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1980 Spring Meeting

The 1980 Spring Meeting will be he d joiritly with the
Canadian Geophysical Union, the Canadian
Meteorological and Oceanographic Society, the Divi-
sion of Aeronomy and Space Physics of the Canadian
Society of Physics, and the Canadian Exploration
Geophysical Society, at the Harbour Castle Hilton in
Toronto, May 22-27. This is the AGU's first annual
meeting outside the United States and the first to be
held jointly with other societies. :

Special Sessions
Frontiers in Geophysics

The Frontiers of Geophysics sessions feature four
contemporary research topics of high interest to the
geophysical community.

The paper by A. E. Litherland discusses radioisotope
dating in which small accelerators are used, a tech-
nique that allows the dating of very small samples of
material and the extension of dating techniques to other
radioactive isotopes.

D. J. DePaolo’s presentation addresses the study of
the natural abundance of an isotope of neodymium to
determine models for the earth’s mantle and evolution
of the continental crust. The technique has come into
use only in the last few years and appears to hold prom-
ise as yet another ‘window’ into the earth’s past.
Neodymium seems to have the property of being less
susceptible to temperature resetting.

A. Malahoff discusses recent (within the past few
months) studies of earth structure in the region of the
Galapagos Islands in which the deep submersible vehi-
cle Alvin (named for its designer, Al Vine) was used. The
relationships between rift valley structure and volcanic
structure cast new light on the planet’s tectonic pro-
cesses.

The tectonics of Venus will be examinedin J. W.
Head’s discussion of the data on the surface structure
of the planet, which was yielded by the surface sound-
ing radar.of the Pioneer Venus orbiting spacecraft. Dra-
matic evidence for craterlike and large uplift structure
was obtained..

Union Sessions

Geophysics of the Great Lakes

Six invited speakers will draw a picture of the geo-
physics of the Great Lakes, bringing into play topics
thatinclude meteorology and climatology, motion and
temperature, sedimentation, and geochemistry. An
historical introduction will be offered in which 25 years

will be summarized every 55 seconds —thought to be an
AGU record for a 15-minute presentation.

Crustal Processes of North America

Crustal activity from ancient to recent times will be
explored, beginning with examination of the evolution of
the lunar crust, including the ‘magma ocean’ and the
agents that modified the early crust. The scene will then
shift to earth, with discussion of the earliest rocks in the
Canadian Shield. Evolution of the crust from the mantle
will then be considered in papers on the various
methods of age determination. Deep crustal seismic
work and large-scale tectonic features will be surveyed,
as will the development of the ocean basins along the
continent/ocean margins, the continents and margins,
and the processes of fluid migration and volcanism.
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Spring
Meeting
Abstracts

Union

Crustal Processes in
North America
Metropolitan West
Thursday P.M.

D. W. Strangway (Univ. of
Toronto), Presiding

U 1 INVITED PAPER

FORMATION OF THE EARTH

John A. Wood (Harvard-Smithsonian Center
for Astrophysics, Cambridge, Mass. 02138)

It is currently understood that the solar
system came together 4.6 x 109 yr ago from in-
terstellar gas and dust, components of which
derived from a variety of stellar nucleosynthetic
processes. Between the time when this system
contracted to roughly the dimensions of the pre-
sent solar system and the time when the planets
were formed, it is thought by most workers te
have consisted of a spunout disk or nebula of
formerly intersteller material, surrounding a
protosun that had not yet achieved core temper-
atures sufficient to initiate hydrogen fusion.
The dust grains which were ultimately to comprise
the substance of the terrestrial planets exper-
ienced poorly understood processes, probably in-
volving high temperatures, while still dissem-
inated in the nebula, which had the effect of
chemically fractionating them; so that the
aggregate compositions of the planets, once
formed, differed in some degree from one another
and from the overall composition of condensible
matter in the nebula. The earth appears to have
incorporated a smaller share of the volatile
elements, and possibly a somewhat larger share
of refractory elements, than was available in
the nebula at large.

The accretion of small mineral grains into large
planets undoubtedly proceeded hierarchically,
evolving through a series of planetesimal size-
distributions with larger and larger members (ul-
timately the planets) at the upper end of its size
range. When the growing planets were joined by
the next-largest planetesimals in their zones,
enough mechanical energy was converted to heat to
cause large temperature increases, and the heat
was buried deeply encugh in major ‘impact events
to inhibit its dissipation. It is possible or
even likely that the earth was melted by accre-
tional energy, even if the process of accretion
extended over 108 yr, as dynamical studies have
indicated it would. (Geochronologic evidence
from the moon is that the last sweeping-up of
major planetesimals occured 4.4 x 10 yr ago.)

At some point in the accretion process the
nebular gases and unaccreted dust particles en-
trained in them were dissipated, again by poorly
understood mechanisms. Presumably the volatile
elements that had been incompletely accreted by
the planets were lost from the solar system at
this time.

U 2 INVITED PAPER
CONSTRAINTS ON THE EARLY EVOLUTION OF MOON & EARTH

H, Simonds (Lunar Curatorial Lab., Northrop
Services, Inc., Box 34416, Houston, TX 77034)

Understanding the moon's evolution at 4.55-3.9
b.y. aids in understanding the earth's early

evolution despite differences in size, H,0, C0» &.

Fe® content, oxidation state and siticate composi-
tions. Wetherill proposes that accretion of earth
and moon involves impacts of >100 km projectiles
that hit the moon at 6-8 km/sec, and the earth
with higher velocities, continuously reworking the
outer 200 km until the planets are within 7 km of
their final radius.

The lunar highlands consists of cumulate anorthe-
site, troctolite, norite, plus a basaltic compo-
nent formed 4.5-4.2 b.y. which were reworked until
the end of the major bombardment at 3.9 b.y.
Calculated source magmas for the cumulates
generally have 10x chondritic light REE enriched
compositions. Impact played a critical role in
lunar fractionation since it heated the crust and
disrupted it. Superheated melt forms for impacts
>7 km/sec, but that melt is insignificant in the
planet's differentiation because, as has been
demonstrated for the >100 m thick melt sheets at
West Clearwater and Manicouagan, Que.it is a total
melt, which crystallizes rapidly due to the huge
quantity of cold debris with which it is mixed
during crater excavation. However the crust
involved in each impact is heated about 200C°
which will not raise a rock's temperature from
sub-solidus to super-liquidus. The cumulative
effect of heating the crust in increments will be
partial melting. If the magma rises to the sur-
face as fast as it forms, it will be a partial,
not total, melt and will form bodies about the
size of the craters. Thus the process of impact-
induced partial melting should form huge layered
intrusions of basaltic composition, a process
compatible with the observed lithologies.

Similar magmatic activity should have occurred
on earth during the period of bombardment prior
to 3.9 b.y., but more rapidly due to the addition-
al energy from core formation and higher impact
velocities causing greater localized heating.

U 3 INVITED PAPER

INFERENCES ABOUT THE EVOLUTION OF THE CONTINENTAL
CRUST AND ITS SOURCES

G. J. Wasserburg (Lunatic Asylum, Div. of Geol.
and Planet. Sci., Caltech, Pasadena, CA 91125)
S. B. Jacobsen

Inferences may be drawn about crustal eveolution and
mantle structure from the observed regularities in
initial isotopic composition of Nd and Pb in crus—

tal rocks through geologic time and the modern val-

ues of the isotopic composition of Nd, Sr and Pb
in oceanic flood basalts. The continents are an-
cient heterogeneous bodies preserving rocks of up
to ~3.8 AE while the oceanic crust is young. The
young age and uniform isotopic composition of oce-
anic crust suggests that its isotopic character is
representative of large volumes of the oceanic man—
tle which are convectively mixed on a short time
scale. As the oceanic mantle represents the resi-
due from which continental crust was derived the
isotopic composition of the present oceanic crust
should reflect with fidelity the time average char-
acteristics of the evolution of continental crust
over the history of the earth. Simple geochemical
models of the growth of continental mass with time
by unidirectional flow from the mantle to the crust
indicates a relatively young average age of 1.8-1.5
AE for the continents. This is less than1/2of the
age of the earth and indicates that the first 1 AE
of crustal history may have been eradicated by vi-
olent early convection and implies that the domi-
nant growth of the atmosphere took place prior to
3.6 AE. A new analysis of models of crustal growth
involvingcrustal refluxing into the mantle have
been developed which may also be represented in a
simple analytical form.The results of models in-
volving refluxing and unidirectional flow will be
compared. Data on continental tholeiitic basalts
of Trassic-Jurassic age from the circum Atlantic
give eyg(0.2 AE)~ -2 to 0 and show distinctive con-
tinental affinities which suggest the existence of
undepleted sources or a good mixing of depleted
mantle and continental crust to form these magmas.
A discussion will be given of the sourcesof these
magmas emplaced in the Pangeatic landmass prior to
the time of opening of the Atlantic Ocean.

U 4 INVITED PAPER

FINE STRUCTURE IN THE GEOCHEMICAL MODELING
OF CRUST AND MANTLE EVOLUTION

N.M. Evensen (Department of Geology, University
of Toronto, Toronto, Ontario M5S 1Al, Canada)

Evidence relating to the complementary evolu-
tion of the continental crust and of the mantle
from which it was formed can be derived both
from geochemical modeling based on the chemical
and isotopic record as accessible at present,
and from physical constraints arising from the
coupling of material tramsport to the contiments
with the material transport associated with ter-
restrial heat loss. Available isotopic systems
can provide only limited information about the
timing of crustal growth when applied to aver-
aged Earth reservoirs, so additional knowledge
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must be summoned from more detailed examination
of the geologic record and from thermal comsid-
erations. A fundamental question is whether
the rate of continental growth is basically
controlled by kinetics or by a secular shift of
equilibrium. The assumption of equilibrium is
more predictively powerful and may be realistic
for early Earth history but is certalnly not
fully applicable at present. In any event the
geochemical evolution of "tracer" elements is
not fully coupled to the growth of continental
mass, and consideration of isotopes with differ-
ing chemical properties and half-lives is requi-
red to resolve the questions. To overcome the
above-mentioned limitations of gross geochemical
nodels, recourse must be made to models incorp-
orating finer structure of the continents and
mantle. The penalty is that such models embody
more parameters and thus require a larger data
base to constrain them. The reward is that as
analytical geochemistry continues to provide
such data, the predictive power of the models
extends beyond whole-Earth parameters to a level
of detail approaching geologic scales.

These remarks are exemplified by z model of
multiple isotope evolution in a heterogenous
crust and mantle.

U 5 INVITED PAPER

EXPLORING THE CONTINENTAL BASEMENT, A MAJOR
FRONTIER OF MODERN EARTH SCIENCE

Jack Oliver (Dept. of Geological Sciences,
Cornell University, Ithaca, New York 14853}

D. Albaugh, R. Allmendinger, C. Ando, J. Brewer,
L. Brown, F. Cook, S. Kaufman, G. Long, B.Payne,
S. Schilt, D. Steirer (Ithaca,.N.Y. 14853)

The historical pattern of development of the
science of geology, the current availability of
tools for exploration, and the potential for appli-
cation of new knowledge all imply that the base-
ment rocks of the continents form a major frontier
of modern geology. One of the tools, seismic re-
flection profiling, has now been applied to study
of about a dozen sites in the United States under
the COCORP project. At each site, profiles typi-
cally 50 to several hundred kilometers in length
were obtained. Taken together, the results empha—
size the heterogeneity and diversity of the crust
from site to site and within one site. At some
sites, known horizons can be traced from the sur—~
face to mid-crustal depths thereby providing a
new and powerful means of identifying deep crus-—
tal structure. Examples from a number of sites
surveyed by COCORP illustrate an emerging view of
the crust which offers hope of a new level of
understanding of this important part of the earth.

U 6 INVITED PAPER
CRUST-MANTLE INTERACTIONS

W. S. Fyfe (Department of Geology, University of
Western Ontario, London, Ontario, N6A 5B7)

Evidence increases for heterogeneous sub-con-
tinental mantle. The subduction process pro-
vides a mechanism for recharging the mantle with
volatile and non-refractory species on a large
scale. Two principle processes contribute to
crust-mantle mixing; subduction of hydrosphere
species (e.g. H20, C0p, S, halogens, Na, K, U)
via the spilite"reactions and subduction of sedi-
ments Jocked in surface irregularities of the de-
scending lithosphere. This latter process may be
related to spreading rate and subduction angle.
Lack of meta-pelagic sediments in blue schist
belts suggests massive subduction of these and
implies significant reduction of the mass of
continental crust as the planet cools.

U 7 INVITED PAPER

EARLY EVOLUTION OF RIFTED CONTINENTAL MARGINS

o

.E. Keen (Atlantic Geoscience Centre, Geo-

logical Survey of Canada, Dartmouth, N.S.,
Canada)

Comprehensive studies of the deep crustal
structure on the rifted margins of Eastern
Canada show that the contimental crust thins
by amounts up to 17 km towards the ocean-
continent boundary. The thinning occurs over
horizontal distances of several tens to hundreds of
kilometers and is perhaps the most striking and
ubiquitous feature of crustal profiles across
rifted margins. Such crustal thinning probably
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occurred as a result of extemsional forces during
the early development of these margins, perhaps
by brittle faulting in the upper crust and flow
in the lower crust. This extension process
appears to have dominated others, such as vol-
canism or deep crustal metamorphism, which may
also have modified the continental crust during
rifting. A simple model of extension in which
the amount of extension is estimated from the
deep crustal structure, allows the subsidence and
sedimentation history, as well as the thermal
evolution of the margins to be predicted. The
predicted subsidence is in excellent agreement
with that obtained from analysis of data in many
deep exploratory wells off Eastern Canada. The
predicted thermal evolution can be used to deter-
mine probable rheological models of the litho-
sphere which vary both with time and with posi-
tion across the margins. The paleotemperatures
are also useful in estimating whether the sedi-
ments, which are potential sources of hydro-
carbons, will have undergone a thermal history
favourable to the generation of sufficiently
mature organic material.

Frontiers of Geophys-
ics

Harbour

Thursday EVE.

L. J. Lanzerotti (Bell Labs.),
Presiding

U8

RADIQOISOTOPE DETECTION AND DATING
WITH KCCELERATORS

A.E. Litherland (Physics Department,
University of Toronto, Canada M55 1A7
J.C. Rucklidge (Geology Department)

The radioactive isotopes, Be-10,
c-14, Al-26, Si-32, C1-36.and I-129
have been detected at natural levels
without prior isotope enrichment by
using negative ions, molecular
dissociation with tandem accelerators
and atom counting. Positive ions and
cyclotrons have also been used.
Ratigs of C-14/C-12 and C1-36/Cl near
107 have been reached in measure-
ments being carried out to develop
radiocarbon (1) and C1l-36 (2) dating
of milligram samples. Recent app-
lications of the new techniques
to geochronelogy, the detection
of rare stable isotopes and their
potential for the ion microprobe
study of minerals will be discussed.

(1) Bennett et al, 1977, Science,
201:345-347

(2) " Elmore et al, 1979, Nature,
277:22-25

U9

‘EARTH STRUCTURE AND CRUSTAL EVOLUTION MODELS
INFERRED FROM NEODYMIUM ISOTOPES

D. J. DePaolo (Dept. of Earth & Space Sciences,
UCLA, Los Angeles, CA  90024)

Variations of the natural abundance of '“°Nd,
the radicactive decay product of '*7Sm (1, =
106 £), suggest relatively simple models for
the chemical structure of the mantle and the
relationship between this structure and the
evolution of the continental crust. Because Sm
and Nd are cosmochemically refractory elements,
the ’“?Nd abundance in primitive, unfractionated
materials in the earth can be estimated. Devi-
ations from this abundance (egd) can result only
from isolation of chemically fractionated mater—
ials, formed during the earth's internal differ-
entiation, for long times. Modern oceanic
basalts have positive e£yq, consistent with oce-
anic upper mantle being the complementary resi-
due to the negative-eyq continental crust
Material balance indicates that only a small
portion of the positive-gyy mantle is needed to
offset the crust. Continental flood basalts
(eng=0) suggest the existence of regions of the

mantle which have retained a primitive chemistry.
The observations can be explained by a layered
mantle structure, with a primitive lower mantle
and an upper mantle depleted of crust-components
including heat-producing elements. gyq values
in Precambrian rocks are consistent with semi-
continuous growth of the crust over the past
~3.8 £. There is no evidence of fractionated
reservoirs in the earth prior to 3.8 £, implying
either an undifferentiated early earth or rapid
mixing. This contrasts with the moon, where
analogous data indicate a layered mantle dating
from 4.5 & ago. £€Nd in oceanic basalts cor-
relates with °’Sr/®®Sr. The correlation trend
confirms the alkali-depletion in the earth and
provides a baseline for studies of magma con-—
tamination by crustal materials and ocean water.
€yqg of crustal rocks can be related to the time
the crust was formed from the mantle and may al-
low better estimation-of the age of the crust

Geophysics of the
Great Lakes
Metropolitan East
Monday P.M.

Ronald C. Taylor (National
Science Foundation),
Presiding

U 10 INVITED PAPER
THE GREAT LAKES: A BRIEF INTRODUCTION

Ronald C. Taylor (Meteorology Program, National
Science Foundation, Washington D.C.  20550)

Other speakers will address a variety of
scientific questions about the Lakes {in the
A11-Union Session) but I will attempt to
provide some historical and cultural back-
ground. This might include early explor-
ation, the antiquity of settled communities,
a silly war on Lake Erie, and what Oscar
Wilde thought of Niagra Falls. The latter
two topics permit some scope for humor, an
opportunity which will not be resisted when
appropriate.

U 11 INVITED PAPER

METEOROLOGICAL AND CLIMATOLOGICAL FEATURES
OF THE GREAT LAKES

Val Eichenlaub (Department of Geography
Western Michigan University, Kalamazoo,
Michigan 49008

As the Great Lakes heat and cool more slowly
than surrounding areas, and provide water
rather than land interfaces to the boundary
layer, an array of meteorological and clima-
tological modifications, collectively known as
"lake effects," results. These may be
classified as either "stable" (warm season)
effects or "unstable" {cold season) effects.
The mean seasonal progression of lake vs land
surface temperatures is examined, and mean
duration and intensity of "stable" and
"unstable" Take effects are than surveyed with
particular emphasis on lake effect snow,
probably the most saifent of all lake-induced
climatic features.

U 12 INVITED PAPER
THE GREAT LAKES AS WIND DRIVEN OSCILLATORS

Clifford H. Mortimer (Center for Great Lakes
Studies, University of Wisconsin, Milwaukee,
Wisconsin 53201

Responses of large lakes and inland seas to
wind impulses cover a wide range of scales in
space and time. Some depend upon the presence
of density stratification within the water
body; some do not. ITlustrations will be
given, paying particular attention to those
responses which exert a controlling influence
on circutation, diffusion, and ecosystem
dynamics.

This page may be freely copied

U 13 INVITED PAPER
THE HYDROLOGY OF THE GREAT LAKES

Frank H. Quinn (Great Lakes Environmental
Research Laboratory, Ann Arbor, Michigan

The Laurention Great Lakes represent a unique
hydrologic system encompassing the five Great
Lakes, Lake St. Clair, and their connecting
channels. The system drains a basin of more
than 764,000 square kilometers of which
approximately 246,000 square kilometers, or
thirty-two percent of the area, is covered by
the Great Lakes. The hydrologic regime of
the system is influenced by many unique
features including differential isostatic
rebound from the last glaciers, a large degree
of natural regulation, and the formation of

a variable ice cover lasting three to four
months each year with the southernmost lake
having the greatest ice extent. The hydro-
Togic variables with the greatest interest
are the individual lake levels and the flows
in the connecting channels. The lake levels
integraté the precipitation, runoff, and
evaporation components of the hydrologic
cycle as well as reflect man's changes to

the connecting channels and the regulation

of Lakes Superior and Ontario. While the
maximum hydrologic scale water level fluc-
uations have been within a range of six to
eight feet, even relatively small changes in
levels are important becuase of the multi-
purpose use of the lakes for navigation,
hydropower, and recreation. This presen-
tation will examine the components of the
hydrologic cycle and their impact upon the
water levels and describe the transport of
water through the system to the ocean. The
factors influencing the formation, growth,
and decay of the Great Lakes ice cover are
also-described with a perspective supplied

by a recently developed winter severity

index based upon the past 80 Great Lakes
winters.

Ul4 INVITED PAPER

GREAT LAKES SEDIMENTATION: PAST STUDIES, PRESENT
WORK AND FUTURE DIRECTIONS

David K. Rea (Oceanography Program, Dept. of

Atmospheric and Oceanic Science, Univ. of Mich-
igan, Ann Arbor, Mi. 48109)

Sediments now on the floors of the Great Lakes
somehow record the hydrological and climatologi-
cal history of central North America since the
Wisconsin-aged glaciers began to retreat about
15,000 years ago. Since that time lake levels
have been both higher and lower than at present,
a history tied to glacial retreat and the ensu-
ing isostatic rebound of depressed lake outlets.
Scattered studies on the bottom sediments of the
Great Lakes began in the 1920's. The pioneering
work of Hough from the mid 1930's to the early
1960's lead to a general understanding of the
physical stratigraphy of Lakes Huron and Michigan
which like the others are characterized by a se—
quence of post-glacial muds overlying peri-
glacial clays and tills. In 1961 and 1962 the D/V

Submarex recovered a series of drillcores from

Lake Superior which formed the basis for the first
detailed stratigraphy of any of the Great Lakes.
During the last decade work completed at the
Canada Centre for Inland Waters has resulted in a
number papers on sedimentation in Lakes Ontario,
Erie and Huron, and the Illinois State Geological
Survey has produced a large amount of work on
Lake Michigan sediments. Present efforts at these
locations and at the Universities of Wisconsin,
Minnesota and Michigan are working toward a more
detailed understanding of lake-floor stratigraphy
and thus improved interpretation of lacustrine
history. Ongoing studies of modern sedimentary
processes in the Great Lakes are being coordinat-
ed by the NOAA Great Lakes Environmental Research
Laboratory and by the Argonne National Laboratory.
Future research on lacustrime physical sedimenta-
tion appears to be heading in two promising di-
rections: first, filling in the details of the
Late Pleistocene and Holocene paleolimmology;

and second, participating in larger, cooperative
efforts with chemists and biologists to approach
many of todays environmental problems.

%



G EQS, vol. 61, no. 17, April 22, 1980, page 208

Frontiers of Geophys-
ics

Metropolitan East and
Centre

Monday EVE.

L. J. Lanzerotti (Bell Labs.),
Presiding

U 15 INVITED PAPER

A SUBMERSIBLE VIEW OF ACTIVE RIFT-TRANSFORM
TECTONICS ALONG THE EASTERN GALAPAGOS RIDGE

A. Malahoff

R. Embley (Both at: National Ocean Survey, NOAA,
Cx4, Rockville, MD. 20852)

D. Fornari (Dept. Geol. Sci., SUNY, Albany)

W. Ryan (Lamont-Doherty Geol. Obs.)

The Galapagos Ridge terminates abruptly at 85°
23'W along a N-$ striking fracture zone. Surface
ship and bottom transponder controlled camera
tows as well as visual observations from the
DSRV ALVIN using both video and still camera
were used to study this area. A detailed multi-
beam surveying bathymetric net was used as a
base to develop a volcanic and tectonic view of
the interaction between the ridge and the frac—
ture zone. Detailed studies of the crest and
flanks of the Galapagos Ridge between 86°05'W
and 85°22' were carried out during the nine dive
expedition show a predominance of a tectonic
over volcanic activity to the east. Activity
along the crest of the ridge takes place between
depths of 2500-2600 m in the form of a serles of
volcanic centers characterized by a median-rift
valley frequently filled with fresh pillow lavas
and dissected by anastomatosing fissures. The,
median rift valley narrows eastward. The Galapa-
gos rift terminates at 85°23'W, where the E-W
lineation observed along the axis of the rift
change sharply into the N-S lineations of the
fracture zone. Actively faulted scarps up to
100 m in height are observed along a 500 meter
wide plate boundary of the fracture zone. Exten-
sive sulfide mineralization in the form of
stacks, is present along the lateral faults of
the rift valley and MnO mineralization along
segments of the fracture zone,were no current
volcanism was observed. The boundary between the
fracture zome and the rift is very sharply de-
fined -and simple in its tectonic pattern. The
observed tectonic fabric of the eastern end of
the Galapagos rift serves as a model for other
segments of the worlds submarine rift system
with medium spreading rates of about 7 cm/yr
that are offset by fracture zones.

U 16 INVITED PAPER

TECTONICS OF VENUS

James W. Head III (Brown University
Providence, R. I.)

Geodesy

Altimetric and Gra-
vimetric Results

Pier 4

Friday A.M.

E. A. Flinn (NASA Headquar-
ters), Presiding

6 1 INVITED PAPER

RESULTS FROM THE SEASAT-I ALTIMETER/ORBIT
DETERMINATION EXPERIMENT

B.D. Tapley (Dept. of Aerospace Engineering and
Engineering Mechanics, The University of
Texas at Austin, Austin, TX 78712)

The objectives of the SEASAT-I Altimeter/
Orbit Determination Experiment Team are: (1) to

assess the accuracy of the sensor measurements
of h, the altitude of the spacecraft above the
sea surface, h1 , the sea-state as measured by
the average heléat of the highest 1/3 of the
waves and 0, the sea surface back scatter co-
efficient or the ratio of the reflected to the
incident power; (2) to determine the ability

of the SEASAT-I data set to perform the task of
global monitoring of wave height, global map-—
ping of the ocean geoid, precise measurement of
the sea surface topography to detect currents,
tides and storm surges, to locate and map the
ocean current patterns; and (3) to assess the
accuracy with which the SEASAT-I satellite
ephemeris can be determined and to define and
develop. the associated methodology to improve
the ephemeris.

This presentation describes: the data set
gathered during the SEASAT-I mission, an
assessment of the data quality, the orbit and
geophysical correction accuracies, and the
plans for distributing the global altimeter
data set.

G2

TERRAIN HEIGHT ESTIMATION USING GEOS-3
ALTIMETER OVERLAND DATA

R.F. Brammer

D.W. Capp (The Analytic Sciences Corp., Six
Jacob Way, Reading, MA  01867)

This paper presents results of a study being
conducted to assess the accuracy with which
terrain heights can be estimated using GEO0S-3
altimeter data. The terrain height estimates
derived from processing the GEOS-3 data have
been . compared to high resolution elevation
data in Florida and in the Maryland-Virginia-
Washington, D.C. area.

The results to be presented include a des-
cription of the terrain height estimation
procedure, the optimal data smoother, and an
analysis of the differences between the sets of
surface and satellite-derived estimated
elevations. The estimates show general agree-
ment to within an rms of lm - 5m.

G3

COMPARISON OF GEOS-3 AND SEASAT ALTIMETER
OVERLAND TRACKING

Ronald L. Brooks*(GeoScience Research Corp.,
Rt. 4 Box 129, Salisbury, MD 21801)

William B, Krabill (NASA Wallops Flight Center,
Wallops Island, VA 23337)

Patricia D. Gaborski (NOAA National Ocean
Survey, Rockvilte, MD 20852}

James Wm. Schoonmaker, Jr. {USGS Topographic
Division, Reston, VA 22092)

GEOS-3 and Seasat overland altimeter measure-
ments have been compared over areas of similar
terrain in the San Joaquin Valley of California
and in the Houston-Galveston area of Texas. It
is observed that the Seasat altimeter height
waveform processor, successfully customized for
open-ocean tracking, introduces overland rang-
ing errors as large as 5 m, due to surface
specularity and changes in surface slope. The
effects of specular returns on the Seasat meas-
yrements have been further evaluated over the
Salar de Uyuni of southern Bolivia, the Earth's
largest flat salt-covered area. The effects of
surface slope changes have been examined over
the Phoenix-Tucson area of Arizona, Initial
attempts at retracking the Seasat overland
waveforms have been successful, demonstrating
the potential for achieving 10 cm overland
tracking precision, compared with the observed
GEOS-3 altimeter precision of about 40 cm
overland,
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ANALYSIS OF GEOS-3 ALTIMETRY IN HUDSON BAY

D. Delikaraoglou (Department of Surveying
Engineering, University of New Brunswick,
Fredericton, N.B.

D.E. Wells (Bedford Imstitute of Oceanography,
P.0. Box 1006, Dartmouth, N.S.)

P. Vanicek (Sponsor)

In connection with the GE0S-3 satellite

program, a Canadian experiment has been
conducted in the Hudson Bay in order to
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compute tides and the sea level from altimetry
data.

GEOS-3 radar altimetry data was collected
from September to December 1976, during which
NASA tracking was supplemented with Doppler
satellite tracking from five local tracking
stations. The combination of the GEOS-3
altimetry with precise orbital information
derived from the Doppler data has permitted
the computation of the sea surface in the
Hudson Bay to submeter accuracy.

In this paper the method of computation of
the sea surface will be presented, and the
features of the resulting sea surface will be
compared with known geoidal features.
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MULTIPLE-TRACK MATCHED FILTERING FOR FEATURE
EXTRACTION FROM ALTIMETER DATA

A.R. LeSchack

J.V. White

R.V. Sailor (The Analytic Sciences Corp., Six
Jacob Way, Reading, MA  01867)

A previous study on the design of optimal
matched filters for detection of bathymetric
features from single tracks of satellite alti-
meter data is extended to the amalysis of nearly
coincident multiple subtracks, with particular
application to the three-day-repeat portion of
the SEASAT mission. The advantages of multi-
track filtering are most apparent in the
detection and localization of short-wavelength
(< 100 km) features. Computed detection
probabilities and false-alarm characteristics
are presented, together with test results ob-
tained from multitrack SEASAT data by the use
of optimal filters matched to the predicted
geoid signatures of several kinds of bathymetric
features.
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. OOMPARISON OF METHODS FOR DETECTING MESOSCALE
OCEANOGRAPHIC FEATURES IN ALTIMETER DATA

Sailor, R.V.

LeSchack, A.R.

White, J.V. (The Analytic Sciences Corp., Six
Jacob Way, Reading, MA  01867)

Previous studies have used GEOS-3 and SEASAT
data to demonstrate that mesoscale (> 100 km)
oceanographic features, such as the Gulf Stream
and its associated eddy systems, can be re-
solved by satellite altimeters. However, these
studies also showed that it is difficult to
identify specific oceanographic features without
the aid of surface truth data and/or a detailed
reference geoid.

This paper reviews and compares several
methods for extracting information about
oceanographic features. The methods discussed
here do not require a detailed a priori
knowledge of the geoid, but use only
information customarily supplied with the
altimetry, .or depth information from a bathy-
metric data set. The following methods are
discussed: 1) differencing of altimeter
observations along repeat tracks; 2) bandpass
or highpass filtering of the altimetry data;

3) subtraction of wndulation data supplied with
the altimetry (e.g. the GEM~10B undulations
provided with SEASAT); 4) matched filtering

of the altimetry data; 5) predicting undulations
in the wavelength band of interest from a
bathymetry data base and subtracting them from
the altimetry data. These methods were tested
with SEASAT data obtained frem tracks crossing
the Gulf Stream and associated eddies.
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SEASAT-1 SATELLITE ALTIMETER OBSERVATIONS
IN THE DETERMINATION OF A MEAN ELLIPSOID

G. B. West (Naval Surface Weapons Center,
Dahlgren, Virginia 22448)

The radius and the origin of a mean
ellipsoid have been determined from SEASAT-1
satellite radar altimeter observations of
the ocedn surface. Assuming that the
altimetric geoid is the best available,
adjustments are made to the ellipsoid
which the DOD WGS-72 geoid heights are
referenced to so that the average geoild
height difference is a minimum. A least
squares fitting procedure based on mean
geoid heights in 5° squares is used in
the determination of the ellipsoidal



parameters. The SEASAT-1 radar altimetric
observations of the ocean surface were averaged
to two points per second and taken from two
sets of SEASAT-1 satellite tracks; one set
consisted of 11 days selected from the time
period day 207 to 225 and the other set
contained 12 days taken from the time period
day 211 to 239 with each set weighted by the
number of observations in each square. In
order to evaluate the consistency of results
three solutions were made, one for each of

the two data sets using DOD WGS-72 as the
reference geoid and ome for the first data

set using the GEM10B as the reference ellipsoid.
Solution one contained 910,074 altimetric

data points and gave Ax=.lm, Ay=-.2m, and
Az=.2m as changes in the origin and a
corresponding ellipsoid radius of 6378134.7m.
Results from the remaining two solutions

were consistent with those given here.
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WHY THE EARTH'S GREATEST GEOID ANOMALY IS SO
NEGATIVE

C. 0. Bowin (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543

A technique and procedure is developed using
spherical harmonic coefficients for identifying
the principal harmonic contributions to individ-
ual potential field features. It is seen that
the major GEM9 geoid anomalies of the earth have
significantly different contributions from the
various harmonics; and a degree 10 geoid is de-
termined to be the best choice for providing a
smoothed representation of the major global
geoid anomalies. It is shown that the coeffici-
ents for each spherical harmonic degree have an
associated maximum source depth. The higher the
degree, the shallower the source depth. The Sri
Lanka geoid low (-104m), the New Guinea high
(+74m)}, the low south of New Zealand (-59m), and
the central Asia low (-56m) all have large con—
tributions from the harmonics of degree 2 and
3. The degree 3 contribution is demonstrated
most likely to be the result of mass anomalies
at the core-mantle interface. Only 0.2 to 3km
of relief of the core-mantle boundary is re-
quired to explain the degree 3 geoid and gravity
anomalies. The Sri Lanka low is the greatest
geoid anomaly because it has the best spacial
coincidence of peak anomalies from deep and
shallow sources.

The ratio of peak gravity to geoid anomaly
values provides estimates of the maximum depth
to the anomalous mass. Using that depth esti-
mate, the magnitude of either the gravity or
geoid anomaly then provides an estimate of the
magnitude of the anomalous mass. By subtracting
the degree 3 geoid map from the degree 10 geoid
a geoid map is obtained that, for the first
time, demonstrates a good correlation of plate
convergent zones with narrow continuous belts of
positive geoid anomalies.,
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ADJUSTMENT OF LA COSTE AND ROMBERG GRAVIMETER
OBSERVATIONS

M. M. Chin (National Geodetic Survey, National
Ocean Survey, NOAA, Rockville, Maryland
20852)

(Sponsor: Charles R. Schwarz)

In this newly developed gravity adjustment
system, the observation equation uses the dial
reading, in milligals, as the observable
quantity. Neither the gravity observation
difference between the two stations nor the
gravity observation itself is used. Scale
factors, drift rates, intervals (tare
corrections), and gravity values are the unknown
parameters. Because this is a nonlinear model,
the Newton-Gauss iteration procedure is used.
Gross data errors are examined in the first
iteration. By using the software package
developed by the National Ocean Survey/NGS for
processing large sparse normal equations, the
size of the network that a system can handle is
constrained only by hardware limitations. By
partitioning the equations, very large networks
can be processed in relatively small computer
storage.

EOS, vol. 61, no. 17, April 22, 1980, page 209

G 10

ANATYSIS AND SIMULATION OF MULTISENSOR
SURVEYS OF THE GRAVITY FIELD

J.D. Goldstein
S.L. Bawmgartner (The fnalytic Sciences Corp.,
Six Jacob Way, Reading, MA  01867)

A tecdmique for determining the residual
errors in the estimation of gravity anomalies
and deflections of the vertical from multisensor
survey data has been developed. Survey alterna-
tives include combinations of satellite radar
altimetry satellite-to-satellite tracking,
grdvimetry, and airbome gradiometry.
method is'based on Fourier analysis and yields
the average power spectral density of the
residuals. A brief description of the method
and some exanples of the results obtained are
presented.
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AMPLIFICATION OF LONG WAVELENGTH GRAVITY AND
GEOID ANOMALIES

W. F. Haxby (Lamont-Doherty Geological Obser-—
vatory of Columbia University, Palisades,
New York 10964)

(Sponsor: J. R. Cochran)

The equilibrium configuration of density
boundaries within a radially stratified, self-
gravitating spheriod conforms to surfaces of
constant gravitational potential., In the pres-—
ence of a gravitational perturbation due to an
inhomogeneous mass distribution, equipotential
surfaces will be distorted, causing a deformation
of the density boundaries. This deformation con—
stitutes a secondary mass heterogeneity, and thus
the gravity field will be modified. 1In the
earth, where the density decreases with increas—
ing radius, the distortion of equipotential
surfaces generally results in an amplification
of the anomalous field. At very short wave-
lengths, the amplification of gravity and geoid
anomalies is very small and may be ignored in
modelling studies. At wavelengths greater than
5000 km (spherical harmonic degree, L, less than
about 8), however, the primary field due to the
initial mass distribution is significantly
modified by the amplification effect. In the
case of a sphere of constant density any harmonic
potential perturbation on the surface of the
sphere will be amplified by the factor (2L+1)/
(2L-2). For the earth, the amplification factor
varies with the depth and configuration of the
initial mass distribution. Because the ampli-
fication factor varies with harmonic degree, the
gravitational power spectrum due to a given mass
distribution will be considerably modified. The
amplification spectrum for surface source and
dipole distributions are given as a function of
the surface radius. The geoid anomalies due to
buried point and dipole sources will be showm as
an example.
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OPTIMAL DENSIFICATION OF DEFLECTIONS OF THE
VERTICAL BY MEANS OF ASTROGEODETIC AND
GRAVITY ANOMALY DATA

H. Baussus von Luetzow (U.S. Army Engineer
Topographic Laboratories, Fort Belvoir,
VA 22080)

The method of astrogeodetic leveling,
developed by Molodenskii et al, is mofified
to permit optimal densification of deflections
of the vertical from suitably spaced astro-
geodetic and gravity anomaly data by consis-
tent statistical collocation., In this way,
error estimation is simultaneously pessible.
It is further shown that the modified meth-
od of deflection estimation with or without
consideration of measurement errors is poten-
tially useful in connection with performance
tests of advanced inertial systems and gravi-
ty gradiometers.
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LOW ORDER POLYNOMIAL APPROXIMATIONS FOR THE
VERTICAL GRADIENT OF GRAVITY FOR A REFERENCE
ELLIPSOID

Dr. D. Nagy, Department of Energy, Mines &
Resources, Earth Physics Branch, Ottawa,
Canada, K1A 0Y3

(Sponsor: L. W. Sobczak)

This page may be freely copied

From the expression given by Helmert fox the
vertical gradient:
g = - 1 1y 2w?
g (5 +F) - WY

low order polynomial approximations are derived
which use only the four basic arithmetic oper-
ations for speedy evaluation of the vertical
gradient of gravity without any loss in ac—
curacy. The polynomial representation is
necessary with most commercial data base man-
agement systems, for example, which allow enly
the basic arithmetic operations and provide
limited core space for computations. Approx-
imations suitable for various applicatioms,
from the well known constant of 0.3086 mGal/m
to expressions yielding MGal accuracy for the
highest land elevation, are easily derived
using this approach. The parameters of these
approximations are expressed in terms of the
fundamental constants of an ellipsoidal refer-
ence surface. Numerical values calculated
from some of these approximations indicate that
in the context of modern gravimetry, greater
attention must be given to the selection of
the technique used to compute the vertical
gradient.
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SHOULD 5° MEAN ANOMALIES BE USED IN
COMBINATION SOLUTIONS FOR THE EARTH'S
GRAVITY FIELD?

Richard H. Rapp (Department of Geodetic Science,
The Ohio State University, Columbus, Ohio 43210)

Higher degree potential coefficient solutions have
usually been carried out using 5° mean anomalies,
However the use of such large blocks can alias the
coefficients found from such solutions at all degrees.
Solutions for potential coefficients have been made for
the study reported here using 64800 1°x 1° anomalies
and 1654 5° equal area anomalies derived from these
1°x 1° anomalies, Potential coefficients were derived
from each set of anomalies and compared. For
degrees 2 to 12, the average percentage difference
between the coefficient sets was 5%; between degrees
13 to 24, 22%, and between degrees 25 to 36, 56%.
The overall undulation difference between these poten-
tial coefficient sets (degrees 2-36) was £1.17 m.
Similar results at the higher degrees were found in
combination solutions with the GEM 9 potential coeffi-
cients, These studies suggest that future combination
solutions should be made with 1° data instead of 5°
data when the highest accuracy is desired.
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THE INVERSE PROBLEM OF CONSTRUCTING A
GRAVIMETRIC GEOID

V. Zlotnicki (Dept. of Earth and Planet~
ary Sciences, Massachusetts Institute
of Technology, Cambridge, MA 02139,
and Dept. of Geology and Geophysics,
Woods Hole Oceanographic Institution,
Woods Hole, MA 02543)

B. Parsons (Dept. of Earth and Planet-
ary Sciences, Massachusetts Institute
of Technology, Cambridge, MA 02139)

Instead of computing geoidal heights
from incomplete sets of gravity data
through the widely used Stokes integral,
the problem is analyzed as an underdeter-
mined system of equations. Each gravity
value is the result of integrating the
geoid times a given kernel.

This approach defines precisely which
length scales in the harmonic expansion
of the geoid are well resolved by any
particular data set. It is shown how
to use the method on any distribution
of data.

A computational procedure is given,
based on a spectral expansion in the
eigenfunctions of the kernel operator
which span the model space. Examples
are presented, first on a simplified
one dimensional geometry to show the
essential elements of the problem,
and then on a more suitable spherical
gecnetry.
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Classical Geodesy
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Klaus Peter Schwarz (Divi-
sion of Survey Engineering),
Presiding
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CLASSICAL HORIZONTAL POSITIONING

Jotn G. Gergen (National Geodetic Survey,
National Ocean Survey (NOS), NOAA,
Rockville, MD 20852)

The North American Continent is covered by
horizontal geodetic networks from the Northwest
Territories of Canada to the southern latidues
of the Central American Republics. Throughout
the past 150 years, several hundred thousand
points have been surveyed with various instru-
ments and precision. The New Adjustmeunt of
the North American Datum project has as its
objective the recomputation of all geodetic
positions, in order to eliminate all distortions
which presently exist in the network. New
instruments and techniques have allowed signi-
ficant progress to be made during the last
decade. Doppler satellite measurements finally
give positions directly without the need for
auxiliary measurements. Although modern
positioning techniques will be radically
different from classical ones, precision
surveys are still required for the monitoring
of crustal motion and other engineering surveys.

G 17 INVITED PAPER -

VERTLICAL POSITIONING - THE STATE OF THE ART

Petr Vanilek, (Dept. Surveying Engineering,
U.N.B. Fredericton, N.B.)

The paper shows the various ways heights can
be defined (referred to the geoid, quasigeoid,
or a reference ellipsoid) and determined
(through geodetic levelling, vertical angles
or 3-D positions), and what are the
advantages/disadvantages of the individual
definitions. The expose is then focused on
levelled heights, and their transformation
into dynamic, orthometric and normal heights.
Next, the problems associated with heights
obtained from levelling (second order
refraction, crustal stability, datum
uncertainty and statistical dependence) are
addressed. Finally, the status of North
American levelling networks is discussed and
aims of the Redefinition of North American
Vertical Networks are explained.
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TIME EFFECTS IN THE RESETTING OF REMANENCE IN
CONTACT AUREQOLES.

E. McClelland Brown Department of Earth Sciemnces,
University of Leeds, England.

The 'resetting temperature' (Tg) is the maximum
blocking temperature thermally rest in a host
rock heated by an igneous intrusion. This is
lower than the laboratory unblocking temperature
(Tpy,) at which all the thermally reset remanence
is removed in an experiment which .takes place
over a signifiecantly shorter time than the natural
reheating event. The host rock experiences a
thermal pulse of magnitude Tp as the heat from
the intrusion is distributed. The effect of this
changing temperature is theoretically predicted
to be equivalent to that of a square pulse of
height Ty and width Op, the thermal pulse width.
Relationships between Tg and Ty, have been
calculated for various sizes of thermal pulse.

Experimentally determined laboratory unblocking
temperature profiles from contact zones of Tert-—
iary dykes are compared with maximum temperature
(TR) profiles obtained from heat flow calcula—
tions. These are identical at the Curie tempera—
ture of the remanence carrier as umblocking is
due to randomization of atomic moments. At
decreasing temperatures Tpp becomes increasingly
larger than the calculated peak temperature as
time effects increase. Experimentally determined
differences between Ty, and Tp are compared with
theoretically predicted differences and the
agreement is good.
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GEODETIC LEVELING AND CRUSTAL MOVEMENY IN THE U.S.
PART II, NON-TECTONIC INFLUENCES

S.C. Chi, R,E. Reilinger, L.D. Brown, and
G.A. Jurkowski (Dept. of Geological Sciences,
Cornell University, Ithaca, N.Y. 14853)

Estimates of crustal movement provided by
leveling observations may reflect tectonic de—
formation, near-—surface non-tectonic motions, or
artifacts generated by systematic measurement
errors. Effective use of this technique for geo-
dynamic purposes requires that the latter two
not be misidentified as tectonic activity.
Surficial movements and systematic errors have
been familiar to geodesists, but the extent to
which they distort or mask estimates of deep-—
seated movement has only recently been fully
appreciated. Near-surface movements may result
from sediment compaction due to fluid with-
drawal (water, oil, gas), imposition of man-made
loads (reservoir impoundment, building con-
structien), variations in soil moisture and
temperature causing swelling of surficial
deposits, surface failure (landslides, mining
activity, karst collapse), and frost heave,
among other processes. Subsidence due to fluid
withdrawal, well-known in the Gulf Coast,

- southern Arizona, and California, appears to be

more pervasive and sometimes more subtle than
commonly realized. Surficial movement of this
type can often be identified by its close rel-
ationship with water level changes monitored in
wells. Unlike fluid withdrawal and reservoir
loading (relatively easy to identify), which
can affect large areas (~100%km), other var-
ieties of surficial instability tend to have
very local effect. Systematic leveling errors,
often more difficult to confirm, are suggested
by unrealistically close correlations between
elevation change and topography, disagreements
between leveling and mareograph measurements
along the coasts, and internal inconsistencies
in leveling circuits. Detailed examination of
movement estimates derived from NGS leveling
provides numerous examples of the above and
suggests practical criteria for their iden-—
tification.
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GEODETIC LEVELING AND CRUSTAL MOVEMENT IN THE U.S.
PART III, TECTONIC DEFORMATION

R.E. Reilinger, L.D. Brown, and G.A. Jurkowski
(all at: Dept. of Geological Sciences, Cornell
University, Ithaca, N.Y. 14853)

Many U.S. releveling observations have been con—
vincingly related to known tectonic phenomena.
The clearest examples are coseismic and postseis-
mic movements in the vicinity of dip~slip earth-
quakes (e.g., 1954 Dixie Valley, Nevada; 1964
Alaska). Such movements are often large (coseis—
mic movements reaching a few meters) and/or clos-—
ely associated with earthquake faults., Evidence
for preseismic deformation is more limited due at
least in part to paucity of data; examples being
the 1959 Hebgen Lake, Montana and the .1371 San
Fernando, California earthquakes. Detection of
more subtle earth movements (Ah~ few cm; AV~ few
mm/yr) with geodetic leveling is illustrated by
deformation in the Rio Grande rift which has been
related to crustal magmatic activity. The vali-
dity of these movements is supported by indepen-—
dent geologic and geophysical observations and the
internal consistency of multiple releveling data.
Isostatic processes have been suggested for ob-
served movements near Pleistocene Lake Bonneville
and near the Mississippi delta. Active tilting
of the Pacific northwest coast has been related
to aseismic subduction., In contrast, some appar-—
ently significant elevation changes are difficult
to relate to plausible driving mechanisms, partic-
ularly in the intraplate U.S. Such apparent move-
ments commonly correlate with geologic structure
and/or with geomorphic features (e.g., uplift of
the Adirondacks and the Southern Appalachians), but
the possibility that other than tectonic effects
are the sources of the observations is not comple—
tely eliminated.
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THE APPLICATION OF LAKE CHAMPLAIN WATER LEVEL
STUDLIES TO THE INVESTIGATION OF ADIRONDACK AND
LAKE CHAMPLAIN CRUSTAL MOVEMENTS
BARNETT, Stockton, G., Department of Earth
Sciences, State University of New York,
Plattsburgh, New York 12901 and ISACHSEN,
Yngvar W., N.Y. Geological Survey, Albany,
New York 12230.

This page may be freely copied

Releveled lines along the eastern flank of
the Adirondack Mountains and across the central
part of the dome suggest that the region is under-
going contemporary uplift (Isachsen, 1975, 1976);
the line along the eastern flank suggests that the
northern end of Lake Champlain is sinking at a
rate of 4.0mm/yr with respect to the southern
end.

Lake Champlain, which borders the northern
three—quarters of the eastern line, and has a
demonstrably stable lake-level guage at each end,
provides a perfect "natural level" to further
refine interpretations of the region's
neotectonics.

Apparent vertical movement between these
guages indicated that the northern end of the
lake is rising 0.7 mm/yr with respect to the
southern end. This movement is opposite to that
suggested by the releveling survey along the west
side of the Lake.

The apparent disparity between results of
the two methods may be reconciled if, recognizing
that the releveling profile indicates only rela-—
tive movement, one uses the lake level data to
"calibrate" the releveling profile; the water
level guaging profile may be superimposed on the
releveling profile by drawing a line between
Whitehall and Rouses Point, with an upward slope
of 0.7 mm/yr to the north. The resulting profile
suggests that during the 18 year interval 1955-
1973 the region from Willsboro north to Rouses
Point remained essentially stationary, whereas
that between Whitehall and Willsboro underwent an
arching of 2 mm/yr. This uparched area corres—
ponds with the more elevated and breached part of
the dome, suggesting that the present arching
along the eastern Adirondacks is the continuation
of more prolonged neotectonic uplift.
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SPATIAL COHERENCE OF TILT FROM ONE HOUR
TO ONE YEAR

G.H. Cabaniss (Air Force Geophysics Laboratory,
Hanscom Air Force Base, Bedford, MA 01731)

Attempts have been made over the past ten
years to improve the coherence of earth tilt
measurements from instruments separated by
reasonable horizontal distances. We have de-
ployed borehole tiltmeters of four different
designs in (a) three 20m uncased holes in bed—
rock, partially waterfilled, (b) two 5m holes
cased through 4m of overburden, also partially
waterfilled, (c) three 120m cased holes 100m
into bedrock, and (d) three 3m cased holes in
soil. Over the period range of 1-11 hours,
effects associated with rainfall, pressure
fluctuations, and the convective overturn of
water dominate. Coherence is low and non-
stationary. In the semidiurnal tidal band, the
data from instruments deployed in bedrock are
consistent to within several percent; those in
soil are not because of both active and passive
time-varying noise. Little power is present in
the inter-tidal band, except at shallow depths,
where it is incoherent. The diurnal tidal con-—
stants are unstable from all but the deep in-
struments because of thermoelastic distortions
of the earth-tiltmeter system and direct tem—
perature effects on some of the electronics.
Between one day and one year the spectra are
characterized by incoherent red noise, due pri-
marily to instrument drift, with few features
except those associated with the passage of
frontal storms. The fortnightly tide can be
extracted reliably from only the deepest in—
struments. All spectra except those from the
latter exhibit strong, incoherent noise peaks
centered at one year. In the cluster at 20m,
for example, this appears to be the result of
both the penetration of the annual temperature
wave and seasonal groundwater circulation.
Future improvements are likely to come from
long-base instruments and better coupling to
the earth.
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THE LOS ANGELES AQUEDUCT AS A LONG BASELINE
TILTMETER

P.C. Leary, P.E. Malin, R.A. Strelitz (A1l at:
Department of Geological Sciences, University
of Southern California, Los Angeles, CA 90007)

Part of the Los Angeles Aqueduct system con-
sists of an open channel 10 feet square which
carries water 110 miles from the Owens Valley
to a reservoir near Palmdale. The open chan-
nel course crosses, then parallels the Garlock
Fault, crosses the western Mojave, and paral-
lels the San Andreas Fault for 10 miles.

As part of aqueduct operations, water Jevels



in the channel are measured -to + .01 foot daily
or weekly at 26 stations. We have exam3ned 24
months of such data and found numerous in-
stances of systematic variations on time

scales of weeks to months. Two variations
correlate with other geophysical data:

i) Between October, 1978 and March, 1979, a
.5 foot water level change appeared at seven
stations south of the town of Mojaye compared
with stations to the north. Interpreted as
regional tilt, simple hydraulics of open chan-
nels indicates a tilt of the western Mojave
block down to the south with magnitude 20-30
microradians. This agrees in time and sense
with USGS leveling data between Los Angeles
and the San Andreas-Garlock fault junction.

ii) Two stations near a small fault in the
Mojave block changed readings between .2 and
.5 feet in the three days prior to the 6.0
Goat Mountain earthquake 125 miles to the
southeast. A1l other stations remained un-
changed.

As yet uninterpreted water level data extends
back to 1969. We should be able to examine
this data for evidence of the Palmdale Uplift
and the 1971 San Fernando earthquake.
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INVESTIGATION OF THE SIGNIFICANCE IN
INCREMENTAL STRAIN VALUES NEAR PALMDALE,
CALIFORNIA.

F.K. Brunner,

R. Coleman,

B. Hirsch (all at: Dept. of Geodesy,
University of New South Wales, Sydney,
2033, Australia).

Repeated geodetic measurements are widely
used for the determination of crustal strain
rates. It has been shown previously by the
authors that conventional strain analysis
techniques using observation differences and
an approach using the inner coordinates of a
geodetic network yield identical results under
certain conditions., However, the main
advantages of the inner coordinate approach
are that non-repeated observations can be
utilised, and that different deformation
models can be investigated. The computed
strain should be subjected to stringent
statistical tests on the basis of the
observation precision and the overall
deformation budget. Such a test procedure
is outlined in the paper.

Field data from the SE-Palmdale network in
California is the basis for a practical
strain analysis, with triangulation data
available for the years 1938 and 1958 and
trilateration data at one year intervals
from 1971 to date. Three strain models,
i.e. homogeneous strain, rigid block motion
and a simple surface displacement model for
a fault, are used in the analysis. The strain
accumulation and the strain rates are
calculated and tested for significance.

A continuous, although small, strain
accumulation over the last forty years
appears to be evident from this data set.
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STRAIN ESTIMATES FROM REPEATED SURVEYS
OF MICROGEODETIC NETWORKS

G.F. Margrave (Dept. of Physics,
University of Alberta, Edmonton,
Alberta, Canada T6G 2J1)

E. Nyland (presently at I.G.P.P., Univ.
of Califormia, La Jolla, Calif.92093)

Surveys of microgeodetic networks
(apertures of a few kilometers or less)
using relatively simple, inexpensive
commercially available equipment are
capable of measuring earth strains of
2x107° or greater. Use of such net-
works for strain measurements offers
many practical advantages over larger
networks. Trilateration alone achieves
virtually the same precision as combined
trilateration and triangulation with the
expenditure of significantly less time
and energy. Strain determinations can
be made by estimating coefficients in
low order poelynomial expansions of the
strain in the network. The technique
uses the theory of generalized inverses
for rectangular matrices to estimate
polynomial coefficients.

This method is used to investigate
the resolution of microgeodetic net-
works using a comprehensive suite of
synthetic data. Real data from a net-
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work in Peru shows that a shear strain
event of -3 microstrains occurred
within this network during the period
1975-1976. A further shear strain
event of +3 microstrains occurred
during 1976-1978 possibly as a response
to the first.

G 26

A STUDY OF THE EFFECT OF INDIVIDUAL OBSERVATIONS
IN HORIZONTAL GEODETIC NETWORK

K. Thapa (Dept. of Surveying

Engineering, University of New Brunswick,
Box 4400, Fredericton, Canada E3B 5A3)
P. Vanicek

ABSTRACT

The concept of strain is explained and the
application of strain eliipses and average
differential rotations to study the compati-
biTity of observations in a geodetic network
is outlined. By examining the size of the
computer plotted strain ellipses and average
differential rotations one can see the
consistency of the individual observations
with the rest of the network.

The impacts of change in distances,
azimuths and introduction of satellite
determined positions on the network are given.
Moreover, the effect of a piece-wise
adjustment and-the consequence of the selection
of weights of observations are analysed.
Furthermore, the influence of an extension
and/or densification on ar existing geodetic
network is examined.
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THEORETICAL AND OBSERVED SURFACE DEFORMATIONS
DUE TO A DISTANT EARTHQUAKE

F. Wyatt (Institute of Geophysics and Planetary
Physies, Scripps Institution of Oceanography,
University of California at San Diego,

La Jolla, CA 92093)

Static deformation of the earth's crust was
recorded on many different instruments at Pifion
Flat Observatory (PFO) due to the Imperial Val-
ley, California earthquake of 1979. The obser-
vatory 1s located some 130 km from the source
region at an azimuth of 8° relative to the
strike .of the fault.

The theoretical displacement field has been
calculated by modeling the earthquake as a
dislocation in an elastic homogeneous half
space, with a Poisson ratio of .25 (see Press,
1965). The source region was assumed to be a
rectangular area extending from the surface
to a depth of 7.5 km and for 40 km along the
fault. The dislocation has been approximated
by lm of right lateral offset. These parame—
ters were selected to produce a seismic moment
of 9 x 102 dyne-cm. The far field results of
this model may be scaled in direct relation to
the moment, for any fixed choice of the shear
modulus (here 3 x 1011 dyne/cn?). The table
below presents the theoretical results and the
data from the long baseline instruments at PFO.

STATIC DEFORMATION (x 1078)

Theory Obs.
NS Strain (732m) -1.82 -2.3
EW Strain (731m) .52
NW Strain (730m) -1.50 -1.2
EW Tilt (50 m) - .76 - .9

These results from long baseline instruments
support the assumption that the earth's crust
behaves in an elastic manner. However, the
offsets recorded on 12 short baseline (lm-25m)
instruments at PFO are generally an order of
magnitude larger than those above. Apparently
the transient seismic energy induced small
local displacemnt (10~7m) which resulted in
large apparent strains on the short baselines.

Press, F., J. Geophys. Res., 70, 2395-2412,
1965.
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STATUS AND PLANS: THE FEDERAL PROGRAM
~FOR APPLICATION OF SPACE TECHNOLOGY
TO GEODESY AND GEODYNAMICS

Edward A. Flinn (NASA Headquarters,
Washington, DC 20546)

A consortium of five Federal govern-
ment agencies (NASA, USGS, NGS, NSF,
and DMA) has been established to coor-
dinate the application of space tech-
nology to geodesy and geodynamics. A
gravity field mapping mission (Gravsat)
is being planned for 1985: user groups
are studying mission requirements and
benefits for geodesy and oceanography.

Laser observatories (including 8
Moblas units) are operating at 12 sites
around the world, and a highly mobile
truck-mounted laser station, built by
the University of Texas at Austin, is
being checked out prior to field
deployment. Two of the three VLBI
stations in the NGS Polaris network
will be operating by the end of this
year, and regular VLBI observations
sessions have been conducted at five
radio astronomy facilities in the US
and Europe. A second mobile VLBI
failicity is being constructed at JPL,
and will be operating later this year.

Selection of sites for the mobile
stations is being coordinated by an
inter—agency working group, for studies
of plate motion, earth rotation and
polar motion, and crustal deformation
in tectonic areas. Informal dis-
cussions are being held with scientific
groups in Europe, Asia, South America,
and the Pacific, leading to cooper-
ative agreements for joint space .obser-
vations in those areas. The initial
priority will be on observations of
crustal movement in the Western United
States, particularly in Southern Cali-
fornia.

G 29

PRECAMBRIAN MULTICOMPONENT NRM IN ROCKS FPROM
THE CANADIAN SHIELD ABITIBI SUBPROVINCE

Larry D. Schutts (Dept. of Geology, University
of Toronto, Toronto, Ont. M58 1Al)

Precambrian rocks from a well-dated, well-
mapped region of the Superior, Province Abitibi
greenstone belt in eastern Ontario exhibit
several distinct natural remanent magnetization
components. Stepwise alternating field and
thermal demagnetization treatments have revealed
a total of four. The oldest units in.the area
include- a thick succession of Archean basalts
and the Archean gabbros which intrude them.
Mean directions from six basalt sites
(22 samples) and nine gabbro sites (34 samples)
give similar paleopoles (24§ TE, k=18 for the
basalts and 218 2E, k=26 for the gabbros)
implying the existence of a reasonably uniform
characteristic remanence which post-dates initial
formation and the concomitant or subsequent
structural deformation. The Archean units are
intruded by north trending Matachewan diabase
dikes (2.6 Ga) and northeast trending Abitibi
diabase dikes (2.1 Ga} vhich yield, respectively,
paleopoles 43N T0E (1b sites, 31 samples, k=L8)
and 41N 232E (8 sites, 33 samples, k=51).
Supposition that these two characteristic
directions are primary is supported by the
results of detailed gabbro-Matachewan and
Matachewan-Abitibi contact tests which clearly
reveal decreasing thermal effects on remanernce
with distance from the contact. Recent
40pr.39ar experiments by J. Hanes at the
University of Toronto indicate a low level 1.8
Ga heating in the region. Fully one-quarter of
the samples measured for magnetic remanence
exhibit a lower coercivity-blocking temperature
spectrum component which appears to correspond
in age to this heating event. Directions are
smeared along the younger portion of the Irving
and McGlynn (1976) Track 5.
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EARTH ROTATION AND TIDAL EFFECTS ON THE
LAGEOS SATELLITE

D.C. Christodoulidis

E. Seifert (both at: EG&G Washington Analytical
Services Center, Inc., 6801 Kenilworth Avenue,
Riverdale, Md. 20840)

During the three years after its launch in May
1976, LAGEOS has been regularly tracked by a
network of precise laser systems. Using these data,
studies of the long term evolution of LAGEOS'
inclination and longitude of the ascending node have
yielded valuable information about the earth's tidal
parameters and the earth's rotation. The tida! results
obtained from the inclination, which is precise to 0.02
arc sec, are in agreement with the theories regarding
the coupling of the liquid core to the mantle which
gives a resonance amplification to the nearly diurnal
tides. The node, freed from earth and ocean tidal
signatures, reveals interesting structure in the rate of
rotation of the earth at the millisecond level.

G 31

POLAR MOTION AND CHANGE OF LENGTH OF
DAY FROM LAGEOS

M.H. Torrence

P.J. Dunn (both at: Washington Analytical Services
Center, Inc., 680! Kenilworth Avenue, Riverdale,
Md. 20840)

The motion of the earth's pole and variations in
the length of day have been determined from laser
tracking observations of Lageos. The values of the
coordinates of the pole and excess length of day are
presented at 5 day intervals from May 1976 through
December 1978, The solution was obtained from 32
independent orbital estimations based upon a global
set of tracking stations.which were derived from the
full two and a half years of tracking data. .

The precision of the polar motion values is 40 cm.
and the excess length of day is 0.4 msec. A
comparison of Lageos values with alternative
techniques is presented together with the sensitivity
of the results to various error sources. |

G 32

MEASUREMENT OF HIGH FREQUENCY VARTATIONS IN
EARTH-S ROTATION FROM DOPPLER OBSERVATIONS

R. J. Anderle (Naval Surface Weapons Center,
Dahlgren, Virginia 22448)

Comparison of the computed longitude of the
node of a satellite from successive independent
orbit fits to Doppler observations provide a
measure of variation in earth's rotation rate,
Variations in UT1-UTC computed from Doppler
observations of Navy Navigation Satellites
for 1978 and 1979 were compared with classical
observations published by Bureau Internationale
de L'Heure. Doppler results with periocds of
six months and longer are corrupted by force
field model errors in the orbit computation
and variatiens with periods of less than a
few days are corrupted by measurement errors.
Variations with periods of omne to five
months agree with BIH data to about 1 ms.

G 33

ACCURACY ESTIMATES OF 1°x1° MEAN ANOMALY
DETERMINATIONS FROM A HIGH-LOW SST MISSION

D. P. Hajela {Dept. of Civil Engineering,
Virginia Polytechnic Institute and State
Univ., Blacksburg, Virginia 24061)

The method of least squares collocation is used
to estimate the accuracy and correlation of 1°x1°
anomalies that could be determined from a high-
Tow satellite to satellite tracking mission. The
observed data is taken to be the line of sight
acceleration which can be computed from the range
rate data. Variables considered in this study
were: a) the spherical distance from the center
of the 1°x1° block within which data is selected
for use; b) the accuracy of the “observed"
accelerations; c) the height of the Tow satel-
Tites; and d) the data density or interval.

Typical results indicate that at a low satel-
lite height of 200 km, a data noise corresponding
to line of sight acceleration accuracy of 0.13
mgals, would yield-a 1°x1° anomaly to an accuracy
of about + 8 mgals with an average error
correlation coefficient between adjacent blocks

of - 0.6. Lowering the satellite to 150 km re-
duces the accuracy to about + 5 mgals but in-
creases the correlation to about - 0.9.

This study does not consider the effects of
orbit error, nor errors in the degree 12 ref-
erence field. In addition, some results could
not be obtained when stable matrix inversions
could not be obtained. This occured when dense
data and/or low data noise was being used.

G 34

IMPROVED VENUS GRAVITY FIELD FOR
ORBITER NAVIGATION

B. G. Williams (Jet Propulsion Laboratory,
Pasadena, CA 91103)

R. A. Jacobson (Jet Propulsion Laboratory,
Pasadena, CA 91103)

An improved Venus gravity field has been
derived from the primary and extended phases
of the Pioneer Venus Orbiter (PVO) mission.
The coefficients for a full seventh degree
and order spherical harmonic expansion of the
gravitational potential have . been estimated
from short arcs of data (4 hours) centered at
periapsis. A batch least squares process was
used to combine the information from 40 data
arcs distributed in longitude over two
circulations of Venus by the PVO sub-periapsis
point. The latitude of the sub-periapsis
ranged from 14°N to 17°N. The addition of
data from the second circulation by PVO has
resulted in substantial improvements in the
uncertainties of the lower degree and order
harmonics compared to the uncertainties
previously obtained from a single circulation.
The equipotential surface (geoid) of the
derived gravity field shows good correlation
with Venusian topography.

G 35
SOME APPLICATIONS OF GPS TO GEODESY

P.D. Perreault (Stanford Telecommunications,
Inc., Sunnyvale, CA 94086) '

W.C. Melton (same as above)

J.J. Spilker, Jr. (same as above)

The Global Positioning System (GPS), a con-
stellation of 18 satellites under develop-
ment by the DoD has capabilities which will
revolutionize Satellite Geodesy. Techniques
are evolving which will allow rapid, all
weather, worldwide, high precision position-
ing, in three dimensions, of points separated
by distances greater than 30-50 km (the
present limit of laser ranging devices) or by
rugged terrain. With relative positional
accuracies of 1-2 centimeters, these data
will be used in upgrading and densification
of national and global geodetic control net-
works and in studies of geodynamic phenomena
such as polar motions, earth tides, polar
ice drift, and crustal motions along a seis-
mic fault.

This paper will discuss some applications
of GPS to geodesy. In particular, we will
review the capabilities, characteristics,
and modes of operation of several receiver
systems under consideration by various
government agencies.

G 36

.EVALUATION OF POLAR MOTION DATA BY LUNAR

LASER RANGING

H. F. Fliegel
J. G. Williams

C. F. Yoder (all at Jet Propulsion Laboratory,
Pasadena, California 91103)

The orientation of the body of the Earth with
respect to its angular momentum vector is
specified by three parameters: UTl (time), and
the X and Y coordinates of the pole.

Lunar laser ranging data from McDonald
Observatory in Texas over 9 years has been
modelled with r.m.s. residuals of 38 cm., of
which 22 cm. is estimated to contain the

effects inherent to the laser ranging technique.

The McDonald data alone cannot determine all
three Earth rotational parameters. However, we
have used them to evaluate the quality of
various sources of polar motion and of data
smoothing techniques. This premits one to
estimate the effect of polar coordinate errors
on various techniques of space geodesy employed
during the 1970's.

This page may be freely copied

G 37

LUNAR LASER RANGING DETERMINATIONS OF
UNIVERSAL TIME

R.B. Langley (Department of Earth and
Planetary Sciences, Massachusetts
Institute of Technology, Cambridge,
Mass. 02139}

R.J. Cappallo

C.C. Counselman III

R.W. King

I.I. Shapiro

Ranging observations of four lunar
retroreflectors obtained by the McDon-
ald Observatory between Octobexr 1970
and October 1979 have been analyzed
to determine values of Universal Time
{UT). The analysis was performed in
three steps: 1) The MIT Planetary
Ephemeris Program was used to estimate
monthly tabular values of a continuous
piece-wise linear model of UT simul-~
taneously with other parameters af-
fecting the observations. The root-
mean-square of the post-fit range
residuals from this analysis was 19
cm. 2) These residuals were used
to estimate a range bias and a cor-
rection to UT for each day on which
there were two or more observations
of a single reflector spanning a
period of at least 1.5 hours. The
formal standard deviation of these
raw estimates of UT is typically
about 0.5 ms. 3) The raw estimates
were smoothed by convolution with
various Gaussian filters. A smoothed
value of UT was determined for each
day for which a raw value was com—
puted. Values of UT at intervening
epochs were determined by interpo-
lation. A comparison of these values
with smoothed BIH values in the 1979
system revealed significant differ-
ences.

G 38

TRANS- AND INTERPLATE BASELINE
MEASUREMENTS USING VLBI

C. Ma (NASA/Goddard Space Flight
Center, Greenbelt, Md. 208771)
for the East Coast VLBI Group

As part of NASA's Crustal Dynamics
Program, 18 VLBI observing sessions
were conducted at the Haystack Observa-
tory (HO)}, Mass., the National Radio
Astronomy Observatory (NRAO), W. Va.,
the Owens Valley Radio Observatory
{OVRO), Ca., and the Onsala Space
Observatory, Sweden between Sept. 1976
and Nov. 1979, The Mark I VLBI system
was used for the first 15 sessions, the
Mark III system for the last three.
Meteorological and phase calibration
data were used in the analysis for all
sessions. Ionospheric calibration
using two frequencies and timing cable
calibration were used in the last two
sessions. Using astrometric positions
derived from all the data, the evolu-
tion of the three North American base-
lines was studied.. The scatter in
baseline length is ~3 cm for HO-OVRO,
“4 cm for NRAO-OVRO, and ~4 cm for HO-
NRAO. Upper limits for yearly change
in baseline length are 8.7 + 1.4 cm for
HO-OVRO, -0.7 + 1.9 cm for NRAO-OVRO,
and -1.1 + 1.2 cm for HO-NRAO. These
results, which indicate no measurable
motion at the level of 2 cm per year,
are consistent with the integrated
local deformations over the baselines.
Only an 8-month span of data to Onsala
has been analyzed. The probable accu-
racy of the HO-Onsala baseline length
is “5 cm. Displacement Love numbers
and the precession constant were also
recovered.

In 1988 the Harvard Radio Astronomy
Station at Fort Davis, Texas will be
available and intermediate North
American baselines will be measured.
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RADIO INTERFEROMETRY MEASUREMENTS OF UNIVERSAL
TIME, POLAR MOTION AND BASELINES FROM RECENT
EXPERIMENTS WITH DEEP SPACE NETWORK ANTENNAS

J. B. Thomas

F. R. Bletzacker

E. J. Cohen

J. L. Fanselow

J. 8. Scheid

L. J. Skjerve

0. J. Sovers (all at the Jet Propulsion
Laboratory, Pasadena, CA. 91103)

Between November 1979 and February 1980, 12
separate radio interferometry experiments were
conducted with Deep Space Network antennas,
including 6 sessions on the California/Spain
baseline and 6 sessions on the California/
Australia baseline. Analysis of these data has
yielded additional measurements of universal time
and polar motion and new measurements of the
baselines between antennas. The results of these
measurements are presented and compared with
results from previous. sessions.

G 40

A VLBI SYSTEM FOR MAKING WEEKLY
MEASUREMENTS OF UTL AND POLAR MOTION
WITH SOME EARLY RESULTS

T. P. YUNCK

M. G. ROTH (Both at Jet Propulsion Laboratory,
Pasadena, CA 91103)

(Sponsor: Ojars Sovers)

At JPL we are in the process of bringing on
line a system for making inter-continental clock
comparisons and measurements of UT1 and Polar
Motion on a weekly basis by means of very-long-
baseline interferometry (VLBI). In this paper
we describe the VLBI system and the plan of
operation for the regular production phase to
begin in a few months and present some experi-
mental UTL and PM measurements obtained in the
past year. These are compared with results
obtained by other methods.

G-41

A LEAST SQUARES PARAMETRIC, LONG-BASELINE
INTERFEROMETRY, ADJUSTMENT

D.A. Davidson, (Department of Surveying
Engineering, University of New Brunswick
Fredericton, N. B.

R.B. Langley, M.I.T., Cambhridge, Mass. U.S.A.

W.T. Petrachenko, York Univ. Toronto, Ont.

(Sponsor: Dr. Petr Vanicek)

Long-baseline interferometry software,
and data, developed by the Canadian LBI group
at York University, has been combined with
a least squares parametric adjustment package.
The options have been implemented to accept
an input of both weighted parameters and
functional parameter constraints. The results
are then analysed statistically, including a
chi-square goodness-of-fit test on the
residuals, a rejection eriteria for residual
outliers, and a chi-square test on the
variance factor.

The package has been developed with close
regard to computer economy: a compromise
having to be attained between storage space
and processing time. The increased efficiency
has resulted in a possibility to imput a larger
number of observations and, accordingly, in an
improvement in accuracy. Results indicate
that sub-decimetre accuracy can be achieved
with the Canadian LBI System,

G 42

NUTATION BASED ON OTTAWA PZT OBSERVATIONS

P.Y. Shen (Dept. of Geophysics, Univ. of W.
oOntario, London, Ontario, Canada N6A 5B7)

The method of least squares spectral
analysis is applied to the latitude and time
variations observed at Ottawa PZT from 1956
to 1977 in an attempt to evaluate the
amplitudes of the principal, semi-annual and
annual nutation terms. Motion of the BIH
pole and the seasonal variations in earth’s
rotation were removed prior to the analysis.
The results are in good agreement with other
determinations using different sets of data
and confirm the dynamic effects of the

liquid core of the earth. Attempt is also
made to ideéntify the nearly diurnal wobble
of the earth. The results are in favor, but
not conclusively, of its existence.

6 43

OBSERVATIONAL EVIDENCE FOR A MASSIVE
STELLAR COMPANION TO THE SUN

John P. Baghy (Space Sensors Lab.,Hughes
Aircraft Co.,Culver City, Cal.90230)

At the AGU 1978 Midwest Meeting, evi-
dence was presented for a massive stellar
companion to the Sun with implications to
several aspects of Geodesy. A tentative
orbit (116 a.u.) and Ephemeris was pre-
sented, as well as an estimate of mass (
0.02 ®) for the companion. Since that
time, T have studied the observational re-
cord in the literature in order to deter—
mine if evidence of the body, or satell-
ites of it, already existed. This search
has been successful. Using a sensor dev-
eloped by Hughes Aircraft's Electro-Opti-
cal Lab. in the 1960's (including optical
engineering performed by the author), the
A. F. Geophysics Lab. eventually publish-
ed in 1977, the results of a four color
survey in the infra red ( 4.2, 11.0, 19.8,
and 27.4 p meters). Thirteen suspects were
found whose characteristics suggest they
could be planets of the massive stellar
companion. These suspects were also found
in appropriate positions in the NASA 2 p
meter Sky Survey, published in 1969. The
elapsed time between the two surveys (1969
to 1971-74) has allowed the computation of
the mean motion of the massive stellar com—
panion, by averaging the vector advances

‘of all the various planets of it. This has

allowed a refinement of the orbit ( e =
0.34)and mass ( 0.018 @).The Hughes Air-
craft sensor gathered data between April
3, 1971 and September 11, 1974. Further
evidence of geodesic effects by the mass—
ive companion have been analyzed and eval-
uated.
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Paleomagnetism of
Intrusive Bodies and
Their Metamorphic
Aureoles
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H. C. Halls (Univ. of Toronto),
Presiding

GP 1 INVITED PAPER

PALEOMAGNETISM OF THE NOTCH PEAK GRANITE
(JURASSIC?) AND ITS CONTACT AUREOLE, UTAH

V. C. Hover

J. J. Papike (all at: Dept. of Earth and Space
Sciences, State Univ. of New York, Stony Brook,
N. Y. 11794)

The Notch Peak Granite intrudes Early Paleozoic
miogeoclinal rocks in the House Range, western Utah.
A paleomagnetic reconnaissance of the intrusive and
its contact aureole has been made as part of a
detailed study to determine textural and chemical
changes related to the intrusion. The Big Horse
member of the Orr Formation (Upper Cambrian) has
been sampled at &4 stratigraphically controlled sites,
ranging from unaltered country rock & km from the
pluton to marble ~500 m away. Two sites in skarn
at the contact, and 5 sites in the granite were also
sampled. The natural remanent magnetization (NRM)
from the site farthest from the pluton is dominated
by a present-field component, but is well-behaved
upon thermal demagnetization and reveals a low-
inclination, Paleozoic direction by 400°C, The 3
sites nearer the granite show more erratic magnetic
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behavior; generally they show a diffuse direction with
steep negative inclination, present at NRM and
removed above 300°C. Of these 3 inner sites, the
one farthest from the pluton (2.5 km) appears
unaltered in thin section, while the other 2 are
extensively recrystallized. Directions from the 2
skarn sites are scattered. NRM directions from all 5
sites in the pluton are also scattered. Thermal
demagnetization causes little change in direction;
alternating-field (AF) demagnetization causes a very
large intensity drop above 200 Oe. Stable AF
directions tend to have steep negative inclinations but
declinations remain rather scattered. The poorly-
defined direction with steep negative inclination-is
grossly consistent with a Jurassic reversed position.
The abrupt change of magnetic properties in the
remagnetized country rock suggests that the resetting
may result from chemical changes. Such changes

may be very subtle, since one site showed no other -

evidence of recrystallization.

GP 2

EVIDENCE FOR PRIMARY, TRM COMPONENTS IN 2.7 BY
THOLEIITES, KINOJEVIS GROUP, ABITIBI OROGEN

J.W. Geissman (Department of Geology, University
of Toronto, Toronto, Ontario, Camada M5S 1A1)
D.W. Strangway
AM. Tasillo
L.S. Jensen (Ontario Geological Survey,
77 Grenville, Toronto, Ontario,Canada M55 1B3)

Alternating Fe and Mg rich tholeiitic basalts
and comagmatic units of the Kinojevis Group, cen-
tral Abitibi Orogen, are of potential use in fur-
ther defining the Archean geomagnetic field be-
cause (1) their post-depositional structure is
straightforward,(2) they overlie 27102 My and
are overlain by 2703x2 My volcanics(MNunes and
Jensen, 1980)%, while to the west they are cut
by post-deformation, Archean Matachewan dikes,
and (3) they reached only a prehnite-pumpellyite
facies of regional and/or. ocean basin metamor-
phism({Jensen, 1978)%; primary volcanic textures
are still preserved. Magnetization data from the
Kinojevis units collected in flow traverses
(sample/m) on either 1imb of a tightly-folded
synclinorium are complex. Vector analysis in AF
or thermal demagnetizatjon reveals that samples
often contain two or more "stable", sometimes
antipodal, components of magnetization. Few in
situ components are similar to those of
Matachewan dikes. The magnetic mineralogy corre-
lates with Tithologic variations within flows
and partial high- and Tow-T oxidation occurred.
Components with linear decays to the origin in
samples having the freshest magnetic mineralogy
have an in situ direction of steep, positive
inclination and southwgst declination(e.g., D=
244.50,1=64.9%,045=8.3 ,k=12.3, N=23 samples, Mg
tholeiite flow) on the south Tlimb of the fold and
of steep positive inclination and variable decli-
nation on the north limb. Corrected for regional
structure, the directions are consistent with
normal and reverse polarity Matachewan dike
values, as expected from the closeness of the
ages of the dikes and the Kinojevis units, and
may thus be primary, TRM components.

'0nt. Geol; Surv. M.P., 92 20.G.S. Rept., 165
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PRECAMBRIAN MULTICOMPONENT NRM IN ROCKS FROM
THE CANADIAN SHIELD ABITIBI SUBPROVINCE

Larry D. Schutts (Dept. of Geology, University
of Toronto, Toronto, Ont. M5S 1A1)

Precambrian rocks from a well-dated, well-
mapped region of the Superior Province Abitibi
greenstone belt in eastern Ontario exhibit
several distinct natural remanent magnetization
components. Stepwise alternating field and
thermal demagnetization treatments have revealed
a total of four. The oldest units in the area
include a thick succession of Archean basalts
and the Archean gabbros which intrude them.

Mean directions from six basalt sites

(22 samples) and nine gabbro sites (34 samples)
give similer paleopoles (248 TE, k=18 for the
basalts and 218 2E, k=26 for the gabbros)
implying the existence of a reasonably uniform
characteristic remanence which post-dates initial
formation and the concomitant or subsequent
structural deformation. The Archean units are
intruded by north trending Matachewan disbase
dikes (2.6 Ga) and northeast trending Abitibi
diabase dikes (2.1 Ga) which yield, respectively,
paleopoles 43N TOE (14 sites, 31 samples, k=48)
and 41N 232E (8 sites, 33 samples, k=51).
Supposition that these two characteristice
directions are primary is supported by the
results of detailed gabbro-Matachewan and .
Matachewan~Abitibi contact tests which clearly
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reveal decreasing thermal effects on remanence
with distance from the contact. Recent
l'OAr—39Ar experiments by J. Hanes at the
University of Toronto indicate a low level 1.8
Ga heating in the region. Fully one-gquarter of
the samples measured for magnetic remanence
exhibit a lower coercivity-blocking temperature
spectrum component which appears to correspond
in age to this heating event. Directions are
smeared along the younger portion of the Irving
and McGlynn (1976} Track 5.
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PALEOMAGNETISM OF THE ARCHEAN POOHBAH LAKE
ALRALINE COMPLEX, NORTHWESTERN ONTARIO

D.J. Dunlop (Geophysics Laboratory, University
of Toronto, Toronto, Ont. M55 1A7)

The 2705-Ma Poohbah Lake complex is a late
synkinematic pluten emplaced during the waning
phases of the Kenoran orogeny. It intrudes
Archean Couchiching schists of the Quetico sub-
province of the Canadian Precambrian Shield.
Two units of the complex, porphyritic syenite
andmalignite (a nepheline-clinopyroxene-K-spar
rock), as well as metasediments sampled near
the intrusive contact, have a dominant reversed
magnetization with mean direction D = 198°
T =-27° (ag5 = 6.8°, k = 51.3, N = Il sites).
The corresponding paleopole is 58.5°E, 52.5°N,
in good agreement with the published pole
(60°E, 44°N) for the 2690-Ma Matachewan dikes
of the Abitibi subprovince. Normal magnetiza-—
tions in the Poohbah Lake body are systemati—
cally steeper than reversed ones. They re-
semble, in polarity and direction, published
results from the nearby 2595-Ma Shelley Lake
granite (D = 4.5° I = +56; mostly normal
magnetizations). The results may record
apparent polar wander during slow cooling of
the Poohbah Lake pluton. Alternatively the
normal magnetizations may be overprints dating
from a 2550-Ma thermal event (recorded by
biotite K/Ar ages). Either scenario implies
polarity epochs of long duration during the
Precambrian.
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PALEOMAGNETISM OF NORITIC GRENVILLIAN
INTRUSIVES SOUTH OF SUDBURY, ONTARIO

S. Dey, Department of Geology, University of
Windsor, Windsor, Ontario, Canada N9B 3P4

D.T.A. Symons
M. Stupavsky

The Memesagemesing Lake and Caribou Lake
stocks are small (~20 kmz) layered norite
plutons located ~100 km southeast of Sudbury
in the Grenville Province. They are strikingly
similar in petrology to the Sudbury norite.

The stocks were sampled at 49 sites (10
specimens/5 cores/site). Alternating field
and thermal demagnetization isolates a stable
magnetization at 10 of the 24 Memesagemesing
Lake sites giving a mean direction of 300°,
-50° (0g5-10°) with a virtual geomagnetic pole
at 148°E, -4°N (5p—8°, dm—l3°). The Caribou

Lake norite stock study is only partially
complete but appears to give a similar result.
Alternative: explanations are that the Gren—
ville norites' remanence records: a) if the
Grenville and Sudbury norites were comagmatic,
metamorphism at ~1760 Ma as found in the
Sudbury norite; or b) primary intrusion or
remanence resetting at ~1000 Ma during the
Grenville Orogeny.
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MAGNETIC PETROLOGY OF INTRUSIVE ROCKS

M. Ci, K3

P. J. Wasilewski (both at Goddard Space Flight
Center, Laboratory for Extraterrestrial
Physics, Greenbelt, Maryland 20771)

Complete magnetic characterization of over 40
intrusive rocks from the Ward's North American
and International collections initiates a
program which strives to establish a connection
between magnetic mineralogy, rock genesis, and
geophysically important rock magnetic data.
This presentation will focus on the correlation
of opaque mineralogies, as observed in micro-
scopic study, to magnetic properties. Magnetic
parameters to be discussed ineclude NRM and SIRM
demagnetization curves, the ratio of NRM to SIRM
intenisity, initial susceptibility, and hystersis
loop characterization. These measurements will

be related to the observed textures and oxida-
tion states of the opaque oxide grains. Em-
phasis will be on identifying those rock types
and textures that, because of directional
stability and internal consistency, provide
acceptable magnetic behavior for paleomagnetic
study. Also the variation of magnetic pro-
perties, such as NRM intensity, Koenigsberger
ratio, and stability of remanence to A. F.
demagnetization, between the various classes of
intrusive rocks, will be discussed.
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RESET MAGNETIZATION IN DYKE CONTACTS AND
IMPLICATIONS FOR VERTICAL MOTION IN THE
SOUTHERN AND SUPERIOR PROVINCES

E.J. Schwarz (Geclogical Survey of
Canada, Ottawa, and Ecole Polytechni-
que, Montreal)

K.L. Buchan (Department of Physics,
Memorial University, St. John's,
Newfoundland)

Oriented samples were taken along two
profiles perpendicular to a 1250 Ma dyke
contact near Sudbury and alsc along two
profiles perpendicular to a 2150 Ma dyke
near Matheson {(Ontario).
the zone of hybrid magnetization was
identified, and the maximum temperature
attained in these zones was determined
from the maximum blocking temperature af
the reset component. Heat conduction
theory yielded the contribution to this
maximum temperature due to intrusion
and, thus, the ambient temperature of
the country rock at the time of
intrusion temperatgres of 280° = 20°%
at 1250 Ma and 250°C z 25°C at 2150 Ma
were obtained. These results tend to
suggest that the depth of burial of the
present level of erosion was about 1 1m
greater at 1250 Ma than at 2150 Ma if the
Superior and Southern provinces can be
regarded as one block during the last
2150 Ma.
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LIMIT OF REMANENCE OVERPRINT FROM THE GRENVILLE
OROGENY IN NIPISSING AND GOWGANDA ROCKS

M. Stupavsky, Geology Department, University of
Windsor, Windsor, Ontario, Canada N9B 3P4
D.T.A. Symons

Early Aphebian Nipissing diabase and Gowganda
sediments were collected at 90 sites (>500
cores) along two 40 km profiles in Ontario. The
profiles extend from the north end of Lake
Temagami in the Southern Province across the
Grenville Front to south of River Valley in the
Grenville Province, Remanence overprinting
from the Grenville Orogeny extends only ~1 km
north of the Front into the Southern Province.
After AF demagnetization the Grenville over-
print is found in 3 of 6 Nipissing diabase
sites which give an ~1000 Ma VGP and which also
show metamorphic alteration. Similarly Gowganda
clasts and matrix at 3 locations provide a uni-
form Grenville 1000 Ma VGP at 48°W, 38°N
(6p=23°, 6m=25°) before tilt correction. Beyond

~1 km north of the Front, no significant Gren-
ville remanence survives AF demagnetization in
the Nipissing diabase. It retains a stable
homogenous primary remanence direction at 19
sites of 189°, 44° (0g5=8°) which is~antiparal-
lel to that found elsewhere in Ontario but whid
gives a similar equatorial pole of 89°W, 17°S
(5_=6°, 6m=10°). The remanence directions of

Gowganda clasts at 3 sites which are >5 km from
the Front give random directions whereas the
matrix sediment at 6 of the 30 sampled sites
gives an ~2200 Ma VGP at 108°W, 66°N (dp=24°,
dm=26°). In all cases tilt correction tests

proved statistically insignificant.
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MULTICOMPONENT MAGNETIZATIONS IN THE
GRENVILLTAN CORDOVA GABBRO, ONTARIO

J.M. Stirling (Geophysics Laboratory, University
of Toronto, Toromto, Ont. MS5S 1A7)

D.J. Dunlop
K. Argyle
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The Cordova gabbro of southern Ontario in-
trudes the 1300 Ma Belmont volcanics of the
Hastings Basin, an area of upper—greenschist-
facies metamorphism within the generally high-
grade Grenville structural province. Of 112
samples from 20 sites studied by thermal and
AF demagnetization, 44 exhibit an A magnetiza-
tion with mean direction D = 290° I = -58°
(g5 = 5.7°, k = 49.3, N = 14 sites) and a
paleopole at 152°E, 14°S; 41 exhibit a B mag-—
netization, D = 302° I = +4° (ogs = 7.9°,

k = 24.0, N = 15 sites), paleopole 170°E,
23.5°N; and 13 (from 9 sites) exhibit a C mag-—
netization, D = 189° I = 422.5° (ags = 11.2°,

= 14.6, N = 13 samples), paleopole 91.5°E,
33.5°N. A, B and C magnetizations are super-
imposed in many samples but thermal cleaning
does not unambiguously indicate their relative
ages. The A and B magnetizations resemble
Grenville orogenic overprints documented in
earlier studies, but the C magnetization is
novel. The C could be primary: the metamorphic
grade is exceptionally low and the nearby
(hlgher—grade) Thanet gabbro preserves a pre-—
Grenvillian “PAr/3%Ar hornblende age of 1200 Ma.
The C direction can be made concordant with
1200 Ma North American paleopoles by ¥ 90°
rotation about a local Eulerian pole, opening
a small ocean between Grenvillia and Interior
Laurentia. Closing of this ocean between 1200
and 1050 Ma would account for the Grenvillian
orogeny as a collisional event. Alternatively,
the C magnetization may be a Silurian overprint.
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TECTONLC AND METAMORPHIC HISTORY OF THE SUDBURY
NORITE: THE EVIDENCE FROM PALEOMAGNETISM

W.A. Morris (Morris Magnetics, P.O. Box 8757,
Ottawa, Canada)
(Sponsor: -John Blenkinsop)

In a study of over 600 cores of Sudbury norite
a number of remanence directions are found to
co-exist in this single rock unit. A chromology
of remanence acquisition was established by:

a) comparing the degree of alteration and
deformation of differing specimens, b) the areal
distribution of a remanence phase, and c) the
relationship of a remanence direction to a local
geological structure.

Initially, (N1) the Sudbury norite occupied an
open syncline (limbs dipping approximately 20°)
plunging gently to the southwest. Next
tectonism (F1) produced a crudely symmetrical
basin, with all limbs dipping inwards between
40°-50°. Evidence from the region immediately
south of the basin indicates that Fl affected
only the basin, therefore F1 is probably related
to a subsidence event within the basin.
Completion of F1 is signified by the regional
metamorphic event recorded magnetically as N2 on
the south, east and west ranges. This was
followed by a second deformational event (F2)
which evidence suggests was a regional
compressional tectonic event. As well as
producing further tilting of the east and south
ranges, F2 also caused the rotation about a
vertical axis of the east range and possibly the
eastern corner of the south range. Prior to
this event (F2) in plan the Sudbury basin had
the form of a broad ellipse. Acquisition of the
N3 magnetization marks the completion of F2.

The final deformational event (F3) recorded by
the norite remanences involves the block
rotation of the south range relative to the
north range.
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COMPLEX MAGNETIZATION OF A DYKE AND ITS
CONTACT AUREOLE

Pierre Lapointe and Peter Dankers
(Earth Physics Branch, Energy, Mines and

Resources, Ottawa, Ontario, Canada
K1a 0Y3)

A diabase dyke and the strongly foliated
Grenville gneiss in which it was intruded
were sampled in detail along several parallel
sections across the dyke up to 60 m in the
gneiss. The well exposed very sharp contact
between the 100 m wide dyke and the gneiss
is characterized by a fine grained chilled
margin of approximately 1 m, No effect of
intrusion is visible in the gneiss. The
centre of the dyke is differentiated and
coarsely crystallized. Susceptibility
measurements at the outcrops show a very
sharp contrast between dyke and gneiss,
the dyke having a much higher susceptibility
value. In the dyke the susceptibility peaks
in a zone between 10 m and 20 m from the
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contact. NRM intensities close to the
contact are approximately the same. for dyke
and gneiss. In the gneiss the NRM drops

1 m from the contact and in the dyke the
NRM increases towards the centre.
Alternating ‘field demagnetization and
thermal demagnetization reveal the same
characteristic magnetizations. At least
three zones parallel to the contact each
having a different characteristic magnetiza-
tion could be distinguished, The hardest
magnetization, probably of thermo-remanent
origin, was found in the centre of the
dyke, whereas closer to the contact a TCRM
or a thermally overprinted TRM probably
dominates.
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EXTENSION OF THE MATACHEWAN AND ABITIBI DIABASE
DIKE SWARMS WEST OF THE KAPUSKASING STRUCTURAL
ZONE, NORTHERN ONTARIO

Richard Ernst, (Dept. of Geology, U. of Toronto)
Henry C. Halls, (Dept. of Geology, Erindale
College, U. of Toronto)

On the eastern side of the Kapuskasing Struc-
tural Zone (KSZ) in Northern Ontario there is an
orthogonal set of Aphebian diabase dike swarms,
the Matachewan (trending N-8) and the Abitibi
(trending ENE). On the western side of the K5Z
is another orthogonal dike set with trends. NNW
(to N-S) and NE (to ENE). The purpose of this
study was to paleomagnetically examine these
western dikes a) to try to correlate them with
the Matachewan and Abitibi swarms and b) to
determine whether any relative rotation between
the two orthogonal sets has occurred in associa-
tion with KSZ tectonics,

This study has determined a preliminary paleo-
magnetic direction (calculated for a location at
Timmins, Ont.) for the NNW swarm (D/I = 193°/
-17°, based on 10 dikes) and for the NE swarm
(D/1 = 246°/57°, based on 3 dikes). ' Baked con-
tact tests suggest that these paleomagnetic
directions are primary.

The remanance directions of the western dike
swarms are similar to the directions (averaged
from previous studies) for the Matachewan (D/I
= 203°/-10°) and the Abitibi (D/I = 267°/63°).
Therefore, the western dikes are probably
extensions of the Matachewan and Abitibi swarms.
Furthermore, the paleomagnetic data are consis-—
tent with a relative rotation of about 10°
between the two orthogonal dike sets, but more
data are needed to confirm this interpretation,
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TIME EFFECTS IN THE RESETTING OF REMANENCE IN
CONTACT AUREOLES.

E. McClelland Brown Department of Earth Sciences,
University of Leeds, England.

The 'resetting temperature' (Tg) is the maximum
blocking temperature thermally rest in a host
rock heated by an igneous intrusion. This is
lower than the laboratory umblocking temperature
(Tgy) at which all the thermally reset remanence
is removed in an experiment which takes place
over a significantly shorter time than the natural
reheating event. The host rock experiences a
thermal pulse of magnitude T as the heat from
the intrusion is distributed. The effect of this
changing temperature is theoretically predicted
to be equivalent to that of a square pulse of
height T and width Op, the thermal pulse width.
Relationships between Tg and Tgp have been
caleulated for various sizes of thermal pulse.

Experimentally determined laboratory unblocking
témperature profiles from contact zomes of Tert-
iary dykes are compared with maximum temperature
(TR) profiles obtained from heat flow calcula-
tions. These are identical at the Curie tempera-—
ture of the remanence carrier as unblocking is
due to randomization of atomic moments. At
decreasing temperatures Tgy becomes increasingly
larger than the calculated peak temperature as
time effects increase. Experimentally determined
differences between Tpj, and .Tp are compared with
theoretically predicted differences and the
agreement is good.

Paleomagnetism:
General

Pier 9

Thursday P.M.

K. P. Kodama (Lehigh Univ.),
Presiding
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MAGNETIC POLARITY STRATIGRAPHY:
STOCHASTIC ASSESSMENT OF DATA

Victor E. McGee, Noye M. Johnson,
Dartmouth College, Hanover, N.H. 03755

The problem of compiling a local
magnetic polarity column from a given
set of discrete data points is essen-
tially stochastic in nature. For the
case of randomly distributed paleomag-
netic sites in the time interval t,
the probability C/(N-1) for discover-
ing a polarity zone is given by

where C is the number of polarity
zones, N is the number of paleomagne-
tic sites x = t/aN and o is the mean
of a Poisson distributed reversal rate
curve. The standard deviation ¢ about
the expected C value is given by

¢ =E(N—-vl) (1-1:2]”2 eq. 2

where P = C/(N-1) from eg. l. Pub-
lished case studies of magnetic polar-
ity stratigraphy from terrestrial,
pelagic and volcanic rocks have been
evaluated by means of eq. 1 and the
number of polarity zones predicted
from theory agrees well with the num-
ber actually found. With regard to
sampling effectiveness, a uniform dis-
tribution of sample sites is more ef-
ficient for finding magnetic polarity
zones than a random distribution (eq.
1). In contrast, an exponential dis-
tribution is less efficient than the
random distribution.
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MAGNETOSTRATIGRAPHY OF CLASTIC SEDIMENTS IN THE
FLINT-MAMMOTH CAVE SYSTEM OF KENTUCKY, USA - A
NEW HIGH RESOLUTION FIELD RECORD EXTENDING BACK
ONE MILLION YEARS

V. A. Schmidt (Dept. of Geology & Planetary
Science, Univ. of Pitisburgh, Pittsburgh, PA
15260, USA)

The clastic sediments partially f£illing many
passages of the Flint-Mammoth Cave System of
Kentucky are excellent recorders of the earth's
magnetic field at the time of their deposition.
If backflooding from the local hydrologic base
level is the principal means of deposition, then
the age of a section should be strictly
correlative to its elevation, allowing a magneto-
stratigraphic interpretation of the polarity
record contained in the sediments. The same
polarity pattern - reversed between 570 £t (174 m)
and 660 £t (201 m) and normal below and above
this zone - has been observed in all parts _of
this sprawling cave system (approx. 100 k'
extent). "Thus, the sediments in the highest
passages in the cave date at least to the
Jaramillo magnetochron, about 800,000 years ago.
Preliminary results from nearby caves at higher
elevations indicate that the total record fay
extend to the Olduvai magnetochron. Individual
sediment sections vary up to 3 m in thickness
with fine laminations indicating time windows up
to a few thousand years per section. Each of the
many sections available in each magnetozone
appears to record detailed secular variation of
the field. It is clear that this phenomenon is
not restricted to this particular cave system.
Suitable limestone caves throughout the world
should contain high resclution records of the
field covering at least the past million years.

This page may be freely copied
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REVERSAL OF THE PALEOMAGNETIC FIELD IN BRUNHES-
AGE LACUSTRINE SEDIMENTS IN LONG VALLEY AND
MONO BASIN, CALIFORNIA

J.C. Liddicoat (Lamont-Doherty Geological
Observatory, Palisades, NY 10964)

K.R. Lajoie

R.A. Bailey

AM. Sarna-Wojcicki

P.C. Russell

M. Woodward (all at: U.S. Geological Survey,

"345 Middlefield Road, Menlo Park, CA 94025)

Reversed paleomagnetic directions (D = 163°,

I =-21°; VGP = 59.1°S, 274.3°E) occur in a 150-mm
stratigraphic interval of laminated lacustrine
silts that bracket a 20-mm bed of tephra in Long
Valley, eastern California. Similar reversed
directions occur in a 25-mm layer of tephra at two
sites 1 km apart in laminated lacustrine silts on
Paocha Island in Mono Lake, 50 km to- the north.
Trace-element chemistry (0.99 similarity coeffi-
cient for 11 elements; 1.00 represents a perfect
match) and heavy mineral content correlate the

two tephra layers and confirm the age equivalence
indicated by the paleomagnetic data.

The absolute age of the reversal is not
precisely known, but it is less than 700 kA -- the
lacustrine deposits in Long Valley are in the
caldera formed by the eruption of the Bishop Tuff
about 700 kA ago, and those on Pacha Island lie
stratigraphically above the Bishop Tuff. Two
lines of evidence suggest the reversal occurred
in late Brunhes time: 1) the reversely magnet—
ized strata lie in the upper part of Brunhes-age
deposits at each locality, and 2) on the basis of
trace—element chemistry, the tephra has close
affinity to rhyodacites dated at 50-150 kA by the
K-Ar technique on the southwest margin of the
Long Valley caldera. However, the reversal
might be mid-Brunhes age because extrapolated
sedimentation rates derived from %C-dated
strata higher in the stratigraphic section in
Mono Basin, and the depth of the Bishop Tuff
lower in that section, place the age of the
reversely magnetized zome at 250-300 kA,
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REFINEMENT OF THE CHRONOLOGY AND PALEOMAGNETIC
RECORD AT MONO LAKE, CALIFORNIA )

K.R. Lajoie (U.S. Geological Survey, 345 .
Middlefield Road, Menlo Park, CA 94025)

J.C. Liddicoat (Lamont~Doherty Geological
Observatory, Palisades, NY °10964)

S.W. Robinson (U.S. Geological Survey, 345
Middlefield Road, Menlo Park, CA 94025)

(Sponsor: J.C. Liddicoat) '

Ten new 1*C dates improve the temporal control
between 36 kA and 13 kA for the paleomagnetic
record in 7.2 m of thinly laminated late
Pleistocene lacustrine silts in Mono Basin,
eastern California, and revise the age of the
paleomagnetic excursion reported in previous
investigations. In those investigations, a
linear sedimentation rate extrapolated from two
14C-dated beds higher in the section tentatively
placed the age of the excursion at about 25 kA.
Three of the new C dates on samples from the
0.6 m stratigraphic interval containing the
excursion establish its age at 29-32 kA.

Widely spaced samples from the post-excursion
portion of the stratigraphic section record
swings in declination and inclination (up to 60°
and 50°, respectively) and relatively high
angular dispersion of the Virtual Geomagnetic
Poles (VGP's). New paleomagnetic data from
samples at 50-mm intervals (roughly every 150
years; @ 5 for six a.f. demagnetized specimens
per meastifed horizon averages 3°) fill -gaps in
the original record and confirm, but slightly
revise, the broad swings previously reported.
The angular dispersion of VGP's also remains
high: 19.7° (k = 16.9, n = 63). In additiom,
five and a half clockwise loops spah the set of
smoothed VGP's (5-point running mean) in the
interval between 29 kA and 13 kA. The loops
have an average duration of 2.9 kA, and their
direction of movement is compatable with the
model of westward drift of the nomndipole
field.
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PALEOMAGNETIC STUDY OF THE MAHOGANY OIL SHALE,
UINTA BASIN, UTAH

K. G. Richardson .

H. C. Noltimier (both at: Dept. Geology and
Mineralogy, Ohio State Univ., Columbus, Ohio
43210
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Geomagnetic polarity stratigraphy of the com-
plete 135 foot thick Mah y unit,. Parachute
Creek Member, Green River Fm, has been.deter-
mined from a borehole core drilled by Chevron
West in Duchesne Co., Utah. 622 subcores were
taken at equal intervals and measured .
with a 3-axis SCT magnetometer. 70
cores were AF demagnetized at 10 mT
intervals to 60 mT in initial tests.
The remaining 552 cores were txeated
at 30, 40,50 mT. Maximum values of
the BSI occured between 30-40 wT-and
the polarity results are showm. Only
polarity changes consistent through
demagnetization and not unique to one
core segment were used. The Mahogany
unit polarity is mainly normal with 9
thin reversed zones. The thickest re-,., |
versal lies at 7630 feet. Mauger's
1977 age for the wavy tuff above the
unit is 44 my BP. Compared to the po-
larity history of the Middle Eocene,
the unit correllates with one of three
normal intervals of Late Bridgerian-
Early Uintan age (44.2-44.7, 44.8-45.3,
45.4-45.9 my BP)., K-Ar ages from the
wavy tuff above and curly tuff below
the unit ave pending. Deposition rate .|
is equal to or less than 8 mm/century
implying lamination pair’thickness of
.08 mu or less if they are anmnual var-
ves. This is consistent with the
range of values quoted by Bradley in
1929 for oil shale beds of the Mahog-
any unit.

7500 -

DEPTH IN FEET

7650
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SECULAR VARIATION IN MIOCENE LAVAS,
NW-ICELAND ; SOME PRELIMINARY RESULTS

Leo Kristjansson {Science Institute, University
of Iceland, Reykjavik, Iceland)

Ian McDougall (Australian National University,
Canberra, A.C.T. 2600, Australia) N
Norman D, Watkins® (Graduate School of Oceano-

. graphy, University of Rhode Island, Kingston)
Haukur Johannesson
Kristjan Saemundsson (both at: National Energy
Authority, Reykjavik, Iceland)

Assisted by senior and graduate students, the
authors. mapped in 1975-78 a composite strati-
graphic section through the basalt lava sequ-
ence of the Northwestern peninsula of Iceland.
Three oriented cores were taken from each of
1261 lavas in about 40 profiles which overlap
partly in time. Pending completion of detailed
K-Ar age analysis and stratigraphic correlation
studies, the section is estimated to span. the
age interval between 13.5 and 8.8 m.y. ago.

Statistical results on the magnetic remanence
of those 1118 lavas which yielded primary mag-
netic directions of satisfactory internal con-
sistency (u95<23.5') include i) 53% are nor-
mally magnetized, i.e. have VGP positions north
of the equator ii) 12% yield VGP latitudes
below 40°N or §, and 2% yield poles within 10°
of the equator iii) mean virtual dipole mom-
ents increase smoothly in strength with VGP
latitude, by a factor of 4 between the equator
and the geographic poles iv) there is no
(< 4%) difference between overall average mag-
nitudes of normal and reverse virtual geo- .
magnetic dipole moments v} low-latitude
(< 40") poles do not occur preferentially in
any one particular longitude interval.

These results are similar to those re-
cently cbtained by Saemundsson et al. [J.G.R.,
1980] by combining data from three different
paleomagnetic surveys (altogether 1201 sampled
lava flows) in W- and N-Iceland.

1 deceased
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LATE-GLACIAL GEO! IC EXCURSION IN
LAVA FLOWS, REYKJANES PENINSULA, SW-ICELAND

Leo Kristjansson (Science Institute, University
of Iceland, Reykjavik, Iceland)

Agust Gudmundsson (National Energy Authority,
Reykjavik, Iceland)

The Reykjanes peninsula is the on~shore
extension of the Reykjanes Ridge crest. It is
mostly covered by basalt lava flows and
hyaloclastite ridges of late-glacial and Holocene
age, including historic flows. We have tested
the magnetic polarity of a large number of lavas
and dykes at over 140 localities on the
peninsula, using a portable flixgate magneto-
meter. Sites yielding apparently reverse
directions were subsequently sampled for
laboratory measurement. Three different hills

were found to be largely built up of thin lava
flows all having similar shallow réverse
directions of primary remanence. These hills
are some kilometers apart, but they may have
belonged to a common fissure swarm. The mean
primary remanence direction obtained from 55
stable samples is at D=260°, I=~16", with

Age = 3°. The corresponding VGP position is at
ZSE'E, 12°S. The age of these outcrops is
likely to be late Wisconsinan (< 30.000 years) .
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MAGNETIC STRATIGRAPHY OF TURBIDITE-BEARING
SCAGLIA LIMESTONE AT FURLO (UMBRIA-MARCHES
APENNINES, ITALY)

W. Alvarez (Dept. of Geology and Geophysics,
University of California, Berkeley, CA 94720)

W. Lowrie {(Institut flir Geophysik, ETH-HSngger-
berg, 8093 Zirich, Switzerland)

Previous magnetic studies in the Apennines
have dealt with pelagic limestones and merls.
At Furlo, Scaglia limestone in a facies marked
by calcerenite turbidites also gives good magne-
tic results. IRM acquisition shows that both
magnetite and hematite are present. Demegneti-
zation to 200 oe and 350°C or higher reveals
a single stable direction after removael of an
initial soft coercivity component. Polarity
zones from the Cretaceous Long Normal Zone
to the upper Maastrichtian Gubbio F+ zone
{anomaly 30-31) clearly correlate to the
sea~floor anomaly sequence. The foraminiferal
change that marks the Cretaceous-Tertiary (C-T)
boundary can be recognized despite the problem
of reworking by turbidites. Some of the sec-
tion is apparently missing at the C-T boundary,
and identification of polarity zones near the
C-T boundary is not yet certain. Zones of soft
sediment slumping in the pre-Maastrichtian Upper
Cretaceous bound undisturbed zones that show
declinations rotated by as much T75°; these are
interpreted as coherent gravity slide blocks
emplaced during sedimentation.
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UPPER JURASSIC MAGNETOSTRATIGRAPHY FROM
NORTHERN ITALY

J.G. Ogg (A-008, Scripps Inst. Oceanography,
La Jolla, Calif. 92093)

Kimmeridgian to Berriasian pelagic
limestones of the Southern Alps (N. Italy)
yield a consistent magnetostratigraphy. At
the eight sample sites (approx. 60 cores per
site) Kimmeridgian-Lower Tithonian, red,
Saccocoma-rich "Ammonitico Rosso" has a
gradational contact to the Upper Tithonian-
Early Cretaceous, white, calpionellid-rich
“Maiolica™. The cleaning procedure combined
alternating field and thermal demagnetization.
Magnetic property tests showed magnetite to
be the dominant carrier of remnant magneti-

‘zation. The composite magnetostratigraphy

was dated by microfossils (calpionellids and
Nannoconus) and partially corrected for
differential sedimentation rates.

The "Ammonitico Rosso" has eight main
polarity zones with perhaps a couple
excursions or subzomes. The "Maiolica" is
dominated by normal polarity in the Upper
Tithonian with a relatively long reversed
zone beginning near the Cretaceous-Jurassic
boundary (base of Nannoconus). The Oxfordian
cherty limestones below the "Ammonitico Rosso"
have mixed polarities of reduced intensity.
Middle Jurassic red limestones in this region
are predominantly of normal polarity, but
with weak magnetizatien.

An attempt to match this Upper Jurassic
sequence to the marine magnetic anomaly
record suggests that M-17 may be the reversed
polarity zone near the Cretaceous-Jurassic
boundary. o o

A paleolatitude of 18 + 4 N and a post=
Jurassic counterclockwise rotation of 39 +5
for this part of Italy is indicated.

0
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GROSS FEATURES OF JURASSIC GEOMAGNETIC STRATI-
GRAPHY FROM UMBRIAN LAND SECTIONS

J.E.T. Channell

W. Lowrie (both at: Inst. fir Geophysik, ETH-
HBYnggerberg, CH-8093 Zirich, Switzerland)

G. Pialli (Istituto di Geologia, Universita di
Perugia, Perugia, Italy)

The principal section at Valdorbia appears to
represent continuous sedimentation throughout
much of the Jurassic, from Upper Tithonian to
Lower Toarcian. The upper 160 m. (Tithonian to
Bajocian) are white/green cherty limestones and
the lower %0 m, (Aalenian/Toarcian) are red and
gray marly limestones. 20 m. of section in the
Lower Kummeridgian/Upper Oxfordian could not be
sampled due to lack of outcrop. The upper 160 m.
of section is dated only at 3 stratigraphic :
levels: (1) base of Tithonian, (2) base of
Oxfordian, (3) base of Dogger. In view of the
apparent ‘lack of hiatuses, we make a linear
interpolation of stage boundaries between these
fixed points. The magnetic stratigraphy of the
Valdorbia section after thermal and AF treatment
gives an extended quiet zone of normal polarity
from Kimmeridgian to lower Dogger flanked by
mixed polarity intervals.

A short second section at Gorgo a Cerbara of
Tithonian age gives a stratigraphy correlatable
with the upper mixed polarity zone at Valdorbia,
and two pelagic limestone sections of Liassic
age at Cingoli and Fonte Avellana indicate that
the mixed polarity interval which appears to end
in the middle Dogger at Valdorbia extends back
at least as far as the Sinemurian,
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PALEOMAGNETISM OF PERMIAN SEDIMENTS FROM ALGERIA
AND THE POSITION OF THE PERMIAN PALEOEQUATOR.

P. Morel

E. Irving (both at: Earth Physics Branch, Energy
Mines and Resources, Ottawa, Canada K1A 0Y3

L. Daly (Laboratoire de GEomagnétisme du Parc
Saint-Maur, 4 Av.de Neptune, 94100 Saint-Maur-—
des~Fossés, France)

A. Moussine-Pouchkine (Centre Géologique et
Geophysique, U.S.T.L., Place Eugéne Bataillon,
34060 Montpellier Cedex, France)

We have completed a paleomagnetic study of the
Grés de Chenaux of NW Algeria (31N,3W) near Beni
Abbes (97 samples, 13 sites). The localities
are on the Algerian platform south of any zone
of Mesozoic or Tertiary deformation. The
sequence grades downward without break into
fossiliferous Autunian and Stephanian shales.

The age is therefore probably Permian, possibly
early Permian. All samples have reversed mag-
netization, and a mean inclination of +11° cor-
responding to a paleolatitude of 5%3° S. Studies
by Daly and Pozzi, and Westphal et al of red snd-
stone, trachyandesites and rhyodacite from the
Moroccan Meseta (33N, 6W) yield mean inclinatiom
of -5° corresponding to a paleolatitude of 3%2°N.
The present separation of the localities in a
paleolatitudinal sense is about 4° and is con-—
sistent with the paleomagnetic results. As
always, there are uncertainties in dating the
rock sequences, but the results indicate that no
more than several hundreds of kilometres of move-
ment have occurred between the Moroccan Meseta
and NW Algeria. They also indicate that the
palecequator for Permian time passed between
these two regions. The paleceguator for North
America passed through the Maritime Provinces of
Canada and southwest to Arizoma. Thus the plac-
ing of the paleocequator between the Moroccan
Meseta and the platform of NW Algeria is inmcon-
sistent with N. Africa being situated south of
eastern N. America in the Permian. These new
data are consistent with a position for N.

Africa immediately south of Europe at.that time.
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FURTHER PALEOMAGNETIC RESULTS FROM MIDDLE PENN-
SYLVANIAN COALS, EASTERN AND SOUTHERN OHIO

R. C. Bartman
H. C. Noltimier (both at: Dept. Geology & Min-
eralogy, Ohio State Univ., Columbus, Ohio 43210
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Recent paleomagnetic study of Appa-
lachian coal from the Allegheny and
Conemaugh Series further refine the
stratigraphic base of the KMI. Data
from time equivalent strata in Colo-
rado and South Wales indicate four
brief normal polarity intervals act
as magnetostratigraphic markers in the

Westphalian B-D interval or its equi- =

yalent. One normal interval (M. Kit- 2

tanning) has been reported in Appa- H es

lachian coal measures. Six coal seams Z b
8 [we

were sampled of Alleghenian age (Cla-
rion; L., M. and U, Kittanning; L. and

U. Freeport) plus one coal and super-
jacent limestone of Conemaughan age —

(Wilgus, Cambridge ls.). All samples ure
were measured with an SCT magnetometer

and were subjected to AF and/cr_ ther- LF
mal demagnetization. Zijderveld dia- . ok

grams were used to isolate primary and:
secondary components. The Briden Sta-
bility Index (BSI) was derived for
each demagnetization interval. The
results confirm at least three normal oL
polarity intervals in the Alleghenian

Series, equivalent to the Westphalian

B-C interval (see figure). The re-

wmaining coals and the Cambridge 1s.

have reversed polarity. A study of

coal of Early Conemaughan age is in

progress (Westphalian C-D equivalent).

ALLEGHENY
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PALEOMAGNETIC STUDY OF THE MIDDLE AND UPPER OR-
DOVICIAN REFERENCE STANDARD CORE CA-38, MINERVA,
KENTUCKY

R, J. Stupp
H., C. Noltimier (both at: Dept. Geology & Minex-
alogy, Ohio State Univ., Columbus, Ohio 43210)

Core CA-38, recovered and boxed by Cominco Am-
erican in 1970, represents 1200 ft continuous
record of limestones and shales permitting de-
tailed study of the complete Kope 52
section and subjacent stratigraphic
units. It is the Middle and Upper
Ordovician standard for the eastern
Cincinnatian region (Sweet, Harper ° R i
& Zlatkin, 1974). We have examined
the upper 297 ft (Upper Ordovician 25 4
Maysvillian) for the geomagnetic po-
larity histoxry. 613 subcores were
removed at an average interval of
15 cm. 40 ft of Fairview, 240 ft of
Kope and 17 ft of Point Pleasant Fums 15
are represented. From the top 50 ft
24 pilot subcores were subjected to
AF cleaning to 90 mfl at 10 mT inter- b
vals. The remaining subcores were
cleaned at 30, 40, 50, 60 mT. The a5
BST was derived for each 10 mT in-
terval, maximum values (30.80) are
at 40-30 or 50-60 mT. The 50 mT po-
larity results are shown. Only po- —
larity reversals overlapping core 23 7
segments are used. Four zones of -
normal polarity in the lower Kope Fm
correlate reasonably well with ob-
servations of Panderodus gracilis. -
Intervals with inclinations near (° "3
are shown by hatching. The paleo-
latitude derived from the results 150~
lies between 10° and 12° South.
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PALEOMAGNETISM OF LATE CARBONIFEROUS COAL MEASUR-
ES IN ASTURIAS

A. E. Schwartzbard (Exxon Co. New Orleans, La.,
70112)

H. C. Noltimier (Dept. Geology & Mineralogy, Ohio
State Univ., Columbus, Ohio 43210)

F. H. Cramer (I.I.P., Box 244, Leom, Spain)

Argand suggested rotation of Iberia in 1924,
Geologic, paleomagnetic and marine magnetic stud-
ies have refined the concept to a stage of coun-
ter clockwise rotation (Jurassic-Cretaceous) fol-
lowed by compression (Early Tertiary) involving
intraplate displacements. We have studied the
coal bearing sequences of Asturias with palyno-
logic controls on each sample. 51 hand samples
were collected from 22 localities yielding 259
oriented cores of Namurian C through Stephanian C

. age. The samples are limestones, shales and coal

of all ranks. Most samples shew multiple phases
of magnetization corresponding with 3 phases of
tectonic deformation recognized in the Asturian
Arc -from Late Carboniferous through Cenozoic Per-
iods. Results suggest that four coal basins ro-
tated 409, 260, 419, 129 (weighted mean 259)
counter-clockwise and a normal polarity interval
occurs in Westphalian D coal in the Valderrueda
Basin., The diagram shows the normal polarity in-
terval, the specimens oriented with respect to
well defined shear planes striking NW, dipping NE
at 70° to the bedding.

#lgure 91 Plot of the madnaklc direction changer 6uring
* Ei2tatng Tor thm vaiderrueds Beain.
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TECTONICS and PALEOMAGNETISM in NW SICILY

B. d'Argenio (Geological Institute, University
of Naples)

R. Catalano (Geological Institute, University
of Palermo)

C.B. Grepor (Dept of Geology, Wright State
University, Dayton, Ohio L5L35)

A.E.M. Nairn (Dept of Geology, University of
South Carolina, Columbia, SC 2$208)

NW 5icily is essentially a part of the Tethyan
carbonate shelf that bordered northern Africa in
Mesozoic times. Starting at the end of the
Triassic this shelf broke into a series of tec—
tonic units represented in Sicily by 3 plat~-
forms and 2 intervening basins. These later rode
up on each other as they were transported to-~
wards Africa during the Miocene phase of the
Alpine orogeny.

The basinal sequences include volcanic rocks
of Late Triassic to Cretaceous age. A compil-
ation of paleomagnetic declinations from 25
sites in these (16 sampled by the present auth-
ors and 9 by A. Schult) shows a roughly fanlike
pattern stretching over about 100 km from E to
W and radiating southward from the general
direction of Palermo. Limestones of the Rosso
Ammonitico facies (Middle to Upper Jurassic)
yield directions that conform to the same gen-
eral pattern.
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PALEOMAGNETISM OF THE JURASSIC TWIN CREEK LIME-
STONE, WESTERN WYOMING

Chad McCabe

Bruce H. Wilkinson

Rob Van der Voo (all at: Dept. Geological Scien-
ces, Univ. of Michigan, Ann Arbor, MI.4810yv;.

As part of a paleomagnetic, rockmagnetic and
petrographic investigation of numerous limestone
units, the Twin Creek Formation was sampled from
folded strata in the Wind River block and in the
overthrust belt of western Wyoming. Alternating
field demagnetization between 30 and 60 milliTesla
reveals a characteristic direction which clusters
well after structural correction. The calculated
pole near 70°N, 147°E from 6 site-mean poles (ags
= 14°) agrees well with other Jurassic poles for
North America. A fold test is not possible until
further sampling is done; however, a tectonic
breccia was sampled and the directions were nearly
random. It is concluded that the Twin Creek Forma-
tion is suitable for paleomagnetic study, based
on traditional reliability criteria such as the
conglomerate test. We are currently investigating
whether the magnetic carrier, preliminarily iden-
tified as magnetite, is a depositional or an
authigenic phase.

This page may be freely copied
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VISCOUS REMAGNETIZATION AND SUSCEPTIBILITY
ANISOTROPY OF HELVETIC LIMESTONES

Roy Kligfield
J.E.T. Channell (both at: Institut fiir Geophysik,
ETH HOnggerberg, CH 8093 Ziirich, Switzerland)

The Helvetic limestones, widely distributed
in the Alps, are Jurassic and Cretaceous in age,
and were deposited in shallow seas on the north-
ern margin of the Mesozoic Tethys. Fold tests
demonstrate that the NRM after cleaning post-
dates the Miocene folding. Monitored acquisition
of VRM in the laboratory indicates that the ’
intensity of the NRM can be accounted for by the
build-up of VRM during the Brunhes epoch. Alter-
nating field demagnetization of the VRM produced
in various times (T) indicates that the alter—
nating fields required to destroy the VRM are
proportional to {Log T). The acquisition and
blocking temperature of the IRM suggest that
haematite may be the carrier of the VRM. In thin
and polished sections, haematite aggregates after
pyrite are often sealed by later growth of
micrite, indicating early (diagenetic) growth of
haematite. Moreover, a sedimentary (compaction)

* magnetic susceptibility fabric is apparent after

tectonic correction in the less deformed nappes,
indicating that the magnetic mineral was present
before compaction was complete. In more deformed
nappes, the sedimentary fabric is progressively
modified by deformation, as the maximum / inter-
mediate susceptibility (elongation) planes of
the magnetic grains align themselves perpen-
dicular to the compression direction (indicated
by grouping of minimum susceptibility axes).
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PALEOMAGNETISM OF JURASSIC MICRITES FROM THE JURA
MOUNTAINS, SWITZERLAND

R. Johnson

Rob Van der Voo {both at: Dept.Geological Scien-
ces, Univ. of Michigan, Ann Arbor, MI.48109).

W. Lowrie (Institut flr Geophysik, ETH-H8ngger-
berg, CH-8093 ZURICH, Switzerland}.

Weakly magnetized massive micrites (of Bajocian
through Kimmeridgian age) from the Swiss Jura
Mountains yield two stable paleomagnetic direc-
tions. One magnetization ('A' direction) is para-
11el to the present-day field prior to structural
correction and fails the fold test. The other
magnetization ('B' direction) is approx. Declina-
tion D=10°, Inclination I=+45°, after structural
correction and passes the fold test. AF and ther-
mal demagnetization, IRM acquisition, and optical
examinations veveal the differences between the A
and B type magnetizations. The A type has coerci-
vities > 100 mT, blocking temperatures generally
< 250°, and its IRM does not reach saturation in
1.3 Tesla. It is thought to reside in goethite.
The B type has coercivities from 5 to 40 mT,
persists in thermal demagnetization up to 400°C,
and reaches saturation below 0.3 Tesla, It is
concluded that the pre-folding magnetization
resides in magnetite and is probably of primary
(depositional) origin. The goethite may have
formed by alteration of pyrite during late dia-
genesis after the Late Miocene-Early Pliocene
folding and during subsequent erosion and karsti-
fication.
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PALAEOMAGNETISM OF UPPER CRETACEOUS LIMESTONES
FROM THE MUNSTER BASIN, GERMANY

F. Heller
J.E.T. Channell (both at Institut fir Geophysik,
ETH Honggerberg, CH 8093 Zirich, Switzerland.)

Three ferromagnetic minerals: magnetite,
haematite and geothite have been identified in
the marly limestones of the Minster basin., The
blocking temperature and coerxcivity spectra
indicate that these three minerals contribute
to the NRM and IRM in varying proportions for
different sampling 'sites, The magnetite magnet-
ization component is considered to be primary,
having the same age as the palaeontological
age of the limestone. This is confirmed by two
positive fold tests which indicate that the
magnetite magnetization component pre-dates
latest Cretaceous folding. The age of the higher
coercivity magnetization components carried by
goethite and haematite remains ambiguous partly
because no suitable fold tests could be conduct-
ed. There is however thin-section evidence that




GP :

the goethite occurs after pyrite, and that the
haematite is a subsequent dehydration product
of the geothite. The haematite magnetization
directions are usually significantly different
from those attributed to magnetite.

The magnetite magnetization components were
isolated for 191 samples from 9 sites, The mean
pole position (Lat:75.8, Long:181.1,% .:3.8) is
one of the first Cretacecus poles from stable
Europe and differs somewhat from Irviné's,(1977
time-averaged poles for Eurasia which rely
heavily on data from Siberia and may be biased
by data taken from orogenic belts (Caucasus).
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CRETACEOUS POLE POSITIONS FOR VOLCANIC AND

INTERBEDDED SEDIMENTARY UNITS OF PREVIOUSLY
UNDETERMTNED AGE FROM NORTHWESTERN SONORA,

MEXICO

X. Kluger Cohen
T, H. Anderson

V. A, Schmidt (all at: Dept. of Geology and
Planetary Sciences, Univ, of Pittsburgh,
Pittsburgh, PA 15260)

Voleanic and interbedded sedimentary units of
undetermined age, but believed to be Cretaceous,
were sampled at two localities in northwestern
Sonora, Mexico for palecmagnetic purposes. One
sampling site was located 45 ¥m southwest of -
Caborca, Sonora and lies south of an inactive
transform fault (1,2) that has been proposed to
extend northwest - southeast from southern
California to the Gulf of Mexico. The transform
may have recorded-800 km of sinistral displacement
during Mid- to Late Jurassic time. The second
site was located north of the proposed transform,
30 k- east of Caborea, Sonora.

Preliminary results from demagnetized samples
from the site south of the transform show a
pole position well in agreement with North
American Cretaceous paleopoles. Demagnetized
samples from the site north of the transform
show a similar North American Cretaceous pole,

These preliminary results appear to.establish
the age of these units as Cretaceous. In
addition, if the transform fault did exist in
this area, gross movement along the fault ceased
by the time of extrusion and deposition of these
sampled units in Cretaceous times. -
(1)8ilver, Leon T. and Anderson, T. H., 197k

Pogsible left-lateral early to middle Meso-

zolc disruption of the southwestern North

American craton margin: Geol. Soc. Amer.

Abstracts with Programs, v. 6, no. 7, p. 955.
(2)Anderson, T. H. and Schmidt, V. A., 1978,

Mesozoic crustal evolution of Middle America

and the Caribbean: Geological Considerations:

EOS v. 59, no, L, p. Lok,
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A PALEOCENE POLE POSITION FOR NORTH AMERICA

D._Jacobson

M.E. Beck, Jr. (both at Department of Geology,
Western Washington University, Bellingham, WA.
98225)

J.F. Diehl (Mich. Tech. Inst., Houghton, MI.
49931) -

B.C. Hearn, Jr. (U.S. Geological Survey, Reston,
VA. 22092)

The Moccasin, Judith and Little Rocky Mountains
are intrusive structures which partially com-
prise the petrographic province of Central Mon-
tana. Geological mapping shows them to be sub-
stantially undisturbed since emplacement. Ex-
tension fission track and K/Ar dating by U.S.G.S
personnel yield a Paleocene age (68-60 m.y.).
Thirty-eight paleomagnetic sties consisting of
328 oriented specimens were collected; 14 sites
from the Moccasins and Judiths (MJ) which are
closely contiguous, and 24 from the Little Rock-
ies (LR) some 90 km away. The mean MJ virtual
geomagnetic pole (VGP) is located at 144.4° W.
long., 77.8° N. lat. with a circle of 95% con-
fidence («95) of 7.9°. The combination of VGPs
from 24 LR sites locate a pole position at
196.1° W. long., 78.9° N. Tat. with an a95 of
6.8°. As the circles of confidence overlap for
these two pole positions, VGPs of all sites were
combined to yield a Paleocene pole position for
North America at 176.2° W. long., 79.6° N. lat.
with an «95 of 5.3°. This pole position en-
hances the apparent polar wandering path of
North America for a critical period of its his-
tory.
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PALEOMAGNETIC RESULTS FROM EARLY EOCENE INTRU-
SIVE ROCKS, NORTH-CENTRAL MONTANA —— IMPLICATIONS
FOR NORTH AMERICAN APPARENT POLAR WANDERING

J. F. Diehl

S. Beske-Diehl (both at: Dept. of Geology and
Geological Engineering, Michigan Tech. Univ.,
Houghton, MI 49931)

M. E. Beck, Jr. (Dept. of Geology, Western
Washington University, Bellingham, WA 98225)

B. C. Hearn (U.S. Geological Survey, Reston,
VA 22092)

Paleomagnetic results from the Early Eocene
intrusives of the Bearpaw and Highwood Mtns.,
north-central Montana, yield two well-defined
points on the apparent polar wandering path for
cratonic North America. Twenty-three sites were
drilled from the central core of the Bearpaw
Mtns. (54-50 m.y.b.p.), and after magnetic clean-—
ing sixteen sites (145 samples) passed strict
reliability criteria yielding a paleomagnetic
pole at 80.3°N, 200.9°E (ass = 6.4; kappa =
34.0). In the Highwood Mtns. (53-49 m.y.b.p.),
thirty-seven sites were drilled with twenty-nine
sites (225 samples) meeting rellability criteria
after demagnetization. These twenty-nine sites
give a paleomagnetic pole located at 81.3°N,
162.5°E (ogs = 7.1; kappa = 15.3). Both poles
at the 95% confidence level are statistically
the same and distinct from the present day rota—
tional axis.

The above results when combined with the Eocene
pole from the Absaroka Mtns., Wyoming, and the
recalculated Eocene Rattlesnake Hills (Wyoming)
pole yield a mean Eocene (54-43 m.y.b.p.) paleo-
magnetic pole at 81.9°N, 176.5°E (095 = 3.4;
kappa = 711.2). These data, when compared to
Paleocene results from north-central Montana,
the Cretaceous still-stand poles, and the well
grouped Mid-Tertiary poles from the continental
interior, suggest that for North America apparent
polar wandering for at least the last 90 million
years occurred as a succession of rapid shifts
of the geomagnetic pole followed by quasi-static
periods.
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PALAEOMAGNETIC RESULTS FROM A LATE
TERTIARY-QUATERNARY VOLCANO IN
NORTHERN BRITISH COLUMBIA

M.E. Evans (Institute of Earth and
Planetary Physics, Department of
Physics, University of Alberta,
Edmonton, Alberta, Canmada T6G 2J1)

T.S5. Hamilton (Geology Department,
University of Alberta, Edmonton,
Alberta, Canada T6G 2E3)

Samples spanning a composite section
of more than 1000 m have been collected
from 50- separate cooling units from
Level Mountain - an uppermost Tertiary
to Quaternary continental shield
volcano in northwestern B.C. Most
sites carry a stable remanence which
can be determined with high precision
(Fisher's precision parameter k gene-
rally exceeds 100). These site means
record a series of at least 14 magnetic
polarity zones, and include several
low-latitude VGP's that represent
polarity transitions or geomagnetic
excursions. Filtering out sites with
low-latitude VGP's (N=5) and high
internal scatter (N=7) leaves 38 site
means, 24 of which have normal polarity
and 14 of which are reversed. The
average normal direction does not differ
significantly from the inverted rever-
sed direction, and the overall mean
yields a paleopole at 256E, 85N (Ags5=7°)
The circle of confidence includes the
spin axis but the mean itself is
slightly near-sided and thus lends no
support to Wilson's eccentric dipole
model. Instead near-sidedness seems
to be a persistent characteristic of
poles obtained from western North
America, suggesting that a long-term
non-zonal anomaly may be present.
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0-11 MY PALEOMAGNETIC POLAR WANDER RESULTS FROM
CENTRAL PACIFIC ORIENTED SEDIMENT CORES

S.R. Hammond (National Ocean Survey, NOAA,

Rockville, MD 20852)

F. Theyer

E. Herrero-Bervera (Both at: Hawaii Inst. Geo-
physics, University of Hawaii, Honolulu, HT
96822)

Apparent polar wander results have been par—
ticularly useful in helping to determine the
tectonic histories of crustal plates having ex-
tensive subaerial exposures, but there are
generally fewer such results available for pre-
dominantly oceanic plates. Azimuthally oriented
deep-sea cores, however, provide a means whereby
apparent polar wander paths can be,paleomagneti-
cally determined in such regions. Using paleo-
magnetic data from four oriented, chronological-
ly~successive sediment cores from the central
equatorial Pacific, we resolved a sequence of
polar positions at 1 MY intervals from 11 MYBP to
the Present. While some of these positions are
undoubtedly attributable In part to artificial
error, {e.g., unrecognized coring induced dis-—
turbance to the sediments) most appear to have
been systematically influenced by movement of
the Pacific plate. Since these initial results
are based on relatively few data, any rigorous
comparison with other Pacific plate motion
solutions is not justified; the presemnt results,
however, do appear to be consistent with earlier
magnetic studies of north Pacific seamounts,
Although it will be possible to confirm and
extend these results into the Eocene and Miocene
using existing oriented cores, the anticipated
ability to recover azimuthally oriented cores
with DSDP's hydraulic piston corer will allow
such work to be carried out in sediment
sequences well beyond the reach of conventional
piston corers.
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PALEOMAGNETIC RESULTS FROM TRUK LAGOON,
WESTERN PACIFIC OCEAN

Barbara H. Keating

4 Helsle:
E, Herrero-Bervera
J. Thompson

J. Naughton (Hawaii Institute of
Geophysics, University of Hawaii, 2525
Correa Road, Honolulu, Hawaii 96822)

Paleomagnetic studies were conducted on

*eight islands within Truk Lagoon (part of the

Caroline Islands, in the western Pacific). A
total of 52 extrusive and intrusive rock
units were sampled. Of these, 19 produced
reliable results and yielded a pole position
of 336.0°E, 81,6°N.; #95 = 9,8. The paleo-
latitutde is consistent with equatorial
formation of the islands and subsequent
northward motion of the Pacific plate.. Both
normal and reversed polarity was found, X-Ar
age determinations from these sites yield
ages of 14-19 million years,
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PALEOMAGNETISM OF LINE ISLANDS SEAMOUNTS

Wn, W. Sager, Hawaii Institute of Geophysics,
Honolulu, Hawaii, 96822 :
B. H. Keating, Hawaii Institute of Geophysics,
Honolulu, Hawaii, 96822

Nine seamounts in the Line Islands (18°N to
1208, 170°W to 150°W) were surveyed in the fall
of 1979 for paleomagnetic studies. ~The magnetic
survey data was contoured after removal of the
IGRF a$ well as diurnal variations. The diurnal
corrections were based on magnetic observatory
records from Honolulu and Papeete, Tahiti and
a temporary equatorial base station on Christmas
Island.

Results to date suggest that there were at
least two periods of seamount formation, one of
which was in the late Cretaceous. Watkins
seamount, at 17°25'N, 169°20'W gives a paleo-
magnetic pole position of 700N, 13°E, close to
other Cretaceous Pacific seamount pole positions
(as reported in Harrison et al., 1975). This
pole indicates 20° of northward drift since the
formation of the seamount. .
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LEAST SQUARES ANALYSIS OF MULTICOMPONENT PALEO-
MAGNETIC DATA: EXAMPLES FROM THE PRECAMBRIAN
GUAYANA SHIELD.

T. C. Onstott (Department of Geological and
Geophysical Sciences, Princeton University,
Princeton, N.J. 08544)

Progressive alternating field and thermal
demagnetization data on rock samples collected
from the Venezuelan Guayana Shield were analyzed
using several least squares methods:

1) Single component lines and two component
'remagnetization circles' were fitted to demag-
netization data by a resistant stepwise proce-
dure which employs an iteratively bisquare
weighted linear least squares matrix.

2) An iterative weighted nonlinear least
squares function which assumes Jlog-normal
distributions for the coercivities and blocking
temperatures was used to evaluate the approx-
imate blocking temperature and coercivity
spectra while simultaneously solving for the
directions of the different components.

3) An iterative cubic spline was used to
smooth demagnetization data before applying
regression methods 1) or 2).

The most favorable results wére usually
obtained by the first method when the overlaps
in coercivity and blocking temperature distri-
butions were small. When these overlaps were
larger, the second method tended to give closer
fits. Better results were obtained from 'noisy'
data with the third method than with the first
or second methods alone. Q-mode factor analysis
proved quite successful in grouping the dif-
ferent remanent components at the site level and
calculating their mean directions,
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PALEOMAGNETIC RESULTS FROM SEDIMENTS OF THE

TIMISKAMING GROUP AND THE BLAKE RIVER GROUP,
ABITIBI GREENSTONE BELT

A.M. Tasillo (Department of Geology, University
of Toronto, Toronto, Ontario, Canada M5S 1A1)
J.W. Geissman
D.W. Strangway
L.S. Jensen {Ontario Geological Survey,
77 Grenville, Toronto, Ontario,Canada M5S 1B3)

Paleomagnetic data from cobbles in a conglom-
erate of the Timiskaming Group, overlying the
Blake River Group(BRG)(Jensen, 1979)', give a
positive conglomerate test. Cobbles derived from
trachytic volcanics and volcanics of the BRG and
Kinojevis Group display dispersed directions of
magnetization. Directions from the matrix mater-
ial of the conglomerate are well-grouped, with a
mean in situ direction of magnetization of
0=317.67, 1=68.1%, as5=8.1°, k=21.4(n=15 speci-
mens from 4 samples). Upon correcting for
structure, the antipodal direction is in good
agreement with those from slightly younger
Matachewan dikes which cut Kinojevis and
Timiskaming units farther to the west. A paleo-
magnetic study (93 samples, 27 sites) was done
on calc-alkaline volcanics and hypabyssal intru-
sives of the BRG, dated at 27032 My(Nunes and
Jensen, 1980)2. Both single- and multi-compo-
nent magnetizations are present; there is a
poor consistency of in situ directions, e.q.
D=346.30, 1=78.00, 095=14.5 (N=93 samples), for
vectors displaying a linear decay to the origin
in vector analysis. Weak- intepsities of rem-
anent magnetization (e.g., 10~% to 10-5 Am'T) in
some cases prevented resolution of a linear decay
of a component of magnetization. The in situ mag-
netization data do not agree with thoSe from
Matachewan dikes, implying that the Matachewan
event did not cause pervasive overprinting. Mag-
netization data within individual cobbles of BRG
Tithologies in the Timiskaming conglomerate are
as dispersed as the in situ data from the BRG
itself.

1 Ont. Geol. Survey M.P. 90, 64-69.
2 Ont. Geol. Survey M.P. 92.
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PALEOMAGNETISM OF THE PRECAMBRIAN UNITS OF THE
GUAYANA SHIELD, VENEZUELA. !

R. B. Hargraves

T, C. Onstott {both at Department of Geological
and Geophysical Sciences, Princeton University
Princeton, N. J. 08544).

Paleomagnetic study of 300 samples (49 sites)
representing five major stratigraphic units
(2.1 to 1.5 Ga) give the following results:

1) two or more components of magnetization
could be isolated by thermal and alternating
field demagnetization.

2) the more stable components present in
the metamorphic units were probably acquired
during post-orogemic uplift at 2.1 to 1.8 Ga.

3) the more stable componments present in
the intrusive units are most likely primary TRMs
acquired at 1.7 to 1.5 Ga.

4) despite the broad time span involved the
corresponding site-poles are closely grouped.

5) the less stable secondary directions
observed in the metamorphic and intrusive
units probably represent partial remagnetization
during the low-grade Nickorie metamorphic
episode dated at 1.2 Ga.

The following conclusions are drawn from
comparisons with African data:

1) agreement with the African Precambrian
paleomagnetic data is better when South America
is restored to its pre-drift position.

2) the more stable component site-poles, which
after rotation straddle the equator east of
Africa (20°N to 20°8 and 50°E to 90°E),
still remain significantly different from
the African polar wander path, particularly the
well-established 2060 Ma to . 1880 Ma segument.

3) the rotated secondary site-poles fall
close to the African polar wander path for
1.2 to 1.0 Ga. This latter correlation would
suggest that Africa had become joined to South
America by 1.2 Ga and would be consistent
with an ensialic origin for the Rokelides
Pan African belt. A preliminary Precambrian
polar wander path for South America will be
presented.
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PALEOMAGNETISM AND LATE PRECAMBRIAN EVOLUTION OF
THE NORTH AMERICAN -CORDILLERA

Michael 0. McWilliams (Dept. of Geophysics, Stan-
ford University, Stanford, CA 94305)

A synthesis of the available middle and late
Proterozoic data from the Siberian platform and
North America supports the suggestion of Sears
and Pricel that these two continental masses were
juxtaposed in the middle Proterozoic and were
rifted apart in the late Proterozoic. However,
rather than placing the Siberian Platform west
of the present-day United States, the data sug-
gest that it lay to the north, west of the late
Proterozoic rifted continental margin of north-
western Canada. A proposed mid-late Proterozoic
APWP for Africa is very similar to the North
American APWP for that interval, supporting the
contention of Pipers that Africa lay to the west
of North America in Proterozoic times. A model
is developed in which Africa and the Siberian
Platform comprise the 'unknown' continent which
rifted away from western North America to ini-
tiate the Cordilleran geosyncline. After initial
rifting, the Siberian Platform moves off to its
eventual collision along the Urals, while Africa
moves independently of the Siberian Platform and
collides with East Gondwana along the Mozambique
belt in latest Precambrian - early Paleozoic times.
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PALEOMAGNETISM OF THE CAMBRIAN UNICOI BASALTS,
BLUE RIDGE, TENNESSEE AND VIRGINIA.

P.Brown

Rob Van der Voo {both at: Dept. of Geological
Sciences, Univ. of Michigan, Ann Arbor, MI.
48109).

Paleomagnetic samples of amygdaloidal basalts
of the Lower Cambrian Unicoi Formation of the
Chilhowee Group have been collected in NE Tennes-
see and SW Virginia. Progressive thermal and
alternating field demagnetization yielded two
directions of magnetization. The direction
removed last is interpreted to be primary and
has a westerly declination and shallow inclina-
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S.L. Gillett (Dept. of Earth & Space Sci., State

tion after unfolding. This direction yields -a
paleopole in the western Pacific.near the equator
which fits the North American Cambrian apparent
polar wander path. The other magnetization, which
is removed at intermediate temperatures or coer-
civities, has a southeasterly declination and an
intermediate positive inclination before unfold-
ding. This direction corresponds to Ordovician -
Silurian North American paleopoles. Therefore,
the magnetization is interpreted to be acquired
after the (Taconic) folding.
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PALEOMAGNETISM OF THE CREPICEPHALUS-APHELASPIS
ZONE BOUNDARY (UPPER CAMBRIAN) IN NORTH AMERICA
~=-DIVERGENT POLES FROM ISOCHRONOUS STRATA

Univ, of New York, Stony Brook, NY 11794)
D.R. Van Alstine (Sierra Geophysics, 150 Noxrth
Santa Anita Ave., Arcadia, CA 91006)

The scatter of paleomagnetic poles from the
Cambrian of North America has been variously
attributed to remagnetization, tectonic rota-
tion, rapid apparent polar wander (APW), or non-
dipole behavior. Abrupt changes between suc—
cessive trilobite faunal units ("biomeres" of
Palmer, 1965) define several Cambrian timelines
{(duration perhaps 104y); such horizons provide
precise time control to test these hypotheses.
The Crepicephalus-Aphelaspis zone boundary
(middle Dresbachian), one such horizon, has been
sampled ‘at 2 sites in Tennessee (N[samples]=29
& 48), 2 in Nevada (N=28 & 47), and 1 in Utah
(N=25); the upper Aphelaspis zone has also been -
sampled in Alberta at 1 site (N=51). .All sites
are in thrust belts; vertical-axis rotations of
15-25° are shown by between-site declination
differences in both Nevada and Tennessee. Sim-
ilar rotations can be Qemonstrated in Alberta by
declination differences in Middle Cambrian
strata. In turn, paleopoles from all middle
Dresbachian sites diverge from cratonic poles
from Texas (Watts et al., 1980) which also span
this interval. " These discrepancies can be
explained by remagnetization or by tectonic
rotations of up to 45° with respect to the craton.
A divergent pole from Dresbachian strata in
Arizona (Elston & Bressler, 1977) might also be
rotated but probably reflects remagnetization;
another pole from Missouri (Beales et al., 1974)
is aberrant 'and may also reflect remagnetization,
Probably much of the scatter in Lower Paleozoic
poles from North America results from vertical-
axis tectonic rotations and/or remagnetization.
The extent of rotations and remagnetization must
be established before inferences about APW or
non-dipole behavior can be made.
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PALEQMAGNETIC INVESTIGATION OF THE UPPER CAM-
BRIAN POTSDAM GROUP SANDSTONES, ST. LAWRENCE LOW-
LANDS, QUEBEC.

Maurice K.-Seguin, K.V. Rao, P. Arnal (Laborato-
ry of paleomagnetism , Department of Geology,
Laval University, Quebec, GIK 7P4).

Some 332 oriented cores were collected at 29
sites from the gently dipping sandstones of the
Covey Hi1l (uppermost Middle Cambrian) and over-
1ying Chateauguay (Upper Cambrian) Formations of
the Potsdam Group exposed in the vicinity of
Montreal. The majority of site-mean NRM direc-
tions are widely scattered with intensities 1072« {
10-3 Am-1 and are far displaced from present
field direction reflecting the occurrence of low
and high coercivity components of magnetization.
The NRMs of sandstones were analyzed by means of - ’
pilot AF and thermal demagnetization tests. The
more effective thermal treatment on selected
samples from the Covey Hill Formation revealed
the presence of antiparallel normal and reverse
polarity directions at high temperature steps
600-6500C characterized by a mean magnetization
around 3369, 4179 with a corresponding paleopole
at 48N, 143E. AF and thermal treatments on the
Chateauguay sandstones gave a consistent, single
and stable component of magnetization at 2600,
-8 with a paleopole of 10S, 160E. Isothermal
remanence acquizition experiments at room tem-
perature indicated the presence of magnetite and
hematite as the carriers of magnetization in
the Covey Hil11 sandstones while only magnetite
was found in the Chiteauguay samples.
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PRELIMINARY PALEOMAGNETIC RESULTS FROM LATE EARLY
ORDOVICIAN RED SHALE UNITS IN TACONIC ALLOCH-
THONS, EASTERN PENNSYLVANIA

K. P. Kodama

G. G. Lash (both at Department of Geological
Sciences, Lehigh University, Bethlehem, PA
18015)

Structural and stratigraphic mapping of Taconic
allochthons in eastern Pennsylvania indicates a
mixed terrain of tectonic blocks and slices. Geo-
logical reconstructions suggest that slices of
chert, deep-water limestone, and red shale (late
Early Ordovician) were emplaced into graywacke
and shale (Middle Ordovician) during southeast~
dipping subduction along the east coast of the
North American craton. To test this hypothesis,
10 paleomagnetic sites were taken from the red
shale units and the graywackes. NRM's from the
graywacke sites had scattered directions and weak
intensities and were not studied further. Pro-
gressive thermal demagnetization (8 steps up to
640°C) of 10 samples from four red shale sites
indicate that only two sites (total of five sam—
ples) had stable final demagnetization directions
based on Zijderveld plots.The mean site direc-—
tions (I=5.1, D=256.4, Og5=4.5, n=3; I= -8.7,
D=164.8, Og5=7.2, n=2) suggest (1) small-scale
tectonic rotations between blocks in accord with
the structural mapping of the area (2) low paleo-
latitudes (within 5° of the equator) for the
magnetization position of these units. Further
studies are being carried out to substantiate
these preliminary results; however these data
suggest that North America was at least as far
north as indicated by Watts and Van der Voo's
{1979) Mocassin-Bays Middle Ordovician pole and
not as far south as suggested by their Chapman
Ridge pole.
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PALECMAGNETISM OF FOLDED LOWER PALEOZOIC SILLS
OF THE AVALON PENINSULA, NEWFOUNDLAND

J.P. Hodych (Departments of Physics and Geology,
Memorial University of Newfoundland, St. John's,
AlB 3X7)

R. Patzold (Geomagnetic Research Laboratory,
Department of Physics, Memorial University of
Newfoundland, St. John's, AlB 3X7)

Diabase sills intrude Upper Cambrian sediments
at Pt. Lance, St. Mary's Bay. The sills are
thought to be Upper Cambrian and must predate
the probable Devonian age of folding of the
sills and sediments. (K-Ar isochron dating by
A. Hayatsu is in progress.) Demagnetizing the
diabase uncovers a.pre-folding remanence at the
six sites studied (three on each limb of a
large syncline). The resulting virtual paleo-
pole will be compared with lower Paleozoic
paleopoles for North America and the British
Isles.
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PALEOMAGNETISM OF SOME EARLY PALEOZOIC INTRUSIVE
ROCKS IN THE SOUTHERN APPALACHIAN PIEDMONT

L. Brown

C. Barton (both at: Department of Geology/
Geography, Univ. Massachusetts, Amherst,
MA 01003)

Paleomagnetic samples of late Precambrian to
8ilurian age intrusive rocks were collected in
a traverse through the North Carolina Piedmont
province. Characteristically the most stable
results come from samples of the eastern part
of the province where data show single component
magnetization directions.

Metasills in the Carolina Slate Belt give a
pole position of 27°N, 103°E (alpha 95 = 6.4).
These sills have early Paleozoic ages but have
been metamorphosed in a later (Acadian) event.
This pole is in close agreement with poles for
Acadia in the Devonian. Another pluton in the
Carolina Slate Belt, the West Farrington, yields
a pole position that is not similar to those of
the North American craton or the Acadian block.

Metamorphic bodies in the Inner Piedmont and
the Blue Ridge appear to have a dominant Taconic
metamorphic imprint. A metagabbro in the Bakers-
ville area of the Blue Ridge gives a pole
position similar to the mid-Ordovician pole for
Worth America. Preliminary results from the
High Shoals gneiss of the Inner Piedmont indi-
cate a bimodal distribution of directions
and a pole position that implies a younger than
Taconic age.
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PALEOMAGNETISM OF SOME LATE PALEQZOLC INTRUSIVE
ROCKS IN THE SOUTHERN APPALACHIAN PIEDMONT

C. Barton

L. Brown (both at: Department of Geology/
Geography, Univ. Massachusetts, Amherst,
MA 01003)

The Piedmont province is generally divided
into several northeast-southwest trending belts.
Each belt had its distinetive history but the
evolutionary history and relationship of these
zones to each other and to Appalachian plate
motions remains speculative. In order to
provide new information about the evolution of
the Piedmont region reconnaissance sampling
and paleomagnetic analysis of intrusive rocks
in four of the Piedmont zones was completed.

Results from an early Carboniferous (326%27
m.y.) pluton located in the Carolina Slate Belt
of North Carolina indicate a pole position
similar to that of the stable North American
craton for the lower Carboniferous. Five sites
in the Pee Dee gabbro and the Lilesville
granite give a pole of 40°N, 134°E (alpha 95 =
2.8). This data puts an upper age limit of
lower Carboniferous on the implacement of the
Carolina Slate Belt. Another late Paleozoic
pluton, the Churchland granite, located in the
Charlotte Belt gives scattered directions after
repeated AF demagnetization. At 40 mT a
northern component is evident and work is in
progress to further isclate this direction.
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PALEOMAGNETIC RESULTS FROM NORTHERN MAINE AND
THEIR BEARING ON DISPLACED TERRAINS

D.J. Spariosu
D.V. Kent (both at: Lamont-Doherty Geological

Cbsexrvatory and Department of Geological Sciences
of Columbia University, Palisades, New York
10964)

Recently reported paleomagnetic data from Lower
Devonian rocks in northeastern Maine suggest this
area was displaced with respect to Laurentia.
Oriented samples (96) were collected at 16 sites
for paleomagnetic study from the Traveler felsite
to further define the tectonic history of the
region.

Characteristic magnetizations of both N and R
polarity were isolated by alternating field and
thermal demagnetization analyses. After correc-
tion for structural tilt, the mean directions for
both the N and R sites become antiparallel al-
though the overall dispersion does not change
significantly. Inverting the directions of the
R sites gives a formation mean of D=25°, I=-20°
(K95=11°) which corresponds to a paleomagnetic
pole at Lat.=29°N., Long.=82°E. (dp, dm=6°, 11°).
This paleopole does not fall near other poles
from the Acadian displaced terrain and is about
50° different, primarily in longitude, from the
pole of the nearby Dockendorf Group which is of
similar age and lithology. However, no paleo-—
magnetic data of similar age are available from
cratonic North America for comparison. Current
work on later Devonian and Lower Carboniferous
rocks in the same area should help resolve the
significance of the Lower Devonian results.
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Paleomagnetic studies in the Avalon zone of Cape
Breton Island, Nova Scotia.

K.V. RAO, and MAURICE K.- SEGUIN (Paleomagnetic
Laboratory, Department of Geology, Laval Uni-
versity, Quebec, GLK 7P4).

E.R. DEUTSCH (Geomagnetic Research Laboratory,
Memorial University of Newfoundland, St.John's
Newfoundland, A1B 3X7).

As a part of a major program aimed at studying
the Paleomagnetism of the Avalon zone in Cape
Breton Island, 90 oriented hand samples were col-
lected at 18 sites from radiometrically well da-
ted granitic plutons. Published K-Ar and Rb-Sr
age determinations show the existence of two ge-
nerations of granites with mean values of 560 m.
y. (Avalonian orogeny) and 350-410 m.y. (Acadian
orogeny) respectively. Oriented sampling was
concentrated on 10 sites of the younger suite in
the northern highlands and 8 sites of the older
suite mainly in the central part of the island.
The NRM site-mean directions for both generations
of granites show large scatter and are signifi-
cantly different from the present field direction.
Extensive pilot AF demagnetizations on more than
50 specimens from the younger suite of granites
led to stable directions at given sites and
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yielded single characterestic remanence direc-—
tions with corresponding poles as follows: 58,
133E; 318,77E; 59S,95E; 38%S, 168E and 25N, 923E
which are in fair agreement with contemporaneous
Siluro-Devonian poles from the New Brunswick and
Newfoundland Appalachians. Since the characte—
restic remanence directions obtained on the young-
er granites are always present as soft secondary
components in the older granites, AF treatment
was used to isolate an average high coercive for-
ce magnetization direction at 315,+10. Confi-
dence that this residual component is primary is
based on its high coercive force and on the ab-
sence of a major post-Avalonian tectonic event
other than the Acadian orogeny. The stable di-
rection corresponds to a paleopole at 33N,177E
as compared with a published pole at 5N,172E for
the possibly contemporaneous Cloud Mountain Ba-
salts from Western Newfoundland. The discordan-—
ce between the pole positions is compatible with
the existence of an open Proto-Atlantic ocean.
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PALEOMAGNETISM OF SOME MISSISSIPPIAN SEDIMENTS
OF EASTERN MISSOURI

S.A. Vincenz

. Joharifard (both at: Dept. of Earth &
Atmospheric Sciences, Saint Louis University,
St. Louis, MO 63156)

A collection has been made from the St. Louis
and Salem formations of Upper Mississippian in
the St. Louis area, Eastern Missouri. Although
the beds are mostly flat lying, they have been
gently folded in some localities, allowing
application of the fold test., The rocks
sampled were limestones and sandstones with
NRMs ran%ing in magnitude from 10-8 to 1053
emu, cm™>. Typical paleomagnetic pole positions
obtained after AF cleaning were 1359, 35.60N,
dp = 1.8%, dm = 1.9° (positive pole), 114,29,
29.1°N, dp = 17.1°, dm = 6.1° (positive pole)
and 210.5°, 68.0°N, dp = 12.3°, dm = 6,19
(negative pole). The latter clearly reflects
a contribution to the magnetization by the
present day geomagnetic field while the former
two are not unlike the Carboniferous pole
positions obtained from the eastern and
western parts of the American continent
respectively. The data are at the moment too
scarce to arrive at some definite conclusions,
but extensive studies covering a wider area
are being continued.
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GREAT GLEN FAULT: 2000 KM SINISTRAL DISPLACEMENT
DURING THE CARBONIFEROUS

Rob Van der Voo (Dept.Geological Sciences, Univ.
Tchigan, Ann Arbor, MI.48109)
Christopher R.Scotese (Dept. Geophysical Sciences
Univ. of Chicago, Chicago, IL.60637)

Late Devonian paleomagnetic data from North
America and Europe indicate that a 20° sinistral
displacement occurred between these two conti-
nents; this movement ended before the Early Per-
mian, for which the reconstruction of Bullard et
al. (1965) appears to be valid. Since the Lewisi-
an basement in NW Scotland and the basement of
Greenland have strong geological affinities, the
fault{s) responsible for the displacement is (are)
Tikely to be further south. Published character-
istic directions from Middle and Late Devonian
rocks Tocated in the Orcadian Basin of N.Scotland
give a mean pole near 50°N, 150°E. When corrected
for the opening of the present-day Atlantic Ocean
this pole {near 50°N, 112°E) is in excellent
agreement with Middle and Late Devonian poles for
cratonic North America. A comparison of the Orca-
dian mean pole with results from rocks to the
south of the Scottish Highlands (mean pole near
30°N, 154°E) reveals that paleolatitude differen-
ces of about 20° occur for contemporaneous rocks,
and suggests that the Great Glen Fault accommoda-
ted the sinistral motions between Europe and North
America. Previous explanations of the Orcadian
results were cast in terms of implausible Late
Paleozoic - Early Mesozoic remagnetizations. On
the basis of Zijderveld plots, constructed from
the published data, some of the previous analyses
can be shown to be incorrect.
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FORMATION OF EURAMERICA IN THE PALEOZOIC

Dennis V. Kent (Lamont-Doherty Geological Obser-
vatory, Palisades, N.Y. 10964

Comparision of Late Silurian to Late Carbon-
iferous paleopoles from Baltica, England, Aca-
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dia and Laurentia shows a pattern of APW path
convergence that can be related to the progres-
sive formation of Euramerica by collisional
events and large-scale transcurrent movements
between these areas. Siluro-Devonian poles

from Acadia and Baltica agree on a conventional
reconstruction but are distinct from contempo-
raneous poles from England and Laurentia. The
Early Paleozoic Armorican plate of Vander Voo
therefore does not include Acadia but the posi-
tion of Acadia as well as of Baltic for earlier
times is uncertain due to lack of reliable pre-
Late Silurian paleomagnetic data. Poles from
England agree with those from Acado-Baltica by
the Late Devonian; the Charnoid trend of the
caledonides and perhaps the Acadian orogeny can
be related@ to the docking of England (Armorica?)
with .Acadia and Baltica in the Devonian.

There are some indications that the Acadian oro-
geny may have occurred in different locations and
tectonic settings in what are now proximal areas.
The Acado-Baltic-England poles come into agree-
ment with poles from Laurentia only by the Late
Carboniferous. Until this time and from at
least the Late Silurian, Acado-Baltica with the
addition of England in the Devonian maintained a
consistent, more southerly position with respect
to Laurentia. The Carboniferous sinistral trans-
current movement is apparently related to the
initial stages of impingement of northward mov-
ing Africa-S. America which culminated in the
Ouchita/Alleghenian/Hercynian orogeny. The final
assembly of Euramerica thus coincides closely in
time with the formation of Pangea.
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TOWARDS A DEFINITIVE POLAR WANDER PATH FOR NORTH
AMERICA DURING THE NEOZOIC

C.G.A. Harrison (Rosenstiel School of Marine &
Atmospheric Science, University of Miami, Miami,
Florida 33149)

I.B. Lindh (same)

We have developed a new method for combining
different paleomagnetic studies together in order
to derive a polar wandering path for any .continent
We shall discuss this method in referemce to
determining the polar wandering path for North
America during the Neozoic.

Our method 1is different from other popular
methods in that a weighting is given to each
individual study which depends on the number of
times we estimate it has sampled the secular
variation of the Earth's field. Thus for a study in
which only two lava flows are measured, a weight of
not more than two will be given. Allowance is also
made for the scatter of VGP's in each study? Each
study is assigned an age range, and for studies in
which the age of magnetization is known only
poorly, the age range is made large. In order to
derive a paleomagnetic pole position for a certain
age range, the list of individual study poles is
searched for age ranges which over lap the age
range of interest. If the age range of the study is
not completely encompassed by the age range of the
pole, then the weighting of the study is reduced
correspondingly.

We compare the result of our method with the
polar wandering paths produced by Irving and by Van
Alstine and de Boer. We find sigrificant
departures between our poles and the poles
suggested by these authors. We shall attempt to
determine whether these departures are caused by
different data sets or by the different method of
analysis.

Magnetic Field: Origin
and Theory

Pier 9

Saturday AM.

K. Hoffman (Calif.
Polytechnic. Univ.), Presiding
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A MAGNETIC DECLINATION CHART OF CANADA FOR 1980

E. Dawson

L.R. Newitt (both at: Earth Physics Branch,
Division of Geomagnetism, Energy, Mines
and Resources, Ottawa, Canada, K1A 0Y3)

A novel analytical approach was used to
determine the complex pattern of magnetic

declination (D) in Canada for 1980 from
approximately 10,000 magnetic measurements

in the north compound (X) and east compound

(Y) of intensity. These data were obtained
primarily from aeromagnetic surveys by the
Earth Physics Branch (EPB), Ottawa, from years
1969 to 1976. After applying corrections for
secular 'variation, a gridding algorithm
determined over 4400 mean values of X and Y at
1 degree grid intervals over Canada. A smooth
datum field was subtracted from these data and
residuals AX and AY obtained. TFor smoothing,
and to improve interpolation between grid values,
a spherical harmonic expression (SHE) was fitted
to the residuals to degree 180. Residuals cal-
culated from the SHE were added to the datum
values and D was determined from these re—
constituted X, Y values. A D-chart was plotted
using Calcomp plotter techniques. The r.m.s.
fit of the input aeromagnetic data to this
chart is 130 nT.

A north magnetic pole position was determined
at 77.3° N and 101.8° W, just south of King
Christian Island. The average pole motion
since 1975 is 24 km/yr. north and 5/km/yr. west.
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MODELS OF THE MAIN GEOMAGNETIC FIELD 1957-1980

d. C. Cain {U.S. Geological Survey, Denver, CO
80225)

D. R. Schmitz (Colorado School of Mines,
Golden, CO 90401)

K. Kawasaki {U.S. Geological Survey, Denver, CO
80225)

L. A. Muth (Univ. of Colorado, Boulder, CO
80302)

A new model of the main geomagnetic field was
computed for the interval 1957.0-1978.5 without
Magsat data (U030280)} and then 1957 to 1980 in-
cluding a four day sample of Magsat scalar data
(U03--80). Using techniques reported at the
December 1979 AGU meeting, the spherical har-
monic series was computed to degree and order 24
in spatial terms and 14 in their first and second
derivatives, After making corrections to most of
the data to a Dst level of zerp, the average ex-
ternal field was found to be G, (geomagnetic
coordinates) = +20 nT. Due to the difference in
directiom between positive G and Dst, this means
that at Dst = 0, the absolute Dst value is actu-

An evalugtion of the residuals for each class
of data enteking the pre-Magsat models showed
near gaussian\distribution curves, a broad dis-
tribution (cer\200 nT rms) which appeared to
represent that.due to Tocal crustal anomalies,
and a narrower scatter due to errors in the
observations. A 1ist™of the pertinent root mean
square deviation by data type for this “core"
distribution is as follows (nT and nT/year):

Component Hsp F&F SH 47 6F &X &Y &8I Total

Observatory 81 100 130 1M 22 25 8000

Land 102 ns 104 138 145 9800

Marine 81 10000

Canadian Airborne 140% 125% 134 109 119000

Project MAGNET 138 133+ 85 29000
re-1970

Project MAGNET {Components unuseable) 52 1000

1975-1978 B

Yanguard 3/COSKOS 12 4700
)

060-~2,4,6 6 300

Magsat 179 pre-Magsat model 5000

28 Magsat model 500
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RADIAL CURRENT FIELDS IN THE SPHERICAL
HARMONIC ANALYSIS OF THE GEOMAGNETIC FIELD

K. Kawasaki (U.S. Geological Survey Denver,
€0 80225)

J. C. Cain {U.S. Geological Survey, Denver,
€O 80225)

D. R. Schmitz (Colorado School of Mines,
Golden, CO 80401)

Measurements of the geomagnetic field by
means of near-earth orbiting spacecraft contain
contributions from field-aligned currents
penetrating the shell of observations particu-
larly in the auroral and polar regions. If
such observations are used to create spherical
harmonic coefficients of a scalar potential
function, the fundamental premise on which the
analysis is based, namely that the field be
curl-free, is violated. This paper considers
the theoretical and numerical aspects of such
an analysis and concludes that radial currents
penetrating the shell have Tittle effect on
the resulting coefficients so long as the
analysis is based on an adequate distribution
of the total horizontal vector in the shell.
Also, since the fields of radial currents have
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no effect on the resulting scalar potential, the
difference between the observed field and the
field calculated from the potential will give
the field of the radial currents.
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DOES SATURN'S MAGNETIC FIELD
VIOLATE DYNAMO THEORY?

J.P. Todoeschuck (Department of Mining &
Met. Eng., McGill University, Montreal,
Quebec)

M.G. Rochester (Department of Physics,
Memorial University, St. John's,
Newfoundland)

D.J. Crossley (Department of Mining & Met.
Eng., McGill University, Montreal, Quebec)

Recent measurements have shown that Saturn's
magnetic field has a high degree of axisymmetry.
This would seem to be forbidden by a fundamental
theorem of magnetohydrodynamics due to Cowling.
This states that an axisymmetric velocity field
(expected in a rotating reference frame) camnot
maintain an axisymmetric magnetic field in an
incompressible fluid.

There are at least three distinct ways of
circumventing this apparent conflict which will
be discussed. These are (a) the existence of
higher order terms in Saturn's magnetic field
which have not been observed, (b) the possibil-
ity of a nearly symmetric dynamo, operating at
high magnetic Reynolds number, as discussed by
Braginskii and (c) a relaxation of Cowling's
theorem in a compressible fluid. This last
possibility has recently been investigated in
some detail.
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THE DISTRIBUTION OF THE NONDIPOLE FIELD AS A
FUNCTION OF THE SOURCE GEOMETRY

R. Dodson (Department of Geological Sciences,
University of California, Santa Barbara,
CA 93106)

The vector distribution of the nondipoie field
as a function of various point source geometries
has been studied. . Provided that the number of
sources is so large that the central limit
theorem applies, the distribution of most source
geometries is found to be a trivariate normal
distribution whose covariance matrix can be
calculated from the field equations of the
sources. In particular it can be shown that if
the sources are identically distributed in moment
and uniformly distributed on a shell (or shells)
within the core, and their moments are perpendic-
ular to the shell (or the tangential components
are uniformly distributed in azimuth), then the
covariance matrix is invariant with respect to
geographic location and §s specified by only two
independent variances. This distribution is not
uniform in which case only one variance is
required.. The paleomagnetic record indicates
that the magnitude of the nondipole field vector
increases sharply with increasing latitude. In
terms of a source geometry, this fact can be
accounted for only if the number of sources,
their average moment or the variance of their
moment increases with latitude. " Any.of these
variations result in a more complicated field
covariance matrix whose orthogonal axes in
general do not coincide with the geographic
axes.

GP 63

PALEOMAGNETIC STUDY OF A GEOMAGNETIC FIELD
REVERSAL RECORDED IN THE CHUGWATER FORMATION,
WYOMING.

E. Herrero-Bervera

C. E. Helsley (both at: Hawaii Institute of
Geophysics, University of Hawaii, Homolulu,
Hawaii 96822)

A total of 262 samples (516 specimens) were
drilled at four different localities in the Red
Peak member of the Chugwater Formation along a
110 km stretch between Dubois and Lander,
Wyoming. The stratigraphic interval in the
redbeds containing the reversal in the remanent
magnetic field averages 3 m and was sampled at
3 to 20 ¢m spacing between samples. All samples
were thermally demagnetized at 500, 620 and
660°C showing directions of magnetization of
normal, reversed and transitional character as
well as a decrease in the remanent intensity in
the transition zome. Calculation of pole posi~
tions using short intervals above and below the
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reversal individually disagree, yet the overall
mean pole of the four sampled sites (49.6°N,
108.3°E) agrees well with the previous Lower
Triassic poles for the Chugwater Formation pub—
lished by various authors.

Results of this study suggest: (1) After the
removal of secondary components by means of
thermal cleaning the polarity transition exists
and can be correlated between sites, (2) The
dipole field which decays substantially before
the polarity reversal occurs, thereby perhaps
allowing the nondipole field to predominate
during a portion of the transition.
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THE NON-DIPOLE FIELD DURING GEOMAGNETIC FIELD
REVERSALS

I. Williams

M. Fuller {Both at: Department of Geological
Sciences, University of California, Santa
Barbara, CA 93106)

Virtual geomagnetic pole (VGP) paths from
various records of the last reversal show a
dependence on the observation site meridian.
This suggests that the transition field is non-
dipolar yet dominated by low order zonal har-
monics (Hoffman 1977, Hoffman and Fuller 1978).
Predictions from guadrupolar or octupoiar
transition fields have been compared with the
available VGP data. However these VGP paths do
not determine which of the two geometries s
most important.

As an alternative approach we have used the
Tow order zonal harmonics to model the change
of inclination and intensity during a transi-
tion. The dipole energy is reduced and distrib-
uted amongst the other harmonics in a variety of
"reasonable” ways.

It is interesting that neither a purely octu-
pole nor quadrupole intermediate field fits the
observed behaviour of inclination. A combina-
tion of the two fields models the data better.
This analysis suggests that the decrease in
intensity will not be symmetric about the change
in inclination. Both the intensity change and
the apparent time taken for the transition, are
dependent upon the latitude of the observation
site.
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ON THE DOMINANT GAUSSIAN COEFFICIENTS OF THE
TRANSITION FIELD DURING THE MATUYAMA-BRUNHES
REVERSAL

K. A. Hoffman, (Physics Dept., Calif. Polytech-
nic State Univ., San Luis Obispo 93407)

A model of the reversing geodynamo based on
the assumptions (1) that reversals start in a
localized region of the core and (2) that upon
its omset this reversed region extends, or
"floods" both north-south and east-west until
the entire core is affected, has recently been
shown to successfully simulate existing paleo-
magnetic records of the reversing field during
the Matuyama-Brunhes transition (Hoffman, 1979).
An analysis of the modeled field during the
transition reveals that the dominant components
at the time of total axial dipole decay include
an axial octupole (gg) and a non-axial quadru-
pole (g;, hl). Given the distribution of sites
corresponding to the available records of the
Matuyama-Brunhes, the existence of a significant
axial quadrupole field component cannot be ruled
out; however, the role of any equatorial dipole
component can be neglected. The modeled min-
imum field intensity is found to be dependent
on both site latitude and longitude. For the
Matuyama-Brunhes the modeled minimum strength
experienced, say, at mid-northern latitudes is
about 10% of the full polarity strength, yet
such values differ from site to site by more
than a factor of 3.

Although not a unique solution, the findings
from this analysis may be considered to be inde-
pendent of the phenomenological model from which
they were derived. TFor example, whether the
above determined transitional field geometry is
modeled to be produced by configurational
changes of the reversing geodynamo or alterna-
tively, to be of a stationary (non-reversing)
origin has little effect on the calculated VGP
path localities for a given site. These two
possible situations, in principle, should be
distinguishable given sufficient transition
data corresponding to back-to-back (R*N and
N+R) reversals.
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STOCHASTIC MODELS FOR THE POLARITY BIAS OF GEO-
MAGNETIC REVERSALS

Allan Cox Dept. of Geophysics, Stanford Univer—
sity, Stanford, CA 94305)

The main statistical features of the geomag-
netic reversal process are simulated quite well
by a variety of deterministic and stochastic
models. However bias in the lengths of polarity
intervals such as that at the end of the Meso-
zoic (normal polarity bias) and that at the end
of the Paleozoic (reversed polarity bias) has
not as yet been modeled either deterministically
or stochastically. Two classes of stochastic
models are presented to account for polarity
bias. In the first, instabilities in the dynamo
process which accompany reversals are assumed to
occur at a higher rate during one polarity than
during the other. In the second, the rate at
which instabilities occur remains constant but a
different fraction of instabilities are infertile
in the two polarity states. The most likely
cause of changes in reversal frequency and changes
in polarity bias is mass transfer in the lower
mantle capable of producing undulations and temp-
erature variations at the core mantle interface,
the latter providing the boundary conditions for
the dynamo. Symmetry considerations require the
presence of odd zonal harmonics in these boun-
dary conditions during times of polarity bias.
Moreover because changes in polarity bias occur
with a much longer characteristic time than do
changes in reversal frequency, the lower mantle
processes responsible for changes in bias may well
have longer time and length scales than do the
processes responsible for changes in frequency.
An interesting speculation is that changes in
reversal frequency may reflect shifts in the
location of individual lower mantle convective
cells whereas changes in polarity bias may reflect
changes in the entire pattern of mantle convection
such as might, for example, be associated with a
regrouping of the continents.
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GEOMAGNETIC SECULAR VARIATION IN
SOUTHERN ITALY AND ITS APPLICATION TO
ARCHEOLOGICAL DATING

G.S5. Hoye (Institute of Earth and
Planetary Physics, Department of
Physics, University of Alberta,
Edmonton, Alberta, Canada T6G 2J1)

M.E. Evans

The lavas from nine eruptions of
Mount Vesuvius have been sampled at 20
sites, the dates of the eruptions
(1631-1944 A.D.) covering the complete
range of historically recorded lava
flows. 1In addition, the mud flow
resulting from the Plinian eruption of
79 A.D. was sampled at Herculaneum.
Eleven archeological baked features
(kiln, hearth, or oven) of well-
determined archeological date covering
the interval from the eighth century
B.C. to the fourth century A.D. were
also sampled.

Site mean magnetic directions from
the lavas are precise (typically o5
is £ 2° for N=5) and yield an ellip-
tical secular variation curve for the
last few centuries which is in agreement
with observed data for Rome after allow-
ing for dipole variation in inclination.
The (detrital?) remanence of the 79 A.D.
deposit is stable and is not aligned
with the present field direction.

An archeomagnetic date (lying in the
second half of the first century A.D.)
for a kiln situated in a villa rustica
at San Giovanni di Ruoti has been
derived using data from this study and
this date is consistent with the cir-
cumstantial archeological evidence
relating to the kiln,

GP 68

MAGNETIZATION IN THE LOWER CRUST

Peter Wasilewski (NASA/Goddard Space Flight
Center, Laboratory for Extraterrestrial
Physics, Greenbelt, Maryland 20771)

Elaine Padovani ({Dept. of Earth & Planetary
Science, MIT, Cambridge, MA 02139)

Deep crustal and mantle xenoliths from numer-
ous sources along the Rio Grande rift and the
Colorado plateau, granulites- from high grade
metamorphic terrain in North America, India,
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Brazil, and Africa, and a profile across the
Ivrea zone have been studied in order to evalu-
ate the distribution of magnetization in the
deep crust. These preliminary studies provide
additional confirmation of our idea that the
Moho is a magnetic boundary. There is no
evidence of exotic magnetic mineralogy or metal
in any of the rocks studied. Naturally reduced
basaltic rocks containing a range of titano-
magnetite from Fe Tio 0, to Fez‘l‘io with
increasing dominance’ of 'ﬂmenite and #inally
metallic iron are used to model what might be
expected magnetically with increasing degrees of
reduction in the lower crust. The f0,-T
conditions at depth will determine the Curie
point of the oxide minerals and the geothermal
gradient will determine the depth at which this
mineralogy is non-magnetic. Several preliminary
models of continental crust magnetization are
presented based on the magnetic measurements,
since no single model is likely to hold for the
entire continental crust. The magnetic pro-
perties of deep crustal rocks may reside en-
tirely along the present geomagnetic field. The
magnetization contrast is made up of three
terms: on—the induced component dependent an
amount, composition and grain size of the
magnetic mineralogy, M,-the viscous magnetiza-
tion which is enhancea’ with depth because of
increasing temperature at depth and Xy °H -
presently not well defined contributions gue to
pressure and the effect of susceptibility
enhancement within 100°-150°C of the Curie
point.
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AEROMAGNETIC INTERPRETATION OF THE
ARCHEAN VOLCANICS IN THE KIRKLAND-LARDER
LAKE AREA OF ONTARIO

Stephen Letros, (Department of Physics and
Geology, University of Toronto, Toronto,
Ontario M5S 1Al, Canada)

D.W. Strangway
(Toronto)

(Sponsor: D.W, Strangway)

High resolution total field aeromagnetic
data for the 2.7 billion year old volcanic
sequences north of Kirkland Lake are being
operated on by geophysical filtering tech—
niques. This is done to enhance the data
in order to derive geological information.
Magnetic properties such as susceptibilities,
NRM directions and intensities and known
geological information are being used as a
control over the interpretation. Data
enhancement techniques have focused on three
approaches; first vertical derivation, down—
ward continuation and apparent susceptibility
mapping. The latter technique which reduces
anomaly overlap and allows for an accurate
location of formation boundaries was the
most useful for interpretative purposes.

Five major rock types were found in this
area, these being magnesium and iron-rich
tholeiitic flows, calc-alkaline volcanics
and various mafic and felsic intrusives.

The iron-rich tholeiites are in general
extremely magnetic and the cale-alkalines
only weakly magnetic. The paleomagnetic
results suggest that the remanent magnetiza-—
tion of the iron-rich tholeiites and the
ultramafic intrusives are the main source of
the anomalies while megative susceptibility
contrasts due to the magnesium-rich
tholeiites are observed. Thus detailed
geologic mapping of the thick stratigraphic
sequences is possible.
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AN ALTERNATIVE EXPLANATION FOR INTERMEDIATE
WAVELENGTH MAGNETIC ANOMALIES

L. Shure (Institute of Geophysics and Planetary
Physics, Scripps Institution of Oceanography,
University of California, San Diego, La Jolla
CA 92093)

R. L. Parker (Institute of Geophysics and
Planetary Physics, Scripps Institution of
Oceanography, University of California, San
Diego, La Jolla, CA 92093)

L. M. Dorman (Geological Research Division,
Scripps Institution of Oceanography, Univer-
sity of California, San Diego, La Jolla, CA

* 92093)

Harrison and others have examined very long
magnetic-field profiles and have calculated
their one-dimensional power spectra. In these
they expected to see, but did not find, a
minimum in power at intermediate wavelengths,
between 65 km and 1500 km (from sea-floor
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spreading signal-to-core-signal). They have
invoked mantle sources or high-1qtens1ty, Tong-
wavelength magnetization as possible explana-
tions. . .

An alternative, more.plausible explanation
is that one-dimensional spectra of two-
dimensional fields contain contributions from
wavenumbers in the perpendicular (i.e. non-
sampled) direction, and that unless the sea-
floor spreading anomalies are perfectly
Tineated at right angles to the profiles, the
Tow wavenumber energy can be attributed to this
effect. - We give a numerical demonstration.

Magnetic Properties
Pier 9

Saturday P.M.

S. Cisowski (NASA) and D. J.
Dunlop (Univ. of Toronto),
Presiding
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POSSIBLE REMAGNETIZATION ASSOCIATED WITH NATIVE
COPPER DEPOSITS, MICHIGAN

H.C. Halls (Dept, Geology, Erindale College, Univ.
of Toronto)

H.C. Palmer (Dept. of Geophysics, Univ. of Western
Ontario, London)

Thermal and AF demagnetization results are pre-=
sented from paleomagnetic sites distrubuted along
a 50 km strike length in the Copper Harbor Forma-
tion, Keweenaw Peninsula, Michigan, where almost
1500 metres of pebble/boulder conglomerate are
interbedded with a few thin lava flows.

Three previously measured sites, using pebbles in
the conglomerate (Palmer et al. 1977, E0S, 58) have

now been supplemented by 8 more from the lava flows.

Both studies reveal partial CRM overprinting of
pre-folding age which increases along strike in a
westerly direction: This westward change is ex—
pressed in the conglomerate by a greater clustering
of pebble directions to westerly declinations, and
in the volcanics by a change from single to multi-
component behaviour.

A primary component exists in 7 volcanic sites
and has a direction (299/40) about 10° from that
found in the underlying Portage Lake Volcanics
(PLV). The four most westerly sites yield two
overprints, both of which are more resistant than
the primary to either demagnetization procedure.
One is relatively well determined (287/+20) whereas
the other (287/+8°) is less constrained. Both
directions (obtained after unfolding) are similar
to the pretilting overprint found in the Copper
Harbor conglomerate (279/+15).

In the underlying PLV there is also a westerly
increase in hydrothermal/burial alteration, as
given by secondary minerals including native cop-
per (Stoiber and Davidson, 1959). The possibility
that the magnetic overprinting seen in the Copper
Harbor Formation is related to this mineralisation
will be explored.
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PALAEOMAGNETISM OF A SULFIDE ORE

K.C.Claesson (Dept. of Geology, Univ. of
Toronto, Toronto, Ont. M5S 1Al, Can.)

F.W.,Beales

-(Sponsor: G, W, Pearce)

The object of the study is the feasability of
using palaeomagnetic techniques to date the
magnetisation of Mississippi Valley type sulfi-
de ores, The samples come from Nanisivik,
Baffin Island, where ore (predominantly py-
rite, but also sphalerite and galena) is found
in dolomite of Helikian age.

UsuaLIg, the initial intensity of magnetisation
is 10 amp/m, although intensities as low as
107 amp/m can be measured as the cryogenic
magnetometer accepts samples 200-300cc in
volume. The demagnetisation is problematic:
alternating field treatment either introduces
an ARM or is ineffective, probably due to the
screening effect of conductive pyrite. The same
mineral oxidises at 350-400°C to highly sus-
ceptible maghemite (?), always adding a large
TRM, and heating the specimen packed in gra-
phite only delays this reaction for about 100°C,
Furthermore, removal of the oxidised surface

shows that internal new phases, too, are likely
to pick up spurious magnetic components.

The results fall into two, oppositely directed,
groups, suggesting a Lower Palaeozoic age

of magnetisation.

GP73

MAGNETIC PROPERTIES OF DRILLED SUBMARINE
INTRUSIVE ROCKS

M. Prévot (Laboratoire de Géomagnetisme du.
CNRS, 94100 St. Mayr-de Fossés, France)

D.J. Dunlop (Geophysics Laboratory, University
of Toronto, Toronto, Ont. M358 1A7)

We report paleomagnetic and rock magnetic
properties of 50 submarine intrusive rocks
drilled in DSDP Legs 30, 37 and 45: 15 doler-—
itic gabbros (Leg 30); 10 cumulate gabbros and
16 serpentinized cumulate gabbros and perido-
tites (Leg 37); and 9 serpentinized lherzolites
(Leg 45). The collection provides a reasonably
representative vertical section through the
oceanic crust. The principal magnetic mineral
revealed by microscope, electron microprobe and
thermomagnetic analysis is mearly pure magne-
tite({Te = 515-575°C). 1In the deleritic
gabbros, it is an abundant, coarse-grained
deuteric oxidation product of titanomagnetite;
in the cumulate gabbros, it is scarce and in-
visible, presumably occurring as inclusions in
silicates; and in the other rocks, it is a
sometimes abundant, fine- to coarse-grained by-
product of serpentinization of olivine. NRM
tends to be directionally stable during AF de-
magnetization or, in the case of the rather
viscous deleritic gabbros, to have an under—
lying stable component. NRM's of the doleritic
gabbros range from 1 to 7 x 1072 emu em~3. If
our samples are typical of layer 2B and the top
of layer 3, these layers cannot be disregarded
as magnetic anomaly sources. The cumulate
gabbros have weak NRM's (10-5-10-% emu cm-3).
The sergentinized rocks have NRM's of 107%-1072
emu cm .. The peridotites in particular are
intensely magnetized (1073-1072 emu cm 3) and
represent a potent magnetic source if serpen-
tinization extends to great depths.
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PALEOINTENSITY AND MAGNETIC PROPERTY MEASURE—
MENTS OF TYPE LOCALITY SAMPLES FROM THE
KOMATI FM., SWAZILAND

C.J. Hale (Dept. of Geology and Geophysics
Laboratory, University of Toronto,
Toronto, Ont. M58 1A7)

D.J. Dunlop (Geophysics Laboratory, University
of Toronto, Toronto, Ontario M5S 1A7)

The Komati Formation is of particular. paleo-
magnetic interest because of its great age and
low degree of metamorphism. Five independent
but unoriented samples from the type locality
have been subjected to AF and thermal demag-
netization, hysteresis, and thermomagnetic
measurements as well as paleointensity
measurement using the modified Thellier
double heating method. The NRM is strong in
all samples measured, having an average in-
tensity of 6.2 x 10“§ emu cm~3 but the
stability is variable with median demagnetiz—
ing fields ranging from 100 to 350 Oe. and
initial directional swings occurred in three
out of five-samples. 1In all samples though,
an appreciable fraction of the remanence has
a coercivity higher than 500 Oe. Thermal
work showed that the majority of magnetic
carriers have blocking temperatures within
50 degrees of the Curie temperature (8c =
583°C.) and thermomagnetic curves were nearly
reversible with only a few per cent decrease
in saturation magnetization upon heating to
650 C. All heatings were carried out in a
vacuum of less than 50 millitorr. The paleo-
intensity measurements yielded sublinear
curves and fitted slopes indicated paleo-—
intensities from 0.16 to 0.5 G. with an aver-
age value of 0.26%0.12 (lo). Direct com-
parison with the present field intensity is
not possible since the Komati samples are un-—
oriented and no correction may be.made for
paleolatitude but it appears that a geomagnetic
field roughly comparable to the present one
in intensity was active as early as 3.4 Ga.
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ARCHEOMAGNETISM OF A 19TH-CENTURY POTTERY
KILN NEAR JORDAN, - ONTARIO.

M.B. Zinn (Dept. of Physics, Erindale College,
University of Toronto, Mississauga, Ont.
L5L 1C6)

D.J. Dunlop (Geophysics Laboratory, University
of Toronto, Toronto, Ont. M5S 1A7)

The Jordan pottery kiln near St. Catharines,
Ontario was last fired about 1840, Bricks from
the kiln floor have NRM's (Natural remanent
magnetizations) in the range 0.2-3.7 x 1072
emu cu~3 which are stable against AF demag-
netization to 1000 Oe and thermal demagnetiza-
tion to 520 or 540°C. The average NRM
direction (D = 359.4° = +471.3°, ag5 = 2.2°,

k = 310, N = 15 samples) agrees well in
declination with the 1845 geomagnetic field
recorded at the Toronto observatory .
(D = 358.6°) while differing significantly from
the present field at the site (D = 351.5°).
However, there is an "inclination error": the
NRM inclination of 71.3° is significantly
shallower than either the 1845 inclination
(75°) or the present field inclination (72.8°)¢
Twenty-seven specimens of the 31 tested yielded
reliable paleofield intensities by the modified
Thellier double-heating method. The average
paleofield intensity is 1.166+0.092 times the
present field intensity. Part of the inclina-
tion error could result from systematic tilting
of bricks in the kiln floor but the greater
part of the error results from self-demagnetiza—
tion of the kiln floor. NRM's > 1072 em cm™
produce an internal demagnetizing field R0.05
Oe opposing the vertical external field but
generate no horizontal field. The result is to
deflect the net internal field, and with it the

- NRM vector, into the plane of the kiln floor.

The internal field recorded by the NRM is also
weaker than the true paleofield. The 1845
field intensity at Jordan could be as much as
1.43 times the present field intensity if self-
demagnetization accounts for the entire inclina-
tion errox.
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RELATIONSHIP BETWEEN MEDIAN DESTRUCTIVE
FIELD AND REMANENT' COERCIVITY FOR DISPERSED
NATURAL HEMATITE, MAGNETITE AND TITANO-
MAGNETITE

Peter Dankers (Earth Physics Branch, Energy,
Mines and Resources, Ottawa, Ontario,
Canada. KI1A 0Y3)

(Sponsor: J.L. Roy)

Remanent acquisition curves, remanent
hysteresis curves and alternating field
demagnetization curves were determined for
a number of artificial rock specimens
containing well defined grain-size fractions
between 5 Um and 250 im of natural magnetite,
titanomagnetite and hematite. From these
curves, the remanent acquisition coercive
force H' , the remanent coercive force H
and thecéedian destructive field of IRM
H%I were determined. Theoretically these

parameters should be the same for an
assembly of non-interacting, homogeneously
distributed, randomly oriented single-domain
grains. - For ‘a given hematite specimen H'_ ,
H and H% have about the same value ©

cr L

in spite of the strong grain-size dependence
of these parameters. TFor each specimen of
magnetite and titanomagnetite the value of
H' is larger than H which again is
lggger than H%I . I-on?uraver, the ratios

H;r/Hcr and H;iI/Hcr appear to be constant,
An interesting relationship which appears to
hold for dispersed magnetite, titanomagnetite
or hematite grains between 5 um and 250 um,
independently of grain-size, quantity and
packing density of the magnetic material is:

' ~
Hcr * H%I 2Hcr
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MAGNETIC DOMAIN OBSERVATIONS OF NUCLEATION
PROCESSES IN NATURALLY-OCCURRING TITANOMAGNETITES

S. L. Halgedahl
T Fuller. (Both at: Department of Geological

Sciences, University of California, Santa
Barbara, CA 93106)

Magnetic domain patterns have been observed
with the Bitter technique in titanomagnetite
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(x = 0.6) particles occurring in oceanic basalt
(DSDP Leg 49). Fine particles of 15 um or less
carrying isothermal saturation remanence (IgRM)
are often observed to contain no domain walls
Application of a reverse field, however, results
in nucleation of at least one wall. Thus,
although these fine particles may remain as
single domains in IgRM, they reverse their mag-
netization by nucleation and subsequent motion
of domain walls. These observations suggest
that spontaneous nucleation of walls subsequent
to saturation becomes more difficult as the
particle size approaches the single domain Timit.
Nucleation processes may therefore play a criti-
cal role in controlling the remanence and
stability properties of fine particles. A
simple model in which nucleation is considered
predicts the approximate 1/d-dependence of Jy/Jg
and He observed experimentally in the PSD range.
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EFFECT OF POROSITY ON THE STRESS DEMAGNETIZATION
OF SOME IGNEOUS ROCKS

Y. Hamano (Department of Geological Sciences,
University of California, Santa Barbara, CA
93106)

Ten rock samples were stepwise demagnetized by
uniaxial compression up to 300 bars. Rock types
used in this study are welded tuff, dacite,
andesite and basalt, and these rocks are collect-
ed in Japan. In order to investigate the effect
of rock structure on the stress sensitivity,
rocks with various porosities (ranges from 6% to
48%) were selected. Intensity of the NRM in
these rocks ranges from 2 x 102 to 1 x 10-2
emu/cm? and that of the median destructive field
(MDF) is from 35 to 860 oe. Measurements of both
hysteresis properties and the Curie temperature
indicate that magnetic minerals in these rocks
are mainly Ti-poor titanomagnetites with multi-
domain grain sizes.

The observed stress sensitivity in these rocks
ranges from 0.5% to 40% at 100 bars. Comparison
of the stress demagnetization curve and the AF
demagnetization curve in each rock sample sug-
gests that-the magnetically softer components are ~
demagnetized at the lower stress. However, the
equivalent stress, which is defined as a ratio
of the stress to the magnetic field which causes
the same amount of the demagnetization, is not
constant for the different rocks, and varies 5
from 3 to 30 bar/oe. The variation of the equiv-
alent stress is closely correlated with that of
porosity. This result indicates that the stress
sensitivity, besides for being function of mag-
netic hardness, is also largely dependent upon
porosity of the rocks.
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MIMETIC SHAPE ANISOTROPY IN OOLITIC LIMESTONES

W. Lowrie {Institut fllr Geophysik, ETH-H8ngger-
berg, CH-8093 ZlUrich, Switzerland)

R. Kligfield (Geologisches Institut, ETH-Zentrum,
CH~8092 ZUrich, Switzerland)

Deformed Jurassie oolitic limestones from the
sedimentary cover of the Aar Massif (Swiss Alps)
contain abundant magnetite and hematite. Mag-
netic mineralogy was investigated by AF and
thermal demagnetization, IRM acquisition, low
temperature studies, and thin and polished sec-
tion examination. = Chamosite (an iron chlorite)
occurs in concentric bands within undeformed
colites; after deformation it assumes the ellip-
soidal shapes of the deformed ocolites. During
metamorphism as well as laboratory heating,
chamosite decomposes at 400°C to produce hematite
and magnetite, Newly crystallized magnetites
have euhedral individual grain shapes but their
overall distribution is controlled by the ellip-
tical bands of chamosite. The resultant string-
ing together of magnetites gives rise to. a
mimetic shape anisotropy directly related to the
shape of the deformed oolite. Hematite layers
occur around the shapes of some of the ocolites.
Preferred orientation of the hematite basal
planes around the oolite shapes probably con-
tributes to the magnetic anisotropy. The low-
field magnetic susceptibility anisotropy measured
on Digico and cryogenic magnetometers has been
correlated with the finite strains determined
from the oolites. The results demonstrate that
it is possible in these rocks to perform quanti-
tative strain analysis with the magnetic suscep-
tibility anisotropy data.
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SOME SIMPLE MODELS OF NON-INTERACTING AND
INTERACTING PARTICLE MAGNETIZATION PROCESSES

R.J. Luce

V.A. Schnidt

F. Keffer (all at: TUniversity of Pittsburgh,
Pittsburgh, PA 15260)

The traditional hyperbolic tangent, describing
uniaxial, single-domain particles lying up or
down along an applied field, fails to match
experimental megnetization data not only because
of its too-rapid saturation but because it yields
magnetization values which are generally too
high when an observed particle size is included
in the tanh argument.

Consideration of particles lying at every
possible angle with respect to the applied
field helps correct both the high-value and
saturation problems. Inclusion of inter-
particle interactions, indicated by the observed
clumping of particles, can also help lower the
theoretical curve.

Examples of uniaxial, single-domain ensembles
of 1, 2, 4, 8, and many-particle groups, over
all angles, both interacting and non-interacting,
are discussed. Single-domain magnetite, with
its eight easy directions, is also considered.
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DISCRETE SINGLE AND PSEUDO-SINGLE DOMAIN
MAGNETITES DOCUMENTED WITH SCANNING
TRANSMISSION ELECTRON MICROSCOPY

N.G.Newberry (Department of Geological
Sciences, U of Michigan, Ann Arbor, MI}

J. W. Geissman (Department of Geology, U
of Toronto, Toronto, Ontario M5S 1A1)

D.R. Peacor {Department of Geological
Sciences, U of Michigan, Ann Arbor, MI)

Single-domain (SD) and pseudo-single do-
main (PSD) magnetites are empirically and
theoretically known to carry a stable rema-
nence, but their presence in natural rocks
has only been indirectly implied by several
workers. We have, using a Scanning Trans-
mission Electron Microscope confirmed the
existence of natural single-domain sized

< .Oqﬂ) grains, and determined the distri-
bution of various-sized magnetites in rock
samples. The magnetite grains were charac-
terized by first scanning ion-thinned sam-
ples at Tow (5000X} magnification for small
iron-bearing areas, using micro-micro elec-
tron diffraction techniques to verify that
they in fact have the magnetite structure,
and obtaining high resolution chemical
analysis of the grains with an energy-dis-
persive detector. The principal 1ithology
examined is a vitrophyre of an 0ligocene
ash-flow tuff exposed near Yerington, West-
ern Nevada, whose rock magnetic properties

(HE>25 mT, Hep >40 mT, MDF >nT, Jc/Jdp> .25,
Tes 555°C) and blocking temperatu§es { 580°
C”) suggested the presence of SD and PSD
sized magnetite grains. The SD and PSD
magnetites occur as-scattered grains or
clusters of grains within a groundmass

~glass. The overall magnetic behavior of

these rocks derives from an integration
over the properties of the small SD and PSD
grains and those of the larger (2 2004°)
grains of magnetite also present which are
subdivided on a fine scale by ilmenite.
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DETERMINATION OF FINITE STRAINS FROM MAGNETIC
SUSCEPTIBILITY MEASUREMENTS ON PERMIAN ROCKS
FROM THE MARITIME ALPS (S, FRANCE)

W.H. Owens (Dept. Geol. Sci., Univ, Birmingham,
England)

R. Kligfield {Geologisches Institut, ETH, CH-
8092 zZ#rich, Switzerland)

W. Lowrie (Inst. flir Geophysik, ETH, CH-8093
ZUrich, Switzerland)

Abundant deformed reduction spots found in the
Permian red shales and slates of the Maritime
Alps of S. France serve as finite strain indi-
cators. Structural studies (Graham, 1979)
demonstrate that although deformation varies
locally in both intensity and style, the entire
region can be characterized by an overall defor-
mation path. Magnetic susceptibility anisotropy
measurements were made on these rocks with a
cryogenic and a Digico magnetometer. The sedi-
mentary magnetic fabric of undeformed regions
is modified during deformation to yield charac-
teristic magnetic susceptibility anisotropy
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patterns at each of 7 sites corresponding to key
localities on the deformation path. The magnetic
equivalent of the déformation path demonstrates
that a sedimentary magnetic fabric is modified
by strain, changing progressively from oblate to
prolate, then back to oblate as deformation
increases. An empirical correlation between
natural strain and the magnetic susceptibility
anisotropy has been determined for different
lithologies. This agrees with the reorientation
during strain of an initially uniform distribu-
tion of oblate particles (hematites), calculated
according to March theory. Use of this method
provides a rapid means of strain determination
from magnetic susceptibility measurements, which
is especially valuable where the reduction spots
are missing.
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STRAIN TO MAGNETIC ANISOTROPY CORRELATION, A
DISCUSSION OF A POSSIBLE UNIVERSAL RELATIONSHIP

J.S. Rathore (Department of Geophysics and
Planetary Physics, School of Phyiscs,
University of Newcastle upon Tyne, England)

{Sponsor: Professor S.K. Runcorn, F.R.S.)

The need for and the foundations of an
empirical correlation between the strain
anisotropy and the magnetic susceptibility
anisotropy are discussed. The concept of a
universal correlation with respect to an
established strain response model is presented,
as indeed is an empirical relationship which is
found to hold in two separate lithologies in
the British Caledonian slates. The relation-
ship is of the type

(5)- (1)

where i = 123; j = 123, i # j, X, and X. are
two of the three principal magnetic suscepti-
bility axes and £, and %, are the corresponding
principal strain éllipso d axes. The existence
of such a relationship is of importance since
it presents the possibility of predicting
strain axial ratios from the readily measurable
susceptibility ellipsoids, and hence determin-
ing the tectonic fabrics of weakly strained
rocks and rocks with no strain markers. Other
aspects of the anisotropy technique will be
discussed to demonstrate how the magnetic
fabric can be of assistance in' the determination
of the rock fabric.
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BLOCKING TEMPERATURE OF MACNETITES

N.Sugiura(EPS,E8rindale College,Missi-
ssauga,Ontario,L5L 1C6,Canada)

The relationshir between T_{block-
ing femperature) and apovlied magne-
tic field was examined in order to
check the v-1idity nf +re *hagries of
+rormoremanent magnetizatinn, The re-
Iationshir has been tested by a rather
irdirect technigue in which remanences
were measured at room temperature in
zero field. In the present study,
remanences in a field at high tempera-
ture were directly measured. The tem~
verature derendence of the remanence
was compared with the calculated blo~
cking temperature spectrum. In the
case of single domain magnetites,using
the coercive force spectrum determined
from alternating field demagnetization
of saturation remanence, the agreement
between the theoretical and the expe-
rimental T, spectrum was satisfactory.
In the case of multi-domain magnetites
(d=40p), if avoropriate adjustable
varameters(activation volume and coer-
cive force spectrum) are chosen , a
fairly good agreement between the the-
oretical and the exverimental T, spe-
ctrum is obtained, There are, ho@ever,
curious behaviors of the remanence
which can not be explained by the the-
ories of thermoremanence of two domain
grains. 1, The anomalous peak of rema-
nent magnetization near the Curie tem-
perature, as has been observed by Boll
shkov et al. 2. Decrease of pTRM dur-
ing cooling in zero field, as was re-
vorted by Parry. We need to refine the
multi-domain theories to explain these
anomalous behaviors.
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MINERALOGIC AND MAGNETIC INVESTIGATION OF
BASALTIC ROCKS FROM DSDP LEG 61

M. B. Steiner (Dept. of Geology, University of
Wyoming, Laramie, Wyoming 82071)

The opaque phases of these intrusive and ex-
trusive ocean theoliites have been studied by
means of the electron microprobe, thermomag-
netic analysis and reflected light microscopy.
The properties.of these largely intrusive rocks
may be analogous to those of the intrusives in
the deeper layers of the oceanic crust. Curie
temperatures range from 155°C to 450°C. A pe-
culiarity of this suite of samples is their al-
most invariable tendency to decrease in Jg and
T, after being heated to 700°C in vacuum,
strongly suggesting a resorption of titanium
into the spinel lattice. Microprobe analyses
on 17 samples show that the titanomagnetites
display a large range of x-values (Fe3-xTix0s),
between 0.51 and 0.73. Microscopic observation
allows a general characterization of the low-
temperature oxidation stage of the samples,
which, in these mid-Cretaceous rocks, ranges
from nearly unoxidized (mo cracking) to medium
oxidation (promounced cracking of grains, Some
staining, loss of sulfides). ©No correlation of
x-value with oxidation stage appears to exist.
Likewise, no systematic difference in Fe/Ti
ratio exists_ between grain centers and grain
edges. No greater heterogeneity of within-sam-
ple Fe/Ti values exists for more or less oxi-
dized samples. However, a striking (positive)
correlation exists between the titanomagnetite
x~value and the whole~rock TiOp wgt % of a sam~
ple. This correlation negates the use of Curie
temperatures alone as an indicator of oxidation
stage in this suite of samples. The correlation
of Ti/Fe ratio in the titanomagnetites with the
Ti content of the host basalt also calls into
question the limits of the widespread assumption
that x in oceanic titanomagnetites is invariably
about 0.65.
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MAGNETIC MATERIAL IN THE HEAD OF A DOLPHIN

J. Zoeger (Los Angeles Harbour College, Wilming-
ton, CA 90744)

J. Dunn

M. Fuller {(Both at: Department of Geological
Sciences, University of California, Santa
Barbara, CA 93106)

The natural remanent magnetization of parts of
the head of a common dolphin (Delphinus delphis)
have been examined using a horizontal access
cryogenic magnetometer. The head, which had
been preserved in formaldehyde, was first cut to
give transverse sections a few cms thick. These
were then again cut to give samples which were
elongate along their dorsal ventral axis and
could be conveniently placed in the magnetom-
eter.

A11 25 samples exhibited some NRM. However,
in one particular reg1on the NRM was much
stronger and a thin piece of tissue about T mm2
in area was isolated, which had a moment of 10-5
gauss cm3. The magnetic material is intimately
associated with the dura mater to the left of
the mid-sagittal Tine near the occipital-frontal
suture. The magnetization is oriented laterally
with the north magnetic pole to the animal's
right.

Saturation isothermal remanent magnetization
(IRMs) was only about a factor of 20 Targer than
the NRM, so that the NRM is relatively strong
and comparable with the remanence which might be
acquired as chemical remanence (CRM) in the geo-
magnetic field, IRMg was magnetically very soft
having a median demagnetizing field of less than
5 oe. Neither the NRM nor the IRMs. was particu-
larly viscous.

The discovery of strong NRM in tissue between
the brain and skull in the dolphin is similar
to the result obtained by Walcott et al (1979),
in the pigeon. It suggests that experiments
should be done to see if dolphins respond to
geomagnetic field cues as a navigational aid.
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A BIOMAGNETIC CONSTRAINT ON PALEOINTENSITY

J.L. Kirschvink (Department of Geological &
Geophysical Sciences, Princetan University,
Princeton, N.J. 08544)

Howard D. Wildman (Department of Bioclogy)

Numerous experiments on a variety of animals
have indicated that several species are able to

reliably sense the direction of, as well as
minute fluctuations in, the intensity of the
geomagnetic field. In honey bees and homing
pigeons, this ability appears to be associated
with several hundred million crystals of organic
magnetite which are somehow connected to the
nervous system. Because these sensory organelles
must have evolved slowly over long periods of
geologic time, their function and construction
should allow them to work under most, if not
all, conditions naturally experienced by the
species. Such an adaptation would imply that
some information about the geomagnetic field not
readily available to geophysicists may be con-
tained in the range of field intensity to which
they respond.

A variety of experiments have shown that
magnetic field detection in the honey bee
stead11y improves as the intensity of the
background field is increased up to about 4.5
Gauss. Between 4.5 and 5 Gauss, however, all
magnetic field detection is abruptly lost.
If the background intensity ever reached this
strength, bees from such a colony might loose
their backup navigational and circadian rhythm
senses, thereby reducing the representation of
their genes. in the next generation. The ob-
served 5 Gauss breakdown suggests that the
ancestors of the current bee population never
experienced magnetic fields of that strength or
greater. Elucidation of the proximate cause of
the sensory loss awaits clarification of its
mechanism., Other species should be tested
behaviorally to determine whether or not there
is consistency across taxonomic groups.

Magnetic Deep Sound-
ing

Pier 9

Monday A.M.

D. I. Gough (Univ. of Alberta),
Presiding

GP 88 INVITED PAPER
A MAGNETOMETER ARRAY STUDY IN SOUTHERN AFRICA

D.I. Gough (Institute of Earth and Planetary
Physics, University of Alberta, Edmonton,
Alberta T6G 2J1})

J.H. de Beer (National Physical Research
Laboratory, C.S.I.R., Box 395, Pretoria
0001, South Africa)

A large magnetometer array recorded time-
varying vector magnetic fields due to
substorms and similar disturbances in 1977,
over the tip of Africa south of 30°S. A
conductive structure in the lower crust or
upper mantle, under the Cape Folded Belt and
southern Karroo Basin, has been discovered and
its Timits well defined. Anomaly maps will
be shown, with a preliminary map of this
Southern Cape Conductive Belt. Provisionally
it is regarded as a result of accumulation of
conductive oceanic crustal rocks in a
Proterozoic subduction zone or marginal sea.
Induction vectors based on transfer functions
show strong effects related to non-random
distribution of polarizations in the incident
fields. Such effects are important in the
interpretation of induction studies with small
sets of instruments. The induction vectors
will be discussed in relation to the more
reliable anomaly maps of amplitudes and
phases ‘of Fourier transforms of the time-
varying fields.
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MAGNETOTELLURIC SOUNDING AND MAGNETIC VARIATION
PROFILING IN THE IMPERIAL VALLEY OF SOUTHERN
CALTFORNIA

Luis J. Alvarez

John F. Hermance (both at: Dept. of Geological
Sciences, Brown Univer51ty, Providence, RI
02912)

Long peried (T < 10,000 sec.) magnetotelluric
measurements performed at three sites in the
Imperial Valley of Southern California are
interpreted in the light of the previous magnetic
variation profiles described by Schmucker (1964,
1970) and White (1973). The magnetic variation
studies of Schmucker essentially suggest a flat-
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lying highly conducting zone having little relief
at a depth of approximately 160 km beneath much
of the southwestern Basin and Range province of
Arizona and Southern California. White suggested

the presence of a narrow upwarp of this deep con=

ductor to depth of.100 km or so beneath the
Imperial Valley. We have used the few magneto-
telluric sites we occupied in conjuction with
the published magnetic variation data to con-
struct a two-dimensional .model of the Imperial
Valley which has the following features: 1) the
basin sediments have a profound effect on| the
electromagnetic response; 2) the deep crust
(10-20 km) appears to be relatively conducting;
3) the upper mantle (20 km < d < 150 km) appears
to be significantly more conducting (v0.02 S/m)
than the magnetic variation whereas at depths
greater than 100 km, the interpretation studies
indicated, does not require the presence of a
"super-conducting” region.
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AN ANALOGUE MODEL STUDY OF GEOMAGNETIC VARIATION
ALONG THE EAST COAST OF NORTH AMERICA

J.A.Wright (Department of Physics, Memorial
University of Newfoundland,St.John's,AlB 3X7)

J.P.Greenhouse (Department of Earth Sciences,
University of Waterloo,Waterloo,Ont.,N2L 3Gl)

H.W.Dosso (Department of Physics, Un1vers1ty of
Victoria,Victoria, B.C.V8W 2Y2)

W.Nienaber (Department of Physics, University of
Vibtoria,Victoria, B.C.V8W 2Y2)

R.C.Bailey (Department of Physics, University
8f Toronto,Torounto,Ontario M5S 1A7) i

A scaled laboratory system has been employed
to model the behaviour of geomagnetic variations
over the eastern coastal region of North America.
The model has been constructed to take account
of the finite resistivity of the landmass, the
bathymetry of the surrounding oceans and the
sediments of the contiguous shelves. Maps of
the normalised magnetic field for two orthogonal
polarisations of a uniform source (roughly
parallel and perpendicular to the USA/Nova
Scotia coasts) show a coast effect qualitatively

as expected. Four frequencies were used covering

field variations with periods of 20 to 120 min..
The broad features of the variation pattern are
similar for all periods and the discussion is
concentrated on the data for one hour period.

Although the strike of the Appalachians, the
coastline and the edge of the condinental shelf
is similar over the length of the east coast,
the model results show significant differences
along strike in the anomalous variations near
the coast. The variation along strike is shown
to be primarily because of the deflection of
eurrents in the ocean by bays and headlands. A
comparison of the model derived and actually
observed transfer functions allows a separation
of the coast effect from the effects of crustal
structure and leads to a better understanding
of the tectonics of the region.
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COMBINED MAGNETIC VARIATION GRADIOMETRY MEASURE-
MENTS AND MAGNETOTELLURIC MEASUREMENTS IN ICELAND

W. M. Slocum

L. J. Alvarez

J. F. Hermance (all at: Dept. of Geological
Sciences, Brown University, Providence, RI
02912)

In magnetotelluric surveys one is often faced
with interpreting data which, while satisfying
a tensor impedance relation, must be resolved
into principal resistive values parallel and
perpendicular to the strike of elongated electri-—
cal heterogeneities at the surface. The objec-
tive of such,an analysis is to evaluate the
principal resistivity calculated using the com—
ponent of the electric field polarized parallel
to the strike of a surficial electrical discon-
tinuity. Madden, Swift, and Wright have persua-
sively argued that for 2-D surficial structures
at long periods; the parallel principal resis-
tivity is the more representative of the average
deep structure in a region. Unfortumately, in
many cases the choice of the parallel strike
direction is not unambiguous, and one would pré-
fer an objective criterion onwhich to base this
determination.

We describe a method, which follows the sug-
gestions of Price, Schmucker, Kuckes, and
Connerney, in which measurements of the magnetic
field components and their horizontal gradients
alone can be used to obtain an apparent conduc-
tivity of the earth. This method therefore
leads to an estimate of the apparent conductivity
at a particular period which is independent of
the value determined from a magnetotelluric ex-
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periment in the same region. We illustrate the
application of combined magnetotelluric and
magnetic variation gradiometry measurements in
Iceland toward the resolution of an ambiguity
in selecting parallel resistivity estimates at

several sites in the Icelandic neovolcanic zone.
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REGIONAL RESISTIVITY STRUCTURE AT THE ROOSEVELT
HOT SPRINGS, UTAH, KGRA FROM MAGNETOTELLURICS:
THEORETICAL 3-D MODEL STUDIES

Philip E. Wannamaker (Dept. of Geology & Geo-
physics, Univ. of Utah, Salt Lake City, Utah,
84112)

Gerald W. Hohmann (Univ. of Utah)

Ninety-three MT soundings at the Roosevelt
Hot Springs (RHS) show a complicated geoelec-
tric makeup dominated by major Basin-Range
structural trends. Many important effects of
these trends have been simulated using conduc-
tive prisms in a conducting earth by a 3-D
integral equation numerical algorithm. Region-
al distortions of the electric field, due to
current-gathering in the Milford Valley sedi-
ments nearby to the west, invalidate 1-D and
2-D transverse electric (TE) interpretation
schemes. Letting x be the northerly strike
direction of regional features, principal re-
sistivity ¢, and impedance phase ¢xy for the
3-D prismatic valley model depart significantly
from the 2-D TE apparent resistivity and phase
below about 0.3 Hz. 1In spite of this finite
strike extent of the valley sediments however,
principal quantities g, , and .« over much of
the prism may be modeled successfully for all
frequencies with a 2-D transverse magnetic (TM)
algorithm. When small-scale geologic noise is
present, rotation of data axes for all sound-
ings to 2 uniform direction, compatible with
major geologic trends or MT strike estimators
not distorted to arbitrarily low frequencies
by the geologic noise, generally gives best
results.

eP 93

ELECTROMAGNETIC INDUCTION STUDY OF
THE SWABIAN ALP, IN PARTICULAR URACH
VOLCANIC AREA

M.L. Richards {Institut flir Geophysik
3400 Gdttingen, Postfach 876, W.Ger.}
U. Schmucker (same adress)

E. Steveling (same adress)

Surveys in 1978/79 established a pro-
file of stations to measure electromag-
netic variations along the length of

the Swabian Alb, with most effort con-

centrated in the volcanic area of Urach.

This area has a geothermal anomaly, and
the associated induction anomaly has
been studied by Berktold & Kemmerle,
revealing a strong regional polarisa-
tion in electric field normal to strike
of the Alb. Our interest is to extend
the frequency range to lower freguen-
cies in order to look for possible
deeper structure. Anomalous horizontal
magnetic variations near the volcanic
structure are mainly in the EW compo-
nent, and stronger with increasing
frequency. Anomalous vertical component
is another diagnostic of the volcanic
remnant. Magnetotelluric soundings

show a resistive crust., The impedance
tensor is mildy anisotropic.

GP

EVIDENCE FOR A LOCALIZED DEEP CONDUCTOR
UNDER THE MICHIGAN BASIN

R. C. Bailey (Department of Physics,
University of Toronto, Toronto M5S 1A7)
(Sponsor: G. D. Garland)

Geomagnetic variation measurements in
southern Ontarioc reveal the possible
existence of a zone of anomalously high
electrical conductivity in the crust or
upper mantle lying to the west of Lake
Huron. This is most clearly seen in the
long period (T = 1 hour) induction
vectors, which are small and point west
from all sites north of Lat. 45°.
Vectors at shorter periods are larger
and point scuthwest, presumably also
showing the effects of the well-
described Appalachian conductor. It is
possible that the conductor west of Lake
Huron is associated with the Michigan
Basin.
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EXACT NON-LINEAR INVERSION OF THE ELECTROMAGNETIC
INDUCTION PROBLEM

David Garbasz (Institute of Geophysics and
Planetary Physics, Scripps Institution of
Oceanography, University of California, San
Diego, La Jolla, CA 92093) .

R. L. Parker (Institute of Geophysics and
Planetary Physics, Scripps Institution of
Oceanography, University of California, San
Diego, La Jolla, CA 92093)

A new mathematical treatment of the one-
dimensional electromagnetic induction problem
shows that useful inroads can be made into the
two problems, that of existence of solutions and
that of their construction.

Existence

This problem has been completely settled,
mainly because it can be reduced to a linear
probiem with convex constraints.

Construction

Given the "data," the response function of a
finite number of frequencies, we give exact non-
iterative ways of construction models fitting
the data.

Since in this case the solutions are not
normally unique we define special classes of
functions (such as slab modeis, & function
models) and choose the unique optimal model in
each class by demanding that it minimize some
misfit criterion.

Applying these methods to the data set of
Larsen we show a simple procedure for generating
special models whose misfits are very close to
that of the best filling model.
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MANTLE CONDUCTIVITY : AN INVERSION USING
BAILEY'S METHOD

J. Achache (IPGP and DST, Univ. of Paris 6 and 7,
Place Jussieu, 75230 Paris Cedex 05, France)

J.L. Le Mouél

V. Courtillot

We have implemented an algorithm based on
Bailey's solution of the inverse problem of
electromagnetic induction in the Earth. The algo-—
rithm has been successfully tested to provide
reliable estimates of conductivity down to a
depth of 2000 km, when synthetic data in the
period range from 4 days to 1] years are used.
The study was motivated by recent determinations
of very long period data {(Ducruix et al, 1980)
and also benefited from recent redetermina-—
tions of high frequency data (Anderssen et al,
1979). Smooth data sets, which are required for
the inversion, have been constructed from these
various sources. The range of inverted models
is less that one order of magnitude. Due to
a lack of high frequency data, the conducti-
vity of the upper 600 km of the mantle may be
overestimated (order 10-19-1m~1). The algo-
rithm performs well in the middle mantle,
where conductivity rises steadily from I to
50 @ lm~!. The lack of very low frequency
data and limitations of the algorithm prevent
one from obtaining meaningful estimates in the
lower mantle. However, study of the propagation
of the 1970 secular variation acceleration
(Courtillot et al, 1978 ; Achache et al, 1980)
provides an estimate of the mean conductivity
of the whole mantle ; thus a complete mantle
profile can be constructed. It is found that
deep mantle conductivity probably does not
exceed a few hundred o~ lw~l.
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GEOMAGNETIC DEPTH SOUNDING: THE PROB-

LEM OF SPLITTING EXTERNAL AND INTERNAL
ORIGIN GEOMAGNETIC FIELDS

G. P. Gregori (Istituto di Fisica
dell'Atmosfera/CNR, 26144 Rome, Italy)
L. J. Lanzerotti (Bell Telephone Labora-
tories, Murray Hill, New Jersey 07974)

The time-varying geomaanetic field
recorded at any given site on the
earth's surface is the sum of the exter-
nal origin field, displaying essentially
large~scale (i.e., ionospheric/magneto-
spheric) characteristics, and of the
"internal-origin" field (displaying
strictly local scale features). For
this reason, the splitting of external
and internal origin fields should be
performed on a local scale, not global
as in the classical methods due to Gauss
[1838] and Vestine [1941). We derive a
procedure that indicates that at each
around-based measurement site, for a
given frequency, there is a direction
along which the magnetic field is of
purely external origin. The derivation
thus suggests that for this unigue
direction (which is a function of fre-
quency) the influence of the underground
conductivity structures is absent and a
component of the external origin field
is obtained.
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OPTIMIZING THE ANALYSIS OF REGIONALIZED GLOBAL
INDUCTION PARAMETERS

P. S. Nolen

J. F. Hermance (Both at: Dept. of Geological
Sciences, Brown University, Providence, RI
02912)

(Sponsor: J. F. Hermance)

The recent thrust of research at Brown Univer-—
sity has been to address the question of lateral
variations of electrical properties in the upper
mantle from a depth of 50 km to the tramsition
zone (400-600 km). A basic question is whether
the transition zome is a smooth feature or is
characterized by lateral variations. To effec-
tively investigate the transition zone using
natural phenomena, a frequency band must be used
which has hitherto been underutilized. Regional
studies have by-and-large been restricted to
periods of less than 1 hr-10* sec, whereas
classical global studies have been concerned with
Sq variations, diurnal variations and longer
period phenomena. Global studies have favoured
hourly averages whereas regional studies have
favoured digitizing intervals as short as
10-100 sec. The purpose of this paper is to
address the question of the optimal data-process-
ing technique for the intermediate frequency
domain (1-24 hours). We have compared the
analysis of specific classes of phenomena, e.g.
the 8q variation as well as the storm time vari-
ation, for various sampling intervals and
averaging techniques. We have found that signi-
ficant degradation of the estimated parameters
occurs at periods less than 24 hours when analy-
sis is restricted to hourly averages. At present,
the most effective analysis appears to be a very
close sampling of digitized data (60-100 samples/
hour) with filtering and decimation of the data
prior to calculation of the Fourier Transforms.
Moreover, we place a great deal of emphasis on
constant-Q band averaging of cross-power spectra
rather than averaging over fixed numbers of
harmonic coefficients. Multi-station estimates
appear to be less biased than single-station
estimates.

6P 99

CONTINUOUS UPPER MANTLE CONDUCTIVITY MODELS AND
THEIR APPLICATION TO SATELLITE DATA

E. M, Didwall (Earth § Planetary Sciences, The

Johns Hopkins University, Baltimore, MD 21218}

A numerical method is presented which utilizes
an electrical conductivity profile continuous with
depth, This approach differs from previous con-
ductivity models which employ homogeneous spheri-
cal shells of constant conductivity. The proce-
dure solves for the potential of the poloidal part
of the induced magnetic field within the earth by
assuming a dipole (first spherical harmonic) ex-
ternal harmonicly varying magnetic field., This
assumption reduces the field equations to ordinary
differential equations which are ther solved using
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a Runge-Kutta algorithm. Upon solving the field
equations, the frequency response function for a
given conductivity profile is calculated. Using
various modéls for crustal and upper mantle con-
ductivity, the frequency response function for
frequencies of 0.2 to 2 cycles/day is calculated.
The effects of a '"world ocean" of fixed conduc-
tivity of 35/m are also examined. These results
are then compared to estimates of the frequency
response function as obtained from analysis of
satellite magnetic field data, These response
functions are, in general, lower than those ob-
tained from land observatories, with magnitudes
from 0.2 to 0,34, and phases from approximately
zero to 12°, For the simplest model, a conduc-
sphere, for frequencies below 1 cycle/day, the
satellite data indicates a conductivity between
0.015/m and 0.03%/m while land,data (Banks, 1972)
indicates a conductivity.near 15/m.
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Sediment Transport
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E. A. McBean (Univ. of
Waterloo), Presiding

H1

EXTRACTION AND UTILIZATION OF UNPROCESSED
LANDFILL GENERATED METHANE GAS

Anthony J. Crutcher

Frank A. Rovers

{both at: Conestoga-Rovers & Associates
651 Colby Drive, Waterloo, Ontario, Canada)
(Sponsoxr: Edward McBean)

A research study conducted by Conestoga-
Rovers & Associates under contract with
Environment Canada has indicated that it

is technically feasible and economically
viable to extract and utilize landfill gas
in an unprocessed state. The study was
conducted at a privately owned landfill

at St. Thomas, Ontario. The gas extraction
and utilization system included a three
foot diameter gas extraction well, gas
monitoring probes installed radially from
the well, a continuously operating gas
pump, waste gas outlet and an onsite green-
house heated by a modified forced air gas
furnace. The system operated continuously
for a five month period in the winter of
1979. Tomato plants were planted in
February 1979 and successfully grown in

the greenhouse which was heated with the
landfill generated methane gas. The first
crop of tomatoes were picked in May 1979.
The major conclusions of the study are:

the recovery of landfill gas is both
feasible and economical; it is feasible

to use landfill gas in an unprocessed state
for local space heating or process heating;
and, landfill generated methane gas is a
reliable fuel, given the limitations of
its production.

H2

GEOCHEMISTRY OF SELECTED LAKES IN NEW YORK
STATE WITH SIMPLE MORPHOMETRY

Martin Wahlen (Division of Laboratories and
Research, New York State Department of
Health, Albany, NY 12201} angd

Roger C. Thompson

(Sponsor: Yngvar Isachsen)

Three lakes remote from populated regions in
New York State with minimal watershed areas
have been investigated geochemically. Rocks
and soils from the drainage area, and lake
sediment cores and lake waters were analyzed
for a number of major and trace element con—
centrations. Sediment cores were dated radio-
metrically (219Pb, 137cs) and the sedimenta~
tion rates ranged from 0.011 to 0,013 g
cm~éyrT*. Opb-fluxes to the sediments were
0.7 - 1.2 dpm cm'zyr'l. For the ensemble of
sediment core samples for each lake sectioned
with a depth resolution of 1.2 cm, the concen-
trations of K, Ca, Ti, Mn, Fe, Rb, Sr and Zr

were all log normally distributed, the average
values being very close to the average values
obtained in watershed soil samples. Unaltered
soil material therefore accounted for the ob-
served fluxes into the sediments. For Pb, Zn,
and Cu bimodal distributions were observed
with lower average values in deeper (older)
sections and higher average values in more re-
cent depositions, which are attributed to
cultural pollution. For Pb the average soil
concentrations were found to equal the higher,
for Zn and Cu to equal the lower average sedi-
ment values, indicating effective retention on
soil for Pb and higher mobility for 2n and Cu.
Estimates were obtained for atmospheric and
land derived contributions of Pb, Zn and Cu
to the sediment inventory.

Comparison of the data sets between the
acidic (pHVv4) and a nonacidic lake (pHV7),
both under similar acid precipitation, shows
that more rock erosion material and clay are
present in the watershed soils and conse-
quently transported to the sediments of the
nonacidic lake. This is reflected in the en-
hanced concentrations and fluxes of Si, Ti,
Fe, Rb and 2Zr.

H3

FACTORS AFFECTING CHEMISTRY OF ACID MINE DRAINAGE
FROM UNDERGROUND PITTSBURGH COAL MINES

Cleason P. Smith (Geraghty and Miller, Inc., 703
Giddings Avenue, Annapolis, Maryland 21401)
Henry W. Rauch (419 White Hall, W.V.U., Morgan-

town, West Virginia 26506) M .

The chemistry of acid mine drainage from 24
drift mines in the Pittsburgh coal seam was
studied in Monongalia County of northern West
Virginia. These effluents exhibited the follow-
ing median values for major chemical parameters:
pH - 2.85; sulfate - 1100 mg/l; total hardness —
528 mg/1 as CaCO3; aluminum - 39 mg/l; and total
iron - 254 mg/l. Assuming that pyrite dissolu-
tion is the source of sulfuric acid and iron, an
average of 71 percent of the original dissolved
iron still remains dissolved or suspended in
drainage within the mines. Most of this irom
appears to be in a dissolved state.

The pH of mine drainage ranged from 2.5 to 3.0;
the acid character of these effluents probably
results mainly from oxidation and dissolution of
pyrite. The consistency of pH values is also
attributed to other factors. The oxidation and
precipitation of iron would tend to counteract
pH rises resulting from ground-water dilution,
carbonate dissolution, and clay mineral dissolu-
tion.

The drainage chemistry of Pittsburgh coal
drift mines is related to the age of these mines,
in that concentrations of sulfate, total iron,
aluminum, and total hardness decrease with in-
creasing mine age. For example, sulfate de=
creases about 100-150 mg/l per year over at
least a 20 year span. These trends probably re-
sult from: (1) slower rates of chemical weather-
ing of pyrite in coal and gob materials over
time, associated with build ups of inert resid-
uval rinds on exposed rock surfaces; and (2) de=
creased amounts of fine-grained coal and rock
fragments in older mines.

H4

STATISTICAL TECHNIQUES OF STREAM EVENTS
WITH APPLICATION TO HYDROGRAPH CONTROLLED
RELEASE OF WASTEWATERS

Vietor L. Zitta

Department of Civil Engineering
Mississippi State University
Mississippi State, MS 39762

Donald 0. Hill

Department of Civil Engineering
Mississippi State University
Mississippi State, MS 39762

Discharge of wastewater during stream
events has become a popular method to meet
instream water quality standards in small
streams while minimizing or eliminating
energy costs associated with advanced waste
treatment. This method, called hydrograph
controlled release, is based upon the sto-
chastic nature of stream events where an
event is defined as a maximum in the dis-
charge time series irrespective of magni-
tude or time of occurrence. The time span
between events determines storage require-
ments for the wastewater. This paper
sets forth a methodology applicable to the
hydrologic design of wastewater discharge
into receiving streams utilizing their

This page may be freely copied

natural stochastic rise and fall. The log~
normal distribution function was deemed
adequate by the Kolmogorov-Smirnov test to
describe the histograms of maximum annual
spans between stream events of specified _
magnitude. Based upon this distribution,
the time of storage during low flow periods
can be specified with a given cumulative
probability or return period. Size of the
storage system is a linear fumction of

the volumetric inflow rate for the
probability selected

H5

SELECTION OF OPTIMAL DIFFUSE AGRICULTURAL
POLLUTANT CONTROLS i

J.R. Cousins (Dept. of Civil Engineering,
University of Waterloo, Waterloo, Ontario,
N2L 3G1)

E.A. McBean

Because of the difficulty and cost of control-
ling diffuse agricultural sources of nutrients, an
efficient scheme to select abatement strategies
is required. A general linear programming model
is developed to select from a large number of
remedial measures incéluding buffer strips, crop
rotation, mo-till cultivation, slow-release
fertilizers, strip cropping, etc. Particular
attention is given ‘to the nonlinear and either/or
characteristics of the efficiency of nutrient
abatement and costs for the remedial measures.

A case study application of the model to
Canagagigue Creek, a tributary of the Grand River
in the Lake Erie basin is-included. Typical
problems solved include 1300 constraints and

2250 variables. The results of multiple objective
studies reflecting attention to whom the costs
acerue, and the resulting overall diseconomies are
developed.

Hb

COMPARISON OF DEPTH AND POINT INTEGRATED
SUSPENDED SEDIMENT SAMPLES

W. G. Dorough (Chief, Water Quality afid Sediment
Section, U.S. Army Corps of Engineers, Omaha
District, Omaha, Nebraska 68102)

W. J. Mellema (Chief, Hydraulic and Hydrology
Section, U.8. Army Corps of Engineers, Missouri
River Division, Omaha, Nebraska 68101)

Depth and point integrated suspended sediment
sampling data collected from the Missouri River at
Omaha, Nebraska is analyzed to permit a rational
basis for adjusting the routinely collected depth
integrated (DI) samples to more accurately reflect
the amount of bed-size materials in suspension.
This paper will present the results of the analy-
sis; discuss reasons accounting for the differ-
ences in the two types of data; show graphically
how the differences (by grain size fractions)
vary with grain size; and provide corrective
factors for adjusting the DI-samples, using the
point integrated (PI) samples as the base from
which to make the adjustments. The analysis is
derived from 90 sampling dates over 23 years of
sampling record. Each sampling date consists
of ten sampling verticals in the channel cross-
section with five being duplicate DI-PI sampling
locations and five being DI-sampling locations
without PI-samples. Each DI-PI sampling location
consists of a single Di-sample, accompanied with
point velocity and concentration measurements
taken at four to six elevations in the vertical.

H7

SUSPENDED SEDIMENT PRODUCTION FROM A
FORESTED WATERSHED IN SOUTHEAST ALASKA

J, D, Stednick, U,S,D,A, Forest Service,
Tongass National Forest, P, O, Box 1980,
Sitka, AK 99835

Suspended ‘sediment production from an
undisturbed forested watershed was monitored
for three years, . The watershed of 34.2
square kilometers had an average 2,300 mm of
annual runoff, distributed in a biomodal
pattern,

Suspended sediment samples were obtained
with automatic pumping water samplers, hand-
held depth-integrated samplers and surface
grab samples. Optical turbidity, measured
as NTUs, was poorly correlated to gravimetric
analysis. Grab and automatic pumping water
samplers recovered comparable suspended sedi-
ment concentrations. However, grab samples
collected an average of 64 percent of the
suspended sediment sampled by the depth inte-
grated sampler,




Suspended sediment pulses occurred during
fall runoff events. Suspended sediment pro-
duction appeared to be a function of the
ratio of the change in discharge per change in
time and not the magnitude of discharge.
Hysteresis loops between suspended sediment
production and discharge were common, but
not universal for fall storms.

Suspended sediment associated with spring
runoff events was uncommon, Since suspended
sediment production appears to be correlated
to the change in discharge over the change
in time ratio and the in-stream availability
of sediment, discharge cannot be used as an
independent predictor of suspended sediment
production for watersheds in Southeast Alaska.

H8

CHANNEL MORPHOLOGY AND SEDIMENT CHARACTER-
ISTICS: A COMPARATIVE STUDY OF SEMIARID
AND HUMID REGIONS

Sherman N. Shewmaker Author (Dept. of Geog-
raphy, Indiana University, Bloomington,
IN 47405)

Lawrence J. Onesti Author (Dept. of Geog-
raphy, Indiana University, Bloomington,
IN 47405)

A comparative study of channel morphology
and channel perimeter sediment characteris-
tics was conducted for a set of rivers,
thirty-one of which are located in the Mid-
west, and thirty-eight in the Great Plains.
Examining drainage basins of equivalent size
(518 - 67,340 km2), the mean annual flood
discharge was four times greater in the Mid-
west than in the Great Plains; correspond-
ingly, both average channel width and chan-
nel depth were at least twice as great in
the Midwest, however, channel width/depth
ratios were greater in the Great Plains.
Average percent silt and clay in the channel
bank is similar for both regions, but Mid-
western streams average fourteen percent
more silt and clay in the channel bed. Chan-
nel shape and sediment characteristics sug-
gest that a larger percentage of the total
load for Great Plains streams is transported
as bedload with the converse true for Mid-
western streams.

Regression analysis suggests that discharge
explains a greater amount of variation in
channel morphology in both regions; however,
this relationship is much stronger in the
Midwest. Percent silt and clay in the chan-
nel perimeter explains a small, but in most
cases significant, amount of variation in
channel morphology, and this relationship
is strongest in the Great Plains.

H9

SATELLITE DETECTION OF SEICHES IN GREAT SALT
LAKE, UTAH

Craig P. Berg (NOAA/National Environmental
Satellite Service, Washington, D.C. 20233}
Michael Matson {(NOAA, National Environmental
Satellite Service, Washington, D.C. 20233)
(Sponsor: Donald R. Wiesnet)

On June 15, 1977, an unusual brightness anomaly
was detected in the north arm of Great Salt
Lake, Utah, on NOAA-5 Very High Resolution
Radiometer {VHRR) visible band imagery and on
Landsat-2 multispectral visual band imagery.
Retrospective inspection of NOAA-3, 4, and S
satellite imagery from 1974-77 revealed twelve
previous cases of the anomaly, whereas post-
monitoring documented nine other cases through
May 1978. Comparison of lake levels in the
north arm with meteorological parameters leads
to the conclusion that the anomalous brightness
is associated with wind-induced seiches in the
north arm. Apparently the wind induces a lower
water depth, turbulence, and mixing throughout
the water column in the western third of the
north arm, thus increasing the brightness of the
surface waters chiefly from sediment resuspen-
sion.

H 10

PROCEDURES FOR A NATIONAL INVENTORY OF
IRRIGATION WATER USE

T. D. Steele

F. J. Heimes (U.S. Geological Survey, Lakewood,

Colo. 80225)

A. L. Higer (U.S. Geological Survey, Miami,
Fla. 33155)

Withdrawal of surface and ground water for
irrigated agriculture currently constitutes
about 80 percent of the fresh water consumed
in the United States. Approximately 92 per-
cent of the irrigation water is withdrawn in
14 western States and Florida. Total water
use for irrigation in the United States has
increased from an estimated 110 billion
cubic meters in 1950 to 197 billion cubic
meters in 1975. This increase in irrigation
withdrawals is decreasing ground-water storage
in several western States. There also is
increasing competition for both surface- and
ground-water resources because of population
growth and energy development in the western
States.

Accurate estimates of national water use
are required to project future demands and to
provide a base for long-term planning.
Procedures for conducting a national inventory
of irrigation water use need to include: (1)
Determining objectives, scope, total costs,
and personnel requirements; {2) collating and
analyzing existing data; (3) determining data
to be used or collected, including water
source, type of irrigation, and crop needs
and consumptive use; (4) developing data
acquisition {retrieval, on-site, or remote
sensing) methods, and data-analysis techniques;
and (5) presenting data in a form usable to
water-managers and land-use planners. Such
inventory procedures could help identify
water-use problem areas and aid in designing
water-management proposals for various regions
of the United States.

Surface Water
Wellington

Thursday P.M.

Hugh Whitely (University of
Guelph), Presiding
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CHANGES IN THE DISCHARGE OF SELECTED RIVERS IN
BRITISH COLUMBIA DURING THE PERIOD OF INSTRU-
MENTAL RECORDS

Gary Barrett (Department of Geography, Univer-
sity of British Columbia, Vancouver, B.C.,

V6T 1W5)

(Sponsor: Olav Slaymaker)

The average discharge of many rivers in
British Columbia appears to have undergone a
"step-increase" of about 20 percent in the mid-
1940s. The magnitude of the change is geo-
graphically variable. In most cases the rec—
ords suggest that discharge has been stationary
since the increase. An analysis of selected
records for the other components of the water
balance - storage, evapotranspiration, and
precipitation - indicates that an abrupt
increase in precipitation in the mid-1940s,
particularily in the winter months, was respon—
sible for the increase in runoff. There is
evidence for similar, but smaller changes
apparently associated with summer precipitation
regional fluctuations during the early 1930s
and around 1950. The ultimate cause of the
precipitation changes is uncertain, but is
presumably linked with changes in characteris-
tic synoptic patterns deriving from the wester—

ly circulation.

H 12

SOLAR-GEQPHYSICAL CHRONOLOGY OF PRECIPITATION &
RUNOFF OF THE GREAT LAKES-ST.LAWRENCE RIVER,
1826 - 1979

R. S. Goodridge, Hydraulic Engr., ex-Federal

Power Comm., 7103 44th Street, Chevy Chase, Md.
20015
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Solar radiations, in mid-latitude North America
affect precipitation, and the residual, runoff,
which Tags 20-25 years. The long-term averages
for graphic presentation, are based upon the
postulate: The sun is a heat engine driving
the global circulation through it's working
fluids, the atmosphere and the oceans. Streiff,
Chicago, cited hydraulic engineering as dealing
with cumulative values, as small secular differ-
ences, sustained over long periods, become

great and important effects. The longer runoff
records began near 1860, as the Great Lakes-St.
Lawrence &t Ogdensburg, N.Y., 1861-1956, USGS

& Corps of Engineers; 1956-1979, USGS, monthly
reports, WRR. A back-sight to 1826-1860, pre-
runoff precipitation, and to 1700-, Swiss sun-
spot numbers, Rz, converted to Zurich areas 10-
dices, la, after Poulakis-Tritakis, Athens, .
Greece, modified to allow Ia to reach zerog with
Rz, by graph, yields indices in percentiof the
la, 1835-1935 average, which cumulated forms

the central MINOR flanked by MAJORS. See Fig.I.
Scales of precipitation and runoff are fitted to
amplitude of MINOR. Note rise of St. Lawrence to
201 in 1979. This rise is 53% of the linear of
Ia, through Dec. 1979. An inference is that St
Lawrence flow may continue to rise to 1994,

after which a recession may persist to about 2040,

based on trends of the past 280 years. Possible
extension from paleo-magnetic data of sediment
borings from the Great Lakes, as those of Prof,
Lund, from Kylen Lake, 35 miles NE of Duluth, to
Seneca Lake, Geneva, N.Y., may add.to that pre-
sented.  The Toronto Region has much to offer to
an up-date of hydrologic studies, in progress,
for the Thames basin, west of London; the Rhine,
above Basel; and the Indus River, at Attock.
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FORECASTING MONTHLY RIVERFLOW SERIES

D.J. Noakes (Dept. of Systems Design, Univ. of
Waterloo, Waterloco, Ontario, Canada, N2L 3G1l)

K.W. Hipel (Dept. of Systems Design, Univ. of
Waterloo, Waterloo, Ontario, Canada, N2L 3Gl

A.I. McLeod (Statistics and Actuarial Science
Group, The Univ. of Western Ontario, London,
Ontario, Canada, N6A 5B9)

An important consideration to hydrologists is
the selection of an appropriate stochastic model
to be used in the design and operation of water
resource systems. The basic idea behind model
selection is to choose a model from a set of mo-
dels under consideration, such that the selected
model best describes the data according to some
criterion. Of particular interest in hydrologic
applications is the performance of the model in
producing one step ahead minimum mean squared
error (MMSE) forecasts.

Menthly riverflow data is used to test the
forecasting ability of three stochastic models.
Seasonal autoregressive integrated moving aver-
age (SARIMA), monthly autoregressive (MONAR),
and deseasonalized autoregressive moving aver-
age (ARMA) models are fit to a number of trun—
cated monthly riverflow time series and one
step ahead forecasts are generated and compared
to the remainder of the time series. The re-
sults from sensitive statistical tests show
that both the SARIMA and MONAR models often
forecast better than the deseasonalized ARMA
models. However, both the SARIMA and MONAR
models appear to forecast equally well for the
series which were examined.

H 14

FLOOD VOLUME FREQUENCY ANALYSIS FOR SMALL
BASINS IN PENNSYLVANIA

Robert T. Zulick (Corning Urban Renewal Agency,
Corning, NY 14830) and Larry M. Younkin
(Department of Civil Engineering, Bucknell
University, Lewisburg, PA 17837

A study of annual flood volumes was under-
taken as a first step in the development of a
method of synthesizing design hydrographs for
drainage structures which would utilize storage
rather than to simply pass steady peak flow.
The data were obtained from systematic stream
station records for six small watersheds in
Pennsylvania. The areas of the basins ranged
from 8 to 98 sq.km. and the average period of
record for the stations was 30 years.

Criteria for the identification of the
annual maximum flow volume were established.
Discharge cutoff limits equal to six times the
mean annual flow for each station were used to
define the beginning and end of an event. Fre-
quency analyses were performed on the six sets
of volume data using the extreme value and log-
Pearson Type III distributions. A variability
factor was used to test which method "best fit"
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the data sets. These results were inconclusive
although the log-Pearson Type IIX analysis is
recommended. It was also found that about two-
thirds of the maximum volume events were asso-
ciated with the maximum peak events for the
year -

H 15

A GENERALIZED MARKOV MILXTURE
MODEL FOR DROUGHT SIMULATION

Richard M. Vogel (Dufresne- Henry, Inc.
Precision Park, North Springfield, Ve. 05150)
Soronadi Nnaji (Civil Engineering Dept.,
Clemson University, Clemson, SC 29631

A variety of stochastic models have been de~
veloped to model droughts. Most of these models
have been developed for generating Normal annual
series. The few, exemplified by the Modified
Thomas-Fiering model {MTFM), that have been de—
veloped to simulate within year flows have not
satisfactorily preserved the statistics of ob-
served droughts.

In this paper we describe 2 new model, the
Generalized Markov Mixture model (GMMM), which is
an extension, in several directions, of Jackson's
Normal Markov Mixture model for annual flows.

The GMMM incorporates seasonality. It allows for
a skeved distribution and linear dependency in
streamflow.

Model validation tests show that this model
preserves the basic statistics of flow upon which
it is based. It reproduces the distribution of
observed drought lengths at the 95% confidence
level and the distribution of drought magnitudes
at the 90% level. With the above results the
GMMM was superior to the MTFM though inferior to
the Stanford Watershed Model {SWM). The CMMM
however, preserved the most critical statistics
(i.e. the maximum negative run-sum and run-—
length) better than the SWM.

An application of the GMMM in a reservoir
sizing problem is demonstrated.

H.16

PARAMETER ESTIMATION OF ARMA MODELS

K. Adamowski (University of Ottawa,
Department of Civil Engineering, Ottawa,
Canada, KIN 9B4)

Linear models of time series involving
autoregressive-moving average (ARMA)
representation play an important role in
many areas of engineering. In model
development procedure, the ldentification
stage is usually based on human observation
of autocorrelation patterns, and as such 1is
not very rigorous. This paper examines
a consistent and sequential method for
estimating the orders and parameters of
ARMA processes, and it is based on
sequential least squares estimates of
pure autoregressive models.

H 17
MODELLING DISPERSION IN NATURAL FLOWS

Tom Beer (Centre for Resource and
Environmental Studies, Australian
National University, Canberra
ACT Australia.

The dispersion behaviour of streams is
generaily modelled by the Fickian diffusion
equation which requires the velocity U and
dispersion coefficient D as known inputs.
An alternative approach is to use lumped
parameter models that divide the streams
into a number of reaches and express the
dispersion within each reach in terms of
a first order differential or finite
difference equation.

This paper compares the results of the
two modelling strategies when they are
applied to dye tracing experiments con-
ducted on two rivers in Australia - one,

a concrete lined channel near Canberra,
and the other a flooded irregular creek
in the Northern Territory.

Provided that the data is of a suitable
form (i.e. equally spaced in time) then
the lumped parameter formulation provides
a better approximation to the observations
than do the diffusion equation based
approaches.

H 18

APPLICATION OF A FINITE ELEMENT STORM
HYDROGRAPH MODEL

Dinshaw N. Contractor

Timothy C. Banta (Both at: Cilvil Engine-
ering Department, Virginia Polytechnic
Institute, Blacksburg, Va. 24061)

A finite element storm hydrograph
watershed model 1s applied to several water—
sheds in an ungaged context. The model con-
sists of two parts; the gemeration of preci-
pitation excess, and routing of the rainfall
excess to the outlet of the watershed. Soil
maps and land use maps are superimposed to
define homogeneous hydrologic response units
(HRU). Precipitation excess, from each HRU,
is determined by the Holtan equation. The
routing segment employs finite element theory
to solve the one-dimensional, unsteady par—
tial differential equations of continuity and
momentum with the kinematic wave approxima-
tion. The application of the finite element
model to small watersheds in Virginia has
met with very good results. This is the
first time the model has been applied to
larger basins, and to watersheds outside the
State of Virginia. Six watersheds selected
by the Work Group on Floodflow Frequency,
Ungaged Watershed Hydrology Committee, Water
Resources Council are analyzed by this model.
The same input data specified by the Work
Group was used. Results are compared with
the 2-,10-,100-year flows obtained by fre-
quency analysis of annual peak flows at each
site. The peak flows obtained by the appli-
cation of various other models are also com-
pared with the results from the finite ele~
ment model.

H 19

SOME EXPERIMENTS WITH
NONPARAMETRIC MARKOV MODELLING

A. I. McLeod (Department of Mathematics, The
University of Western Ontario, London, Ontario
N6A 5B9)

K. W. Hipel (Department of Systems Design,
University of Waterloo, Waterloo, Ontario
N2L 3G1)

A class of Nonparametric Markov models which
provide a very general model for nonlinear sta-
tionary time series has recently been introduced
by Yakowitz. Some further developments including
the use of residuals for model checking and the
use of the Akaiki Information Criterion for model
selection are discussed. Some experiments com-
paring the Nonparametric Markov model and the
ARMA model for forecasting on annual geophysical
time series and synthetic time series are
reported.
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BAYESIAN APPROACH TO HYDROLOGIC
MODEL CHOICE

R. G. Quimpo (Dept. of Civil Engineering,
University of Pittsburgh, Pittsburgh,
Pennsylvania 15261)

Ali-Bux Brohi

Sampling variations in hydrologic data
often make it difficult to discern statis-
tical patterns which are used to discrimi-
nate among time series models for the process.
This paper examines the use of Bayesian
theory in choosing between two competing
models of hydrologic time series.

Using synthetic data from a known genera-
ting process and assuming equal prior proba-
bilties for two candidate models, the proce-
dure is found to consistently yield much
higher posterior probabilities for the true
model. Through pair-wise analysis, the tech-
nique may be employed to choose from among
several candidates. Although the procedure
appears insensitive to the prior, a non-diffuse
assumption is easily incorporated in the
technique. The effect of data length on the
discriminatory power is also examined. The
procedure is tested on historic data and
results are compared with other suggested
techniques for model selection and validation.

This page may be freely copied
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A BAYESIAN APPROACH TO STORAGE YIELD ANALYSIS

M. Gonzdlez Sanabria
J.B. Valdés
I. Rodriguez-Iturbe

{all at: Graduate Program in Water Resources,
Universidad Simdén Bolivar, Caracas,
Venezuela) .

Reservoir capacity and storage yield
estimates are highly dependent on the
coefficient of variation and serial correlat-
ion parameters of streamflow series. Data
generation techniques have been widely used
in the determination of reservoir capacities
and yields. In this type of methodologies,
historical parameters of hydrological series
are preserved as the best estimates of
population parameters. The influence of the
Bayesian approach where the parameters of
the generating models are considered as
random variables, is analyzed regarding
reservoir capacities and yields for several
Venezuelan basins, and the importance of the
parameter uncertainty regarding storage-
yield characteristics is explicitly evaluated
for those basins. The correlation structure
at the annual level is also examined by means
of comparing storage yield characteristics
obtained -through desagregation procedures
against those found through monthly synthetic
generation with no explicit ties with the
annual series.
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MODELLING IRRIGATION WATER DEMAND

D.R. Maidment (Water and Soil Division,
Ministry of Works and Development,
Christchurch, New Zealand)

P.D. Hutchinson

An Irrigation Demand Assessment model (IDA)
has been developed to simulate the pattern of
water demand from large irrigation areas.

IDA computes a time profile of irrigation
demands by means of a daily soil moisture
balance using measured rainfall and
evaporation data, taking into account the
areas of different crop and soil types, and
the efficiency of the irrigation method being
used. IDA has been validated against
historical data supplemented by detailed
field surveys and is used to estimate the
demands of proposed large scale irrigation
projects in the Canterbury reglon of New
Zealand. By comparing these demand profiles
with river flow data the frequency and
magnitude of supply shortages is estimated.

General Groundwater
Pier7&8

Friday A.M.

G. E. Grisak (National
Hydrology Institute), Presid-
ing '
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STATISTICAL ANALYSIS AS A TOOL IN EVALUATING THE
EFFECT OF DROUGHT ON SHALLOW GROUND-WATER LEVELS

A. Zaporozec (Wisconsin Geological and Natural
History Survey, Madison, WI 53706)

In arid areas, droughts and resulting water
deficiencies are chronic. In humid areas,
drought conditions are also quite common and
cause serious problems in agriculture and water
supplies. Even though the drought periods are
not predictable, their effects are, and can be
anticipated. Statistical analysis of long-term
ground-water level measurements is a valuable
tool in evaluating and mitigating the effects of
drought on water levels.

Statisticdal analysis of water-level measure-
ments on shallow wells in a glaciated area of
northern Wisconsin indicated that it is possible
to develop a method for determining the required
depth of wells which would ensure water supplies
in the periods of drought. Based on the premise
that the water levels in a given area with
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similar hydrogeologic conditions exhibit a
normal probability distribution, a relationship
was established between record minimum and mean
water levels. By plotting results from a number
of wells, a type curve was developed from which
the expected minimum levels can be predicted
within selected confidence limits.

The analysis of ground-water levels and evalu—
ation of their long-term trends have - besides
their value for better understanding of a hydro-
geologic regime,its periodicity and genetic
relations - a great value for ground-water
management and disaster-prevention planning.
Depth to water calculated from the developed
curve can be used for constructing a map of
"drought-proof" well depths. This map would
indicate the areas where the required depth is
greater than the saturated thickness of an
aquifer, and where the problems of inadequate
water supplies are likely to develop during
droughts.
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COMPARISONS OF STOCHASTIC MODELS OF SUBSURFACE
FLOW

Allan Gutjahr (Dept. of Math, New Mexico Insti-
tute of Mining and Technology, Socorro, N.M.
87801)

Lynn Gelhar

Stochastic solutions of the differential equa-
tion describing one-dimensional flow through a
porous medium are presented. The hydraulic con-
ductivity is modeled as a spatially variable
stationary random process. Analytical approxi-
mations using first-order analysis, covariance
differential equations and variogram analysis,
all yield consistent results. The effects of
conditioning and boundary conditions (finite
domain models) are discussed.

A comparison of the one-dimensional analytical
solutions and Monte Carlo results for a flow
system of finite length are presented. The
solution based on linearization in the logarithm
of conductivity is very robust and agrees well
with Monte Carlo results even for large varian-
ces for the conductivity.

Conditions for the output to be stationary are
explored and it is shown that while the one-
dimensional system imposes stringent conditions
in order for the results to be stationary, the
more realistic three-dimensional physical model
yields stationary solutions under very general
conditions.
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A STUDY OF THE GROUNDWATER INVERSE PROBLEM USING
SENSITLVITY ANALYSIS AND ONE-DIMENSIONAL MODELS

C.D. McElwee (Kansas Geological Survey, Univer-
sity of Kansas, Lawrence, KS 66044)

Sensitivity coefficients indicate hydraulic
head changes at a certain point due to a change
in an aquifer parameter at any point. They can
be calculated by the same techniques used for the
head. A squared error functional is minimized
obtaining the "best" estimate of the aquifer
parameters at each node of the model. In areas
which are not very sensitive to transmissivity or
storativity, the initial estimates for the aqui-
fer parameters are changed very little. In the
direct inverse problem this insensitivity can
lead to imstability. Areas of low or high sensi-
tivity can be delineated very easily by looking
at the sensitivity coefficients. Hypothetical
one-dimensional models are used to test the
effectiveness of this inverse procedure. The
results of this study are rather general and
should be applicable to any inverse procedure.

In early time periods when the drawdown is small,
the model (and consequently the inverse proce-
dure) is fairly insensitive to the transmissivity
and storativity. At middle time periods, when
the drawdown is substantial and hydraulic heads
are changing fairly rapidly with time, the great-—
est sensitivity and best inverse solution re-
sults. As the steady state is approached (if one
exists), the inverse solution for storativity
becomes unstable since the steady state solution
does not depend on storativity. However, the
inverse procedure for transmissivity continues to
work well as the steady state is approached. The
effect of error in the data input to the inverse
procedure has also been investigated. The maxi-
mum error in the aquifer parameters correlates
well with the maximum error in the input hydrau-
lic heads. The inverse procedure is well behaved
and gives good values for the aquifer parameters
as long as it is used where the model is sensi-
tive and as long as the input head error is
reasonable.
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ANALYTICAL DESCRIPTION OF GROUND-WATER
SEEPAGE ACROSS A LAKE FLOOR

H.J. Bokuniewicz(Marine Sciences Re-
search Center,State University of New
York,Stony Brook,NY 11794)

Recent measurements have shown the im-
portance of ground-water seepage across
the floors of lakes and lagoons. The
subaqueous discharge is not only a
source of water but also supplies dis-
solved chemicals across the sediment-
water interface. To help define this
process, an analytical solution to the
steady-state Richards equation was
studied in two-dimensions. This solu-
tion was used to derive an expression
for the vertical flow of ground water
across the floor of a large, shallow
lake. The lake is assumed to rest on
an aguifer of uniform thickness, 1.

The aguifer is homogeneous but not nec-
essarilly isotropic (its vertical and
horizontal hydraulic conductivities are
Kp and K, respectively); it is uncon-
fined and it overlies an impermeable
surface. The distance from the lake
shore to the ground-water divide is s
and the hydraulic gradient, <, is as-

-sumed to be'a constant over this dis-

tance. When wsk/41 > 3, the discharge,
q = Kyi ln(coth mak/41)/knm where k? =
K,/Ky and z is the distance offshore.
The width of the zone of subaqueous
discharge is effectively 41/k. The hy-
pothetical lake must be wide compared
to this distance. The solution fails
at the shore (and also at the ground-
water divide) because the boundary
condition is not differentiable there.
As a result, the solution cannot be
applied when x < 0.06 1/k. The beha-
vior here can be studied analytically
for more special cases. (Supported by
The New York Sea Grant Institute and
the Long Island Planning Board.)
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TEMPERATURE DISTRIBUTION AROUND AN
INJECTION WELL AND EVALUATION OF
AQUIFER THERMAL PROPERTIES

Chia Shyun Chen (Agricultural Engineering De-
partment, Texas A&M Unviersity, College
Station, TX 77843

Donald L. Reddell (Agricultural Engineering De-~
partment, Texas A&M University, College
Station, TX 77843

Analytical models of hot water injection into
groundwater aquifers are developed in this
paper. All available analytical models of this
problem assume that the caprock overlying the
aquifer is of infinite thickness. However,
many groundwater aquifers have caprock thick-
ness of only a few meters. A mathematical
model is developed to examine the influence of
a caprock with finite thickness on the thermal
response of an aquifer. In this model, the
horizontal heat conduction and heat convection
in the aquifer, plus the vertical heat conduc-
tion in the caprock, are considered. A steady
state and two asymptotic unsteady state so-
lutions for the water temperature distribution
surrounding an injection well are obtained.

One of the unsteady state solutions is for a
short-time period and the other is for a long
time period.

A graphical technique is developed for deter-
mining four pertinent aquifer thermal proper-—
ties: (1) the horizontal thermal conductivity
of the aquifer, (2) the thermal capacity of the
aquifer, (3) the vertical thermal conductivity
of the caprock, and (4) the thermal capacity of
the caprock. Dimensionless type curves are
constructed from the steady state solution.
Using field data, a set of data curves are con~
structed using long-term observation (ap-
proaching steady state) from several obser-
vation wells. The data curves are then matched
with the dimensionless type curves, and values
‘of the four aquifer thermal properties evalu—
ated.
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FEASIRILITY OF 36CL—DATING OF
VERY OLD GROUND WATER

H.W. Bentley and 8.N. Davis (Dept. of Hydrology
and Water Resources, University of Arizona
Tucson, AZ 85721)

This page may be freely copied

After a brief historical review, theory is
presented which indicates 36C1 concentration in
groundwater is a function of time, climate,
latitude, historical cosmic ray flux, and, to a
small degree, sub surface neutron flux due to U
and Th in the rock. Determination of 3601/stab1
chloride ratilo should minimize climate effects.
Pre-bomb chloride samples were collected in
Arizona, Texas, and Spain, chemically processed,
and counted by tandem Van de Graaff accelerator,
Results show substantial agreement with
theoretical predictions. 36Cl content of
ground-water profile of Carrizo Sand, a
confined aquifer in S.E. Texas, gives water ages
consistent with those indicated by hydraulic
parameters if chloride variation (thought to be
due to ion filtration and to historic glacial
period effects) is taken into account, Oldest
Carrizo water is 200,000 years old by 36c1
method. Age of water from Triassic rocks from
Savannah River area, South Carolina, is
determined to be about 500,000 years old, which
compares to 800,000 years old by helium accumu-
lation techniques.

Work completed under NRC contract 04-78-272
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STABLE ISOTOPE RELATIONS IN WATER OF THE CAM-
BRIAN-ORDOVICIAN AQUIFER OF NORTHERN ILLINOIS

E. C. Perry, Jr. (Department of Geology, North-—
ern Illinois University, DeKalb, IL 60115)

R. H. Gilkeson (Illinois State Geological Survey,
Urbana, IL 61801) and T. J. Grundl (Department
of Geology, Northern Illinois University, DeKalb
IL 60115)

Oxygen and deuterium isotope ratios in water
samples from the Cambrian-Ordovician aquifer of
northern Illinois lie near the meteoric water
line 8D=8680 & 10, For these samples ]
ranges from —70/00 to —120/00 and 6D ranges
from about -45 /oo to about -89 /oo. Samples
most depleted in 18g and D appear to have been
stored since the Pleistocene. Water with a
5189 of -7 /oo approximates the isotopic com—

H

position ‘of local meteoric water.

For a number of samgles varying widely in
salinity, 6%%S and §180 of sulfate vary linear—
ly according to the equation §3%5=1.228180 +
g.6 suggesting mixing of sulfate of §3%§=+20

/oo (marine) with sulfate derived from oxida-—
tion of pyrite (53“S=2°/cc) in the aquifer re-
charge system. Other sulfates do not fit this
mixing line; the most anomalous has a §3%S of
+40. 3 O/oo and a 8380 of +2.50/00. These anom—
alous samples have C1/80y ratios much higher
than 0.4 as well as negative Eh values. We
think they represent waters in which bacteria
are actively reducing sulfate. A practical
consequence of this process is that barium ion
concentration (controlled by BaSO; solubility)
locally rises to concentrations exceeding EPA
drinking water standards.
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EVALUATION OF ARTIFICIAL RECHARGE
AND DISCHARGE VIA REMOTE SENSING

L. S. Leonhart (Rockwell Hanford Operations,
P. 0. Box 800, Richland, Washington 99352)

LANDSAT data have assisted in evaluating
artificial recharge and discharge effects
of irrigated agriculture across a 105,000~
square kilometer area within the Columbia
Plateau. These studies were performed
in conjunction with the siting of a
radioactive waste terminal-storage fac-
ility within the federally-operated Hanford
Site in south-central Washington.

The methodology involved an interactive
machine/operator classification of digital
LANDSAT data assisted and verified by high-
altitude (U-2) photographs. The complieted
classification was combined with a USGS
data base containing digital coordinates
of irrigation wells in Washington. This
facilitated the segregation between lands
receiving imported surface water and those
being irrigated with pumped ground water
(hence, constituting artificial recharge
and discharge, respectively).

The results obtained revealed that
over 8,600 square kilometers (or about
8 percent} of the land within the study
area have been dedicated to irrigated
agriculture. Approximately 1,500 irriga-
tion wells are known to operate within this
area. By assuming areally-adjusted averages
for the rate of application, percentage of
applied water that deep percolates, and the
area of land irrigated by a single well,
it is possible to estimate the quantity,
distribution, and net effect of the surface/
subsurface exchange of water that results
from such agricultural paractices.
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HYDROLOGIC ELECTRIC ANALOG MODELING IN
THE SHENANDOAH VALLEY

John E. Sander (Department of Geology
and Geography, James Madison Univ.,
Harrisonburg, Virginia 22807)

The valley of the Shenandoah River,
lying within the states of Virginia and
West Virginia, is an area of significant
agricultural importance and recent
accelerated population growth. The
increased utilization of groundwater
resources in this region has helped to
motivate construction of a two dimen-
sional resistance-capacitance analog
model for the entire Shenandoah River
watershed. This project represents an
initial attempt at integrating, through
model simulation, the large amount of
hydrologic data that has been collected
in the region for many years.

The Shenandoah Valley is composed
primarily of limestone overlain by clay
soil, and implicit in model design is
the assumption that Darcy's law applies
to groundwater flow in fractured carbon-
ates when such flow is averaged over a
wide area. Initial comstruction has
been completed in the southern part of
the Shenandoah Valley for the watershed
of the Middle River. Comparison of
modeled river flow patterns with field
data suggests an average value of trans-
missivity for the carbonates appreciably
higher_than the regional average of
500 ftZ/day suggested by Trainer and
Watkins (1975) in U.S.G.S. Water-Supply
Paper 2035.
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PRELIMINARY INTERPRETATION OF WELL TIDES AT
CHALK RIVER (ONTARIO)

Don R. Bower, Earth Physics Branch, Enexrgy,
Mines & Resources, 1 Observatory Crescent,
Ottawa, Canada, K1A 0Y3.

The level of water in seven boreholes located
in crystalline rock at Chalk River (Ontario)
has been monitored in order to determine the re-
sponse due to the solid earth tide and to var-
iations in atmospheric pressure with the ulti-
mate aim of revealing hydrological parameters
relevant to waste disposal studies.

Observed My and 03 tidal effects were compared
to predictions based on. three hydrological
models, Hodel 1 consisted of a uniformly-por—
ous, confined half space. Model 2 consisted of
one or more horizontal plane fractures in an
otherwise impermeable half space. Model 3 was
similar to model 2 except the fractures were
vertical and of given strike. The effect of
flow friction was accounted for in the three
models on the basis of linear diffusion.

It was found that the observations from six
boreholes were reasonably consistent with both
models 1 and 2 but c¢learly inconsistent with
model 3. TFor these boreholes estimates of
specific storage and porosity were obtained, In
addition, two of these boreholes showed friction
effects and estimates of hydraulic conductivity
were possible., One of these latter boreholes
exhibited a remarkable 360% change in storage
coefficient which appeared to correlate with
seasonal changes in well level. Observations
in the seventh borehole were inconsistent with
models 1 and 2 but were consistent with model
3. For this borehole a strike azimuth was
defined within narvow limits.

H 33

COMPARISON OF LABORATORY AND FIELD
MEASUREMENTS OF HYDRAULIC CONDUGTIVITY
FOR COAL-BEARING STRATA

i. P. Sc?ﬁbett gLand Reclamation Program,
rgonne Nationmal Laborator Argonn IL
60439) Yo freomne,

Laboratory tests using an air-type
permeameter indicate that the intergran-
ular hydraulic conductivity of sand-
stones, siltstones, and shales from
central Pennsylvsnia is normally less
than 2.5 x 10-7 m/s; the mean for
sandstones and conglomerate was 5.1 x
10- m/s (n = 40) and the mean for
shales, siltstones, - and claystones was
6.6 x 10710 m/s (n = 24).  The Rn/Ky

ratios of sandstones and laminated
siltstones were between 2.0 and 3.0.
Hydraulic conductivities calculated from
recovery tests of pumped boreholes. (n =
13) _ranged from 1.1l x 10-8 to 2.19 x
10-7 m/s. Boreholes that penetrated
greater percentages of sandstone gener-
ally exhibited higher values of hydrau-
lic conductivity.

Previous investigators have shown that
fractures greatly influence the storage
and flow.of groundwater .in coal-bearing
strata. However, the seepage of water
from the base of sandstones in coal mine
highwalls indicates that the. primary
hydraulic conductivity of sandstone can
also play an important role. Determin-
ing the relative importance of fracture
vs. primary hydraulic conductivities
from well tests is a critical necessity
when assessing potential interactions of
groundwater flow systems with surface
mining, underground mining, or in-situ
gasification of coal.
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SOME NEW FORMULAE FOR COMPUTATION OF FRACTURE
PERMEABILITIES FROM EXPERIMENTAL DATA

D. K. Babu {Dept. of Civil Engineering, Princeton
University, Princeton, N.J. 08544)

Estimation of aperture width plays a crucial
role in the experimental determination of in-
dividual fracture permeability. The fracture
itself is often identified in theory with the
narrow opening between two smooth-walled parallel
plates. It is shown that a parallel plate model
with smooth walls Teads to an underestimation
of the permeability of the fracture. New
analytical expressions are derived for computing
the aperture width as well as the hydraulic
conductivity from measurements of discharge rates,
pressure differentials and specimen sizes. The
new expressions are seen to result in a substan-
tial increase over the existing values of
fracture permeabilities. Estimates based upon
the new formulae may be in closer agreement
with the higher permeability values that are
generally associated with field data.
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EFFECT OF SAMPLE SIZE ON THE STRESS PERMEABILITY
RELATIONSHIP OF NATURAL FRACTURES

K.G. Raven and J.E. Gale, Department of Earth

Sciences, University of Waterloo, Waterloo,

Ontario, Canada N2L 3Gl.

Recent studies have shown that the effective
normal stress-fracture permeability relationship
may be a function of the magnitude of the frac-
ture surface area, The effect of sample size
on the permeability of natural fractures has
been studied using five gramite cores (10.0,
15.0, 19.3, 24.5 and 29.4 cm in diameter)
containing natural fractures oriented normal to
the core axis. Each fractured sample, taken
from the same fracture plane, was subjected to
three loading-unloading cycles with maximum
axial stresses of 30MPa. In each loading~
unloading cycle the steady state flowrate
through the fracture plane from a central bore-
hole was measured for specified levels of
normal stress.

Both fracture deformation and flowrate
exhibited a mon-linear variation with changes
in normal stress. Fracture deformation and
flowrate hysteresis (between loading and unloa-
ding cycles)were observed for all samples.
The magnitude of this hysteresis decreased with
successive loading cycles. Maximum and
minimum flowrates for each cycle were also
observed to decrease with successive loading
cycles. Calculated minimum fracture permeabi-
1lity at maximum normal stress varied from 1.67
x 10~2cm/sec for the smallest sample to 3.23 x
10-3cm/sec for the largest sample. This
apparent decrease in the fracture permeability
with increase in sample size will be discussed
in terms of initial fracture seating, definition,
roughness and possible variance of such fracture
characteristics within a single fracture planme.

This page may be freely: copied
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STEADY-STATE VERSUS TRANSIENT PRESSURE PULSE
PERMEABILITY TESTS ~ LABORATORY AND FIELD
RESULTS

C.F. Forster and J.E. Gale, Department of
Earth Sclences, University of Waterloo,
Waterloo, Ontario, Canada N2L 3Gl
(Sponsor: John Cherry)

The: transient pressure pulse test has been pro-
posed as-a single-well test to assess fractured
rock permeabilities in the range of 10-8 to
10-12 cm/sec. To evaluate the technique the
results of transient tests were compared to
steady-state tests performed under controlled
laboratory and field conditions. Standard
field packers were used to isolate a2 3 m inter-
val in a simulated borehole (a 76 mm diameter
steel tube). The isolated interval was connec—
ted to a hydrostatic pressure cell containing
cylindrical rock samples (5 cm in diameter and
10 cm. in length). Transient and steady-state
tests were performed on samples of Berea Sand-
stone (Bteady-state K_ = 0.6 to 2.3 x 10-4
cm/sec) and fracturedpstripa granite (steady-
state Kg = 1.9 x 103 cm/sec at maximum con~
fining pressure of 13.8 MPa). Calculated
transient conductivities were ome to two oxders
of magnitude less than the corresponding steady
state values. Also, packer compliance caused
variations of up to 50% in transient test
conductivities and temperature variations of

+ .01°C significantly affected the shape of the
pressure—~time decay curve.

A field experiment was performed on an array of
five, 30 m long, boreholes collared 330 meters
underground in a fractured granitic mass.
Twenty-three borehole cavities were isolated
and shut-in pressures monitored. Steady-state
tests in 2 m intervals gave conductivities that
ranged from less than 4 x 10-11 cm/sec to

2 x 107 cm/sec. Results of transient tests
performed in the same intervals show that there
was no direct correlation between steady-state
conductivity and pressure pulse decay time.

Role of Laboratory
Methods in Hydrologic
Investigations

Pier7 & 8

Friday P.M.

Leonard F. Konikow
(USGS) A. Ivan Johnson
(Woodward-Clyde),
Presiding
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VALIDITY OF CUBIC LAW FOR FLUID FLOW IN A
DEFORMABLE FRACTURE

P. A. Witherspoon Earth Sciences Division,
Lawrence Berkeley Laboratory, Berkeley,
Ca. 94720

J. S. Y. Wang, Lawrence Berkeley Lab.

K. Iwai, Nakano-Corp. Niigatashi, Japan

d. E. Gale, Univ. Waterloo, Waterloo, Canada

The validity of the cubic law for laminar flow
through open fractures consisting of parallel
planar plates has been established by others with
apertures ranging down to a minimum of 0.2_um.
The Taw in simplified form is Q/ah = C(2b)3, with
Q the flow rate, Ah the difference in hydraulic
head, C a constant depending on the flow geometry
and fluid properties, and 2b the fracture aperture.
The validity of this law for flow in a closed
fracture with surfaces in contact and aperture
decreasing under stress has been investigated at
room temperature using homogeneous samples of
granite, basalt, and marble. Tension fractures
were artificially induced. The laboratory setup
used radial or straight flow geometries, and aper-
tures from 250um down to 4um, the minimum size
attainable under a normal stress of 20 MPa.

The cubic law was found to be valid with frac-
ture surfaces held open or being closed under
stress, independent of rock type. -Permeability
was uniquely defined by fracture aperture and was
independent of the stress history. The effects
of deviations from the ideal parallel plate con-
cept only cause an apparent reduction in flow and
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may be incorporated into the cubic Taw by replac-
ing C:-by C/f, f varying from 1.04 to 1.65.

The model of a fracture being closed under nor-
mal stress is visualized as controlled by the
strength of the asperities in contact, which are
able to withstand significant stresses, while
maintaining space for fluid flow with decreasing
aperture. The magnituds of the aperture controls
flow (dependent on (2b)3). - Slight changes in
aperture dominate any other change in the geometry
of the flow field. - There is no noticeable shift
in results in passing from open to closed fracture.

i 38 INVITED PAPER"

COMPARISON OF LABORATORY, IN SITU, AND ROCK MASS
MEASUREMENTS OF THE HYDRAULIC CONDUCTIVITY OF
METAMORPHIC ROCK AT THE SAVANNAH RIVER PLANT
NEAR AIKEN, SOUTH CAROLINA*

I. Wendell Marine
E. I. du Pont de Nemours & Co. (Inc.)
Savannah River Laboratory, Alken, SC 29801

In situ testing of exploratory wells in meta-
morphic rock indicates that two types of fractur-
ing occur in the rock mass: that consisting of
small openings that permit only extremely slow
movement of water, and that consisting of openings
of sufficient size to permit transmission of water
at a significantly faster rate. Laboratory
methods are unsuitable for measuring hydraulic
conductivity in the hydraulically transmissive
fractures; however, for the virtually impermeable
rock, values comparable to the in situ tests can
be obtained. ~ The hydraulic conductivity of the
rock mass over a large region can be calculated by
dividing the inferred travel distance by the age
of the water as determined by the helium content
of the water. This hydraulic conductivity value
falls between the values measured for. the two
types of fractures, but is closer to the measured
value for the virtually impermeable rock. This
relationship is attributed to the control of the
regional flow rate by the virtually impermeable
rock where the discrete fractures do not form a
continuous open connection. through the entire rock
mass. Thus, laboratory methods of measuring per-
meability in metamorphic rock are of value if they
are properly applied.

* Work done under USDOE Contract No.
DE-AC09-76SR00001.
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Role of Laboratory - Scale Measurements in
Mass Transport Modeling

Leslie Smith {Dept. of Geology and Geophysics,
University of Utah, Salt Lake City, Utah}
Franklin Schwartz (Dept. of Geology, Univ.

of Alberta, Edmonton, Alberta)

The adequacy of the dispersion-convection
equation in describing transport at the scale
of a laboratory column is well documented.
Conventional modeling of mass transport in
groundwater systems invariably involves a
simple scaling-up of the porous medium N
dispersivity from the very small values :
observed in column experiments to the much
larger values calculated from field trials.
There is increasing evidence to suggest that
this approach is inadequate because of
probiems in defining a unique dispersivity
value for an expanding plume. . An alternate
modeling technique has been proposed which
accounts for macroscopic dispersion not as .

a large-scale diffusional process but as
mixing caused by spatial heterogeneities

in hydraulic conductivity. The basic data
requirement for this transport model is the
macroscale structure of the spatial varia-
bility in hydraulic conductivity. Hydraulic
conductivity is assumed to be a random
variable with a mean, standard deviation and
a spatial autocorrelation between neighbouring
points. This structure can be estimated
from a set of point values of hydraulic
conductivity, obtained either from measure-
ments on cores in the lab or -from falling
head tests in piezometers. The effects of
small scale heterogeneities can be incorp-
orated through a term dependent on the
lab-scale dispersivity.
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SIMULATION OF THE TRANSPORT OF ION-EXCHANGING
SOLUTES USING LABORATORY-DETERMINED CHEMICAL
PARAMETER VALUES

Albert J. Valocchi (Department of Civil Engi-
neering, Stanford University, Stanford, Cal.
94305)

Robert L. Street

The use of numerical simulation models as
predictive tools in the analysis of solute
~transport problems requires the determination
of geologic, hydraulic, and geochemical param—
eter values. This paper deals with the use of
laboratory-determined selectivity (distribu-
tion) coefficients in the simulation of the
transport of ion-exchanging solutes governed
by local chemical equilibrium. The transport
model has been applied to a pilot field opera-
tion involving the injection of advanced-
treated municipal wastewater into an alluvial
aquifer in the Palo Alto, Ca., baylands region.

Basic hydrogeologic parameters, such as
porosity, bulk density, and aquifer thickness,
were determined via analysis of observation
well logs and core samples. Data on the
breakthrough of a conservative tracer at the
various observation points was utilized to
determine an approximate velocity field and
dispersivity values. The chemical parameters,
selectivity coefficients and cation exchange
capacity, were determined using standard batch
laboratory experiments on aquifer core materi-
al. TUsing these parameter values, the simula-~
tion model was run to predict the breakthrough
of major cations at the observation wells.
The predicted results agree very closely with
the actual field data. This agreement
suggests that, for this particular case,
laboratory-determined chemical parameters can
be successfully used in field-scale transport
simulations.
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COMPARISON OF REGIONAL, IN SITU, AND LABORATORY
_HYDRAULIC CONDUCTIVITIES OF THE CRETACEOUS
“PIERRE SHALE

C. E. Neuzil (U.S. Geological Survey,
Reston, VA 22092)

J. D. Bredehoeft (U.S. Geological Survey,
Reston, VA 22092)

A recent study of the hydrology of the
Cretaceous Pierre Shale utilized three
techniques for measuring the hydraulic
conductivity of "tight" materials. Regional
hydraulic conductivity was obtained from a
hydrodynamic model analysis of the aquifer-
aquitard system which includes the Pierre Shale.
Local conductivities were obtaimed in situ in
a borehole using specially designed slug tests.
Laboratory values were obtained from consolida-
tion tests on core samples.

The laboratory tests and in situ tests yielded
comparable values; the regional hydraulic
conductivity was two to three oxrders of
magnitude larger.” This suggests that the
lower values represent intergranular
hydraulic conductivity of the intact shale
and the regional values represent
secondary permeability due to fractures.

+ Calculations based on fracture flow theory
demonstrate that small fractures can account
for the observed differences.
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Using Field Measured and Laboratory Measured
Hydraulic Parameters to Predict Infiltration and
Drainage.

T. L. Jones (Rockwell Hanford Operations, Rich-
ana, WA'99352), J. B. Sisson, A. H. Lu, and
. A. Jordan

Sponsor: A. G. Law

Field and laboratry tests were conducted to
estimate soil hydraulic conductivity and desorp-
tion parameters. Significant differences were
found between field and laboratory desorption
curves while certain laboratory procedures
produced estimates of hydraulic conductivity
comparable to the field values. Differences in
the desorption curves may be due to hysteresis.
The field and lTaboratory estimates were used in
a numerical model te predict infiltration and
drainage and the results were compared to field
data. One laboratory procedure estimated the
saturated conductivity higher than others.

Using this estimate, the model overpredicted the
advance of the wetting front. Using field

This page may be freely copied

estimated hydraulic conductivity and desorption
cruves resulted in predictions which agreed
better with field data. These results indicate
that certain laboratory procedures may provide
useful hydraulic conductivity data but dif-
ferences between field and laboratory measured
desorption curves may be more significant than
previously thought.
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MODELLING OF POTASSIUM MIGRATION FROM
THE CFB BORDEN LANDFILL

J.F. Sykes (Dept. of Civil Engineering,
University of Waterloo, Waterloo, Ontario
N2L 3GL)

(Sponsor: L., Konikow)

In laboratory experiments, the migration of
potassium chloride through unsaturated sand

columns was analyzed. Batch studies were under—

taken to develop independent estimates of the

parameters of adsorption. Based on these para-
meters, the use of equilibrium or kinetic sorption
models alone in -conjunction with the cOnvection—
dispersion equation did not adequately describe

the experimental results for potassium breakthrough.

However, excellent predictions were.obtained using

a combined equilibrium-kinetic Freundlich sorption

model with parameters being determined from both

column tracer breakthrough data and the eqéilibrium
and kinetic batch experiments., Estimates of the
fraction of active sorption sites in the column
were obtained through model calibration.

To simulate the migration of potassium from

the Canadian Forces Base (CFB) Borden landfill,

the saturated conditions and lower field as com—

pared to column velocities are such that adsorption

can be assumed to be governed essentially by
equilibrium. To further simplify the model and
numerical computations, the Freundlich isotherm

is linearized such that it gives the correct

adsorbed. concentration for the potassium leachate

concentration and is environmentally conservative
for all lower concentrations. It is felt that

this approach is warranted in light of the un-

certainty in many of the field parameters and

processes (for example potassium leaching and

the historical development of the landfill).

Comparisons between the measured potassium plume

and predicted results as determined using both

finite difference and finite element. models are
favourable and substantiate the methodology.
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POROSITY PERMEABILITY RELATIONSHIPS IN
STRATIFIED GLACIAL DEPOSITS

W.E. KRelly (Dept. of Civil & Environmental
Engineering, University of Rhode Island,
Kingston, R.I. 02881)

Relations between formation factor or
electrical resistivity and aquifer per-
meability have been reported for a range
of geologic materials. For stratified
glacial deposits in southern Rhode Island
the controlling factor appears to be a
tendency for low permeability sediments
to deposit at high porosities and there-
fore low formation factors; this explains
the observed inverse relationship between
formation factor and permeability but
needs to be documented. A series of in-
place density measurements have been made
and samples collected for laboratory
grain size and permeability determination.
Preliminary analysis indicates that in~
place porosities decrease as the median
grain size and sorting coefficient in-
crease, while permeability increases as
median grain size increases and the
sorting coefficient decreases. When re—
gression equations using the median grain
size and the sorting coefficient are com-
bined, the inverse relationship between
in-situ porosity and permeability is
demonstrated. The relationship exhibits
considerable scatter but a clear trend
is evident. Relations using other grain
size and distribution parameters are
being tested.



in the nitrate, bromide, dissolved oxygen
and bicarbonate concentrations., The
observed decrease in the bromide concentra-
tion was used to correct the nitrate data
for the effects of physical dilution of the
injected groundwater slug.

Data collected using the above procedure
provided convincing evidence that denitri-
fication can proceed at substantial rates
in groundwaters. The results also showed
the experimental procedure to be an
effective means of investigating denitrifi-
cation rates and the geochemical factors
affecting the denltrification process.

Modeling of Ground-
water Pollutants
Pier7 &8

Saturday P.M.

Ardhesh K. Tyagi (Univ. of
Kansas), Presiding

H 52

MODELING OF CONTAMINANT MIGRATION IN HETERO-
GENEOUS MEDIA

Franklin Schwartz (Dept. of Geology, Univ. of
Alberta, Edmonton, Alberta)

Leslie Smith (Dept. of Geology & Geophysics,
University of Utah, Salt Lake City, Utah)

A stochastic approach to macroscopic disper-
sion can be used to model contaminant migration
in heterogeneous media. Transport of a
contaminant is simulated using & hybrid
deterministic-probabilistic technique. Results
indicate that transport is influenced in a
complex way by geologic layering, within layer
heterogeneities in hydraulic conductivity
and porosity, by porous medium-fluid interac-
tions, location of the input zone and the
release rate of contaminants from primary
containment. Those parameters capable of
changing both the magnitude and direction of
advective transport are of primary importance
in influencing predictive ability. The
arrangement of units with different mean
hydraulic conductivities, the standard
deviation and spatial continuity in hydraulic
conductivity, and hydraulic anisotropy can
be identified in this respect. Other
parameters such as porosity, and processes
such as cation exchange act only to change
the magnitude of the velocity. For this
reason, spatial variations in these parameters
are of secondary importance in contributing
to uncertainty. Depending upon the relative
time scales of the release function and the
transport process, lack of information about
timing and concentrations added at the
source may cause greater uncertainty than
the heterogeneity. In certain geologic
systems, patterns of contaminant migration
can be predicted with more certainty. Features
such as layering and hydraulic anisotropism
can constrain the flow of contaminants to
specific directions, thus Timiting the
size of the region through which contaminants
are likely to spread.
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MATHEMATICAL MODELING OF CHEMICAL TRANSPORT
IN SOIL COLUMNS

K. L. Kipp (U.S. Geological Survey, Lakewood,
Cco 80225

Three one-dimensional models of mass trans—
port were used to characterize the movement of
selected chemical species (chloride, lithium,
and phenol) in saturated and unsaturated
laboratory and field soil columns. The
chemical-soil interaction mechanisms for the
models were; no sorption, linear equilibrium
sorption, and linear kinetically-controlled
sorption.

Parameters calculated from the column
elution curves were the velocity, and the
kinetiec sorption, and dispersion coefficients.
These parameters were calculated by minimizing
the sum of the squares of differences between
measured and computed concentrations. This
minimization used a combination of nonlinear
regression techmiques that included steepest

descent, Newton-Raphson, and Marquardt methods
with imptovement of the gradient matrix.
Beale's measure (a test of non-linearity) was
used to determine if calculations of confi-
dence regions and intervals, using linear
techniques, were appropriate. Sensitivity
tests with synthetic data identified the
factors that contributed to the uncertainty
of rhe parameters. Statistical evaluatioms
that included plots of residual errors,
calculation of their variance, white noise
tests and covariance tabulation were used to
evaluate the accuracy of the calculated
parameters.

Significant cross correlations between the
dispersive and sorptive parameters were often
observed. In many cases it was possible to
distinguish the sorption model that gave a
best fit to the data. However, loss of
information due to tail truncation and
measurement error can make it impossible to
identify the most realistic sorption model.
Application of these solute transport models
to unsaturated columns was suecessful only
for nearly homogeneous soil profiles.
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A MODEL OF TWO PHASE MASS AND HEAT TRANSPORT
IN POROUS MEDIA

Bryan J. Travis (Geosciences Division,

Los Alamos Scientific Laboratory, Los Alamos,
NM 87545)

Alvin H. Davis (same address)

A versatile multidimensional model of
three component, multi-phase mass and heat
transport in porous media is presented.
Differences from other porous flow models are
noted. The model is not limited to Darcy
flow. Time dependent conservation equations
are solved for each mass species and for
energy transport in the fluid and in the
matrix. Table look-ups are used to provide
accurate calculations of internal energies,
densities, viscosities, etc. The model
compares well with analytic similarity
solutions and with three laboratory experi-
ments. The first experiment is the injection
of steam into cold dry sand, the second is
the injection of hot, dry nitrogen into cold,
wet samples of tuff. The third experiment
is the two-phase convection experiment of
Sondergeld and Turcotte.
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SOLUTE TRANSPORT DURING INFILTRATION INTOQ
REACTIVE SOILS

K.B. Laryea*

M.J.L. Robin

D.E. Elrick (all at Dept. of Land Resource
Science, University of Guelph, Guelph, Ontario,
Canada, N1G 2W1)

In non-reactive and unstructured soils the
dispersion of solutes during infiltration can be
described by diffusion about a moving plane and
by assuming the complete displacement of the
initial soil water solution by the displacing
soil water solution. Flow in soils is generally
such that the dispersion coefficient can be
taken as veloc1ty independent.. It follows that
similarity in xt~ < occurs for the water content
and solute content profiles. The analysis is
extended to the movement of K*, an ion that
reacts with the soil particle surfaces.
Non-linear adsorption of K* is taken into account
by solving the dispersion equation using
simulation techniques (CSMP and GASP IV).
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IMPROVED ACCURACY OF FINITE ELEMENT SIMU-
LATION OF GROUNDWATER CONTAMINANT TRANSPORT
USING A HIGHER ORDER TIME APPROXIMATION

Sirous Haji-Djafari, (D'Appolonia Consulting

Engineers, Inc., Pittsburgh, PA 15235)
David C. Wiggert, (Civil Engineering Depart-—
ment, Michigan State University, East Lansing,
ML 48824)

The finite element formulation of ground-
water flow and mass transport equations
results in a system of first order linear
differential equations. These eguations
are normally numerically integrated using a
finite difference method for the time
derivative. In this study, using the
finite element method, a procedure for
obtaining finite difference relations was
presented. Utilizing this technique, the
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recurrence formulas for the first, second,
and third order time approximations for the
first order differential equation were
derived. 1In these recurrence formulas, the
time scale, @ , can be varied from an
explicit time difference scheme, where
O is equal to zero, to an implicit scheme,
where @ is equal to one.

To test this technique, the first and
second order time approximations with
various O values were used in the solution
of convective-dispersion equations for
simulation of groundwater contaminant
transport. A more accurate result was
obtained in this simulation using a second
order time approximation than using a first
order approximation. In addition, better
accuracy was achieved using O greater than
1/2, with @ = 2/3 providing the least
error.

Thus, it was concluded that better
accuracy is possible if the higher order
time approximation with @ greater than 1/2
is used in the finite element simulation of
groundwater contaminant transport.
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MATRIX DIFFUSION IN SOLUTE TRANSPORT THROUGH
DISCRETE FRACTURESIN POROUS ROCK

E.A. Sudicky (Department of Earth Sciences,
University of Waterloo, Waterloo, Ontario
N2L 3G1)

.0. Frind (Department of Earth Sciences,
Tniversity of Waterloo, Waterloo, Ontario
N2L 3G1)

.H. Tang (Intera Environmental Consultants,
Houston, Texas 77079)

2]

o

A new analytical solution is developed to
describe reactive and nonreactive solute
transport through discrete fractures
located in a porous matrix. = The problem is
formulated by coupling two one-dimensional
differential equations, onerepresenting
advective-dispersive transport along a
fracture, the other representing diffusive
transport in the unfractured matrix.
Processes included in the model are
advection and dispersion in the fracture,
diffusion into the matrix, solute adsorption
and radioactive decay. Adsorption of
reactive species onto the face of the
fracture is considered separately from that
occurring in the matrix because of the
possibility of different chemical
properties. The closed-form analytical
solution provides a computationally
efficient means of illustrating the effects,
on solute transport, of the processes
considered. Potential applications of the
model include the simulation of contaminant
migration from an underground waste
repository, where the major escape path may
be along a dominant fracture. Matrix
diffusion can, in this case, play an
Important role in limiting the extent of
contamination along this route.

AGU Symposium on

Urban Hydromete-

orology & Canadian
Hydrology Symposium
80 Hydrology of
Developed Areas
Metropolitan East

Monday A.M.

Jean Rousselle (Ecole
Polytechnique) and J. W.
Deller (Purdue UnlverS|ty)
Presiding
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MONITORING AND FORECASTING CONVECTIVE
RAINFALL OVER CHICAGO

John L. Vogel (Illinois State Water Survey,
Urbana, Illinois, 61801)
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FIELD AND LABORATORY CALCULATIONS OF HYDRAULIC
CONDUCTIVITY OF A CLAY-RICH TILL, WEST VALLEY, NY

Prudic, D. E. (U.S. Geological Survey, Albany,
N.Y. 12201)
(Sponsor: Leonard Konikow)

Hydraulic conductivity of a clay-rich till was
evaluated through field and laboratory studies as
part of a study of the movement of radioisotopes
at ‘a nuclear-waste landfill near West Valley, NY.
In general, horizontal hydraulic conductivity
values from core samples as determined in the
laboratory agreed with values calculated frem
slug tests in which water was suddenly removed
from piezometers finished in the unweathered till.

Slug tests were analyzed by two methods. One
method assumed horizontal flow to the screen, the
other assumed spherical, isotropic flow. Average
horizontal hydraulic conductivity valueg from
slug tests of 10 piezometers were 5x10™ ° centi-
meters per second (cm/s) by the first method and
2x1078 cm/s by the second method.

Laboratory tests of core samples were designed
to determine the extent to which anisotropy and
increased pressures with depth may affect hydrau-
lic conductivity. Nine core samples were ana-
lyzed for horizontal and vertical hydraulic con-
ductivities; horizontal values averaged 440x10_8
em/s; vertical values were only twice as high,
suggesting little anisotropy in the till. Con—
solidation tests were done on four core samples
to determine changes in hydraulic conductivity
with pressure. Vertical hydraulic conductivity
values decreased by about 40 percent at a pres~
sure increase from zero to the 7 kilograms per
square centimeter that would prevail at a depth
of 30 meters. This decrease suggests that the
hydraulic conductivity of the till may decrease
with depth as overburden pressures increase.

Laboratory measurements on cores could not
evaluate the effects of scattered fractures ob-
served in the upper 5 meters of till. Prelimi-
nary digital-model results as well as slug tests
from shallow piezometers suggest that the till
is at least 10 times more permeable in the upper
5 meters, where fractures are prevalent,

Tracers in Ground-
water

Pier7 & 8

Saturday A.M.

Warren Wood (Texas Tech.
Univ.), Presiding
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EVALUATION OF F2 BACTERIOPHAGE FOR TRACING MOVE-
MENT OF VIRUSES IN GROUNDWATER

D-S. Wang (Baylor College of Medicine, Houston,
Texas 77030)

C.P. Gerba (Baylor College of Medicine, Houston,
Texas 77030)

Land disposal of wastewater poses a potential
for contaminating groundwater with pathogenic
viruses. Since little is known about the move-
ment of human enteric viruses in groundwater,
it is necessary to develop methods for tracing
their movement in groundwater. For this purpose,
it is desirable to use a tracer that closely
Tesembles human disease causing enteric viruses
but that represents no health hazard or pollu-
tion problem to the environment. A potential
usefulness of f2 bacteriophage as a tracer of
human enteric viruses in groundwater is evaluated.

The f2 phage is a small tailless RNA virus
which resembles very much enteric viruses in
both size and morphology. It has been used pre-—
viouslty as a model for viral movement through
soils. Reviews of the literature indicate that
£2 phage adsorbs poorly to soils, clays, and
sewage solids and penetrates into groundwater
together with the percolating effluent during
land application of wastewater at a rapid infil-
tration site.  Preliminary soil column studies
in this laboratory also indicated that adsorp-
tion of f2 phage by soils was much less than
those of animal viruses. Additionally, f2 was
found to survive much longer than poliovirus in
wastewater. .

In view of its high mobility and viability in
the environment, together with its non-patho-
genic property, f2 phage is considered to be a
suitable tracer for viral movement in ground-
water.
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INVESTIGATION OF GROUNDWATER FLOW BY
MEANS OF TRACERS IN QUATERNARY GRAVELS
OF BAVARIA

BEHRENS, H., Institut flir Radiohydrome-
trie der Gesellschaft filir Strahlen-und
Umweltforschung mbH, Miinchen,

D-8042 Neuherberg  (Germany)

SEILER, K.-P. (D-8042 Neuherberg)

RAUERT, W. (D-8042 Neuherberg)

{Sponsor: John B. Robertson)

Fluorescent dye tracers and in some ca-
ses in addition radiocactive tracers were
applied to investigate groundwater flow
on distances up to some 1000 meters.

In a glacially overdeepened valley tra-
cer injections were performed into homo-
geneous as well as into inhomogeneous
buildup gravels with groundwater flow pa-
rallel to bedding; furthermore seepage
perpendicular to bedding in the unsatu-
rated zone was studied with tracers.
Groundwater flow without groundwater dis-
charge was compared with the flow during
a one-year pumping test. Results on
groundwater flow velocities, longitudinal
and to some extend transverse dispersion
were obtained; these parameters are af-
fected by the position of the injection
to the pumping well and by orientation
of groundwater flow to bedding.

Tracer experiments in other areas indi-
cated, that tracer passage in single ob-
servation points is affected by unsteady
state conditions in the flow field as
well as by hydrodynamic dispersion. Fur-
thermore inhomogeneities of the aquifer
may have a large influence on transverse
dispersion.

Although the used tracers generally
showed conservative behaviour in the ci-
ted experiments, under the influence of
seepage. water from a waste dump Eosin
was destroyed.
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BOMB TRITIUM AS A TRACER OF YOUNG WATER IN
UNCONFINED SANDY AQUIFERS

B.C.E. Egboka, J.A. Cherry, R.N. Farvolden
(Dept. of Earth Sciences, University of
Waterloo, Waterloo, Ontario N2L 3Gl, Canada).

Since the beginning of the era of atmos-
pheric tests of nuclear devices in 1952, rain
and snow have contained concentrations of “H
that have been well above pre-1952 levels,
and, as a consequence, SH can serve as an
identifier or tracer of post-1952 water in
groundwater flow systems. In this study
patterns of 3H occurrence were delineated in
three unconfined sandy aquifers with shallow
depths to water table. Depth versus 3H
profiles were obtained using detailed piezo-
meter nests and multilevel samplers. In two
of the three areas, the upper part of the
aquifer has abundant “H, whereas the lower
zones have no detectable SH. Functions for
3y input to the groundwater systems were
developed from records of local precipitation,
long~term 34 in precipitation data from Ottawa,
Canada, and short-term local 34 récords. In
all three study areas, the maximum 34 concen-
trations were a small fraction of the maximum
values for precipitation recorded in the 1960's.
The large decline in maximum_concentrations
and the general patterns of °H occurrence were
attributed to differential rates of seasonal
recharge, local irregularities in the flow
patterns, radloactive decay, molecular diffu-
sion, and mechanical dispersion. In areas
from which the most detailed field data were
obtained, simulations of the 35 patterns
were used to obtain estimates of dispersivity.
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TRANSPORT OF TECHNETIUM, TODINE,
RUTHENIUM, AND ZIRCONIUM IN THE
UNSATLRATED ZONE

M.Albertsen

G.Matthess (Geologisch-Palaeontologi-~

sches Institut, Kiel University, Kiel
Germany F.R.)

The transport of technetium, iadine,
ruthenium and zirconium in 3 typical
sandy socils was investigated with la-
boratory experiments, which simulated
fall-out events, using soil columns
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(4% m length, 0.30 m diameter). Eva-
luation of the breakthrough curves in
the percolate and of the depth distri-
bution of the radionuclides in the soil
columns after 6 months yielded the
average transport velocity, which could
be compared with the average water ve-
locity measured by tritium tagging.Three
gualitative mohility relations were ob-

served:
Ranker Te>» Ru> 1> ZIr
Podsol Tc» Ru> I > Ir

Brown forest spil:Tcms Ru> I > Zr

Relations exist between some physico-
chemical soil properties and the retar-
dation of radionuclides due to adsorp-
tion (eg. retardation of iodine and
technetium by organic substances).

The average retardation factors of the
radionuclides and the hydrodynamic soil
parameters are used in a model which
gives a guantitative assessment of the
nazard of groundwater contamination by
a fall-out event in areas covered with
comparable soils.

GEOCHEMISTRY OF BROMIDE AND IODIDE IN NATURAL
WATERS: IMPLICATIONS FOR TRACER STUDIES

D.C. Whittemore

M.H, Savage (both at: Kansas Geological Survey,
University of Kansas, Lawrence, KS 66044

G.L. Feder (U.S. Geological Suxrvey, Denver, CO
80225

Recent studies have shown that Br, and in many
cases, I ions are reliable tracers for natural
waters. BAn understanding of the geochemistry of
Br and I in surface and ground waters can aid in
determining suitable study sites and in inter-
preting the results of tracer investigations.
Ratios of both Br/Cl and I/Cl range widely in
natural waters and generally decrease with in—
creasing Cl concentration. Weight ratios of
Br/Cl and I/Cl usually range from 10~1-3 to
1073-2 and 1072-3 to 1075 , respectively, for
fresh waters (Cl = 0.1-1000 mg/1}, and from
10728 to 107%-0 and 107%-* to 10758, respec-
tively, for saline waters derived from mixing
with halite solution brines. 0il-field brines
have much higher Br/Cl and I/Cl than halite so-
lution brines and much higher I/Cl than sea-
water; consequently, pollution by oil-field
brines can be traced even in the presence of
other saline waters.

Ratios of Br/Cl and I/Cl may thus prove more
useful than absolute concentrations of Br and I
in tracer studies where changes in chemistry of
the waters occur in the system to which these
tracers are applied, such as in the mixing of
different waters. Adding Br and I to natural
flow systems may enhance the ability to trace
ground water flow. For example, enhanced trac-—
ing of the movement of many saline waters by Br
and I additions is possible due to the low con-
centrations of Br and I, despite high levels of
Cl. simultaneous addition of Br and I to well
above natural levels may show not only the move-
ment of water by dissolved Br, but also a quali-
tative measure of the adsorptive capacity of the
medium for certain anionic species as indicated
by the greater adsorption of T than of Br.
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AN APPLICATION OF TRACERS TO STUDIES OF
DENITRIFICATION IN GROUNDWATER

M.R. Trudell (Alberta Research Council,
Edmonton, Alberta)

R.W. Gillham and J.A. Cherry (Department of
Earth Sciences, University of Waterloo,
Waterloo, Ontario N2L.3Gl)

(Sponsor: Emil Frind)

In situ investigations of geochemical
reactions are commonly frustrated by an
inability to separate the effects of physical
and chemical processes on the observed trends
in concentration. In this study, an experi-
mental procedure using a non-reactive tracer
was developed for studying the process of
denitrification in hydrogeoclogic envirouments.

A specially designed well point was used
te withdraw a volume of groundwater from a
geologic zone in which denitrification was
believed to be an ongoing process. After
the addition of nitrate and the non-
reactive tracer (bromide), the volume of
groundwater was reinjected through the
same well point. Water samples collected
periodically from the injected groundwater
zone were used to show changes with time



A radar-rainfall system to monitor and
forecast quantitative amounts of rainfall from
convective storms over Chicago in real time
was tested during the summer of 1979. Such a
system can give urban hydrologists present and
future patterns of rainfall, providing the data
necessary to make decisions about the deploy-
ment and storage of storm water in sophisticated
water management systems.

The radar-rainfall system is composed of a
10-cm digital radar coupled with a mini-computer
and 22 telemetered raingages which are used to
adjust radar-indicated rainfall as it approaches
the urban region. Objective analysis methods
accumulated the rainfall at 3.2 kilometer inter-
vals over 42,000 square kilometers. Individual
radar echoes were tracked using an interactive
graphic display technique, and data obtained
from this analysis were used to make objective
forecasts for three regions over Chicago for
the next 30-, 60-, and 120-minutes.

The radar-rainfall system was located 65 kilo-
meters southwest of the center of Chicago.
Results from the test indicate that the system
was capable of monitoring and forecasting quan-—
titative rainfall amounts. Also, the results
point to the need for skilled operators to
interpret and monitor the objective analysis and
forecast schemes.
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NEW DATA COLLECTION EQUIPMENT FOR MINING
DEVELOPMENTS

J. WHITING
K. BINDLE (SASK. Research Council, Saskatoon,
Canada)

The Saskatchewan Research Council {SRC) has
developed three battery operated systems to en-
abTe mining companies to supply water and air
quality data for scrutiny to regulatory agen-
cies.

A field Water Quality Monitor capable of up
to 10 sensor inputs- has been tested. The pres-
ent system uses the following sensors: temper-
ature, water depth, conductivity, pH, dissolved
oxygen. The field tested monitor has the capa-
bility of operating for a period of three
months on a 12 voit battery pack.

A Hydrometeorological Satellite Sending Unit
has been built which is capable of monitoring
water flow (rate and depth), temperature (water
and ajr), precipitation (snow and rainfall),
wind (speed and direction). Alpha and radon
radiation sensors and monitoring by integra-
tion, mean and standard deviation are presently
being researched.

The hydrometeoroltogical unit is presently
configured to a transmitter which conditions
the data and sends to a GOES Satellite. The
system is presently in use on the MacFarlane
River in Saskatchewan. The data is retrieved
every day with graphical output every month.

A Water and Effluent Sampler capable of
taking samples in containers varying from 10 mg
to 5 Titres has been developed and used at SRC.
These samplers can be supplied with refrigera-
tion and heating to enable the system to be op-
erated in the extremes of the climate of Canada.
Typical sampling periods range from 72 seconds
t$ 14 days with individual or integrated sam-
ples.

The use of chemically inert materials in the
construction of the sampler prevents foreign
contamination or corrosion problems associated
with refinery plants.
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URBAN STORMWATER CONTROL PACKAGE FOR
AUTOMATED REAL-TIME SYSTEMS

Dennis M. Morrow (Dept. of Envrn.Quality, Land
Quality Div., Dist. IV, Sheridan, WY 82801)
John W. Labadie (Dept. of Civil Engineering,
Colo. State Univ., Ft. Collins, CO 80523)
(Sponsor: Jacques Delleur)

A stormwater control package (SWCP) has
been synthesized to facilitate the develop-
ment and implementation of fully automatic
computer control for combined sewer flow
management. The SWCP is a methodology for
integrated application of computer models
for inflow forecasting, sewer routing, and
operational storage control in a simulated
real-time environment.

The forecasting model used in the SWCP
is of the autoregressive transfer function
type. Model parameters are updated in
real-time by a sequential regression algo-
rithm which processes available data from
the storm event in progress. Options

available include lead time variation,
weighting the storm in progress vs. histor-
ical data, and model order. The control
policy model used in the package is built
around a blend of optimization and fully
dynamic unsteady flow routing. The multi-
dimensional nonlinear control problem is
decomposed by a heuristic dynamic program-
ming algorithm which uses orthogonal
polynomials to represent the temporal
system state. Options in the control
policy include reactive and adaptive or
anticipatory operating strategies. . The
adaptive strategies use forecasted inflows
and forecast error statisties.

The SWCP is applied to the Marina Branch
of the North Shore Outfalls Consolidation
Project, City of San Francisco, which is
currently under construction. Some compu-
tational experience is presentec« on the
advantages of utilizing anticipatory control
over reactive or set-point control.

H 61

RAINFALL FREQUENCY ANALYSIS FOR URBAN DESIGN

W.E. Watt. Dept. of Civil Engineering,
Queen's University, Kingston, Ontario
K7L 3N6

M.J. Nozdryn-Plotnicki

An investigation was carried out into the
appropriateness of the probability distribution
and fitting technique adopted by the Atmospheric
Environment Service (AES) for rainfall
frequency analysis.

The Extreme Value Type 1 (EV1) distribution
was assessed for three long term Canadian
stations: Victoria, St. Thomas and Quebec.

The EV1 distribution appears to provide a
reasonable fit for durations varying from 5
minutes to 6 hours, but is not clearly superior
to another two-parameter distribution, the
lognormal.

The fitting technique adopted by AES, known
as modified moments or regression, was also
assessed by comparing it with three other
fitting techniques: moments, maximum likelihood
and adjusted maximum likelihood as suggested by
Kimball. This comparison was carried out using
Monte Carlo simulation techniques over the
parameter space deemed to be representative of
short duration rainfall data for Canada. It
was found that, in terms of estimating quantiles
such as X109 and X100° the modified moments
technique was the pgorest with regard to both
bias and efficiency. In general, the maximim
likelihood estimates were the most efficient
and were relatively unbiased.
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TIME DISTRIBUTION OF SHORT DURATION
STORM RAINFALL IN CANADA

HOGG, W.D. (Hydrometeorology Division,
Atmospheric Environment Service, 4905 Dufferin
Street, Downsview, Ontario, M3H 5T4

The paper examines the time distribution of
actual one and twelve hour rain events at 35
locations across Canada. The rainfall events
are selected according to predetermined
intensity criteria. Mass curves with various
probabilities are presented for specific
locations and for regional groupings.
Antecedent rainfall for the five days prior
to the event, is also discussed.

H 63

EXTREME VALUE ESTIMATES OF SNOWMELT
LOUIE, P.Y.T.
HOGG, W.D.

(Hydrometeorology Division, Atmospheric
Environment Service, 4905 Dufferin Street,
Downsview, Ontario, M3H 5T4

Some urban design problems require extreme
value estimates of rainfall over several days
duration. In the Canadian climate, snowmelt
events lasting several days may also provide
significant volumes of water which must be
considered in these design problems. This
paper presents extreme value estimates for
snowmelt events of one to ten days duration
for several Canadian locations. The snowmelt
values are based on point. estimates derived
from simple models using standard climatological
data.
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KINEMATIC DESIGN STORMS FOR URBAN HYDROLOGY

William James (Civil Engineering Department,
McMaster University, Hamilton, Ontario,
Canada, L8S 4L7)

John J. Drake (Geography Department, McMaster
University, Hamilton, Ontario, Canada L8S 4L7)

The paper explores the use of a numerical.storm
model as a pre-processor for a detailed urban
runoff model. The proposed storm model
generates hyetographs for each subcatchment,
thus simulating the spatial and temporal growth
and decay of a system of stormcells as they
track across the urban catchment system.

Traditionally, design storms are developed from
statistical analysis of rainfall records; the
methodology was designed for use with flood
predictions based on the rational formula.

This synthetic temporal distribution is
typically applied uniformly across the
catchment. The resultant rain distributions
are unlike observed rain storms.

Large cells of uniform rainfall intensity are
rare even in prolonged frontal events. Rain |
cells tend to be elliptical, aligned sub-
parallel to the front and moving sub-parallel
to it. Rainfall is typically most intense -
near the leading edge of the cell. 'Convective
cells tend to be circular with a circular
rainfall intensity pattern. Statistics of the
size and-distribution of rain cells can be
obtained most readily from weather radar
studies.

AGU Symposiumon
Urban Hydromete-
orology & Canadian
Hydrology Symposium
80 Hydrology of
Developed Areas
Harbour B

Tuesday A.M.

William Pugsley
(Atmosphere Environment
Service), and Harry Wenzel
(Univ. of lilinois), Presiding

H 65 INVITED PAPER

REAL TIME ESTIMATION OF MEAN AND COVARIANCE
STRUCTURE OF RAINFALL :

Edward R. Johnson (Department of Civil Engi-
neering, Georgia Institute of Technology,
Atlanta, Ceorgia 30332)

Rafael L. Bras (Department of Civil Engineer-
ing, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139)

Short-term rainfall prediction in time
and space requires parameter estimation in
real time. Several methods for estimating
the non-stationary mean, the non-stationary
variance, the residual covariance, and the
storm velocity of a rainfall event using
raingage data alone are discussed. Perfor-
mance of suggested techniques are illustrated
with exzmples. Alternate methods which may
be more appropriate when radar data is avail-
able are proposed.

H 66

HYDRAULIC LABORATORY AND FIELD INVESTIGATIONS
FOR INLET CONTROLS

R. Townsend, (Dept. of Civil Engineering,
University of Ottawa, Ottawa, Ontario
KIN 9B4)

P. Wisner, D. Moss, (Dept. of Civil Engineering
University of Ottawa, Ontario, Ontario
KIN 9B4)



The first part of this paper presents various
appreciations of inlet controls for separated
and combined sewers. The second part presents
a series of tests conducted in the hydraulic
laboratory of the University of Ottawa on an
experimental facility representing at the
scale 1/1 a street section an inlet. Hydraulic
performance and observations on clogging led
to practical recommendations for a large
development in the Township of Vaughan, Ont.
Field observations were also conducted and are
briefly discussed.

H 67 INVITED PAPER

INVESTIGATION OF SOIL CONSERVATION
SERVICE URBAN HYDROLOGY TECHNIQUES

Duke G. Altman (Espey, Huston & Assoc.,
Tnc., P.0. Box 519, Austin, TX 78767)

Dr. W. H. Espey, Jr., (Espey, Huston
& Assoc., Inc., P.O. Box 519, Austin,
TX 78767).

Arlen D. Feldman (U.S. Army Corps of
Engineers, HEC, 609 2D Street, Davis,
CA 95616).

{Sponsor: Leo R. Beard)

The ability of certain SCS hydrologic
techniques in predicting the effects of
urbanization on flood peak discharges
and frequency relationships for sets of
urban and undeveloped watersheds in the
Austin and Dallas, Texas regions was
studied. Comparisons are made between
calculated versus optimized runoff
curve numbers and lag times as well as
synthetic (HEC-1 and design storms) and
annual series frequency curves for the
four watersheds. The SCS techniques
are reviewed in consideration of the
findings. The general nature of the
SCS techniques make their use very
attractive as a universal method, es-
pecially in areas with little or no
rainfall/runoff data. This paper pre-
sents some of the positive aspects as
well as limitations of the techniques.

In general, the SCS methods produced
low estimates of peak discharge, es-
pecially in urban areas. Reasons for
the low peak discharge estimates are
presented. The capability of SCS hydro-
logic techniques in predicting the
effects of urbanization on flood dis-
charges is evaluated.

H 68"

URBANIZATION IMPACTS ON PENNSYLVANTA FLOOD
PEAKS

David F. Kibler (Department of Civil Engi-
neering, The Pennsylvania State University,
University Park, PA. 16802)

Robert P. Craig (U.S. Army Engineers School,
Fort Belvoir, VA.)

Gert Aron (Department of Civil Engineering,
The Pennsylvania State University, Uni-
versity Park, PA. 16802)

The impact of man-made change on the hydro-
logy of developing watersheds is frequently
measured in terms of the ratio: flood peak
after development to flood peak before de-
velopment over a range of return periods.
However, the analysis of urbanization effects
on flood frequency presents a vexing problem
because of a general lack of flood data in
urban areas and also because of non-stationar-
ity in the development process. Clearly, the
flood peak ratio depends on the impervious
fraction and percent of basin sewered and
these factors have been taken into account in
recent urban flood peak models. In general,
these models are developed either by:

(1) split-sample analysis of available annual
flood data; or (2) by computer simulation
using mathematical watershed models capable

of representing man-made changes. The present
paper discusses the results of work in-progress
to characterize the impact of urbanization on
small developing watersheds in Pennsylvania,

H 69

APPLICATION OF HYDROLOGICAL MODELS FOR
FORECASTING RISING WATERS

GIGNAC, Claude

ROUSSELLE, Jean (respondent)

EL-JABI, Nassir

(Ecole Polytechnique de Montreal

C.P. 6079, Succursale A, Montreal (Quebec)
H3C 3A7)

Within the framework of a study of a
system to announce rising waters, short-
term hydrological forecasting is an
essential and important stage. This
communication presents two hydrological
models which have been applied to respond
to this objective. It concerns the model
used by 1'Hydro-Quebec for calculating
natural deposits and the WRB (Water
Resources Branch) model of Environment
Canada. These two models are easy to
use and are able to furnish results that
are as satisfying as those from certain
more complex models. The authors have
tried to verify the accuracy of these
models in reproducing the actual traits
of the output. They were calibrated
and verified on the basin of the Eton
River, an area of 642 kmz,wwhich is
situated in southern Quebec. A few
hydrograms are presented and the results
show that these models can simulate the
outputs in an acceptable manner at the
time of forecasting short-term water
risings.

H 70

TECHNICO-ECONOMIC SYSTEMATIZATION OF
FLOOD PLAINS

EL-JABI, Nassir

ROUSSELLE, Jean (respondent)

Gignac, Claude

(Ecole Polytechnique de Montreal

C.P. 6079, Succursale A, Montreal (Quebec)
H3C 3A7)

The planning of water resources as well
as the management of the banks imply that
studies that are technical as well as
economic and social be undertaken,

In the present study the interest will
lie in the administration and the rational
planning of flood plains where they will be
considered an integral system formed of
hydrological, hydrometrical, physical, and
economic components.

The approach used is that of digital
simulation, which consists of considering
the process of rising water as well as its
impact on flood plains as a complex system
which permits estimation of the hydro-
logical characteristics (height of sub-
mersion, period of return) for each
economic unity of the different sectors
of activities (residential, agricultural,
industrial, commercial} in the flood
plains. This consideration permits
establishing functions of 'flood-damage"
transfer which can be regionalized in time
and in space.
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H 71 INVITED PAPER

INFLUENCE OF DEVELOPMENT
ON THE
HYDROLOGICAL CYCLE

Neil S. Grigg

(Assistant Secretary for Natural Resources,

NC Department of Natural Resources & Community
Development, and Director, UNC Water Resources
Research Institute, on leave).

The hydrological cycle is a marvelous engine
for collecting, transporting and cleaning wa-
ter. Development has always followed the
availability of water. Modern urban, indus-
trial and agricultural developments have ad-
verse effects on the water cycle, however,
and solving the resulting problems constitutes
the most serious problem in water management
today. Urban impacts on the water cycle are
perhaps the most severe. Others include:
agriculture, mining, silviculture and con-
struction. The final result of these activi-
ties is an environmental impact, sometimes
acceptable, sometimes destructive. but not
always anticipated. The span of concern for
hydrology must include the influence of man
on the water cycle. Using the results of
hydrological studies of the last twenty years
current awareness of the impacts of develop-
ment is assessed. Included are research re-
sults, findings from nonpoint pollution
studies, modeling predictions and metecoro-
logical implications. A linkage between urban
stormwater management and water management

in general is established through the common
environmental preservation objective. Methods
for prediction are reviewed and research needs
are discussed. Needs of policy-makers at the
three levels of government are compared to
the supply of technology made available
through hydrological research. Suggestions
are made for researchers to relate their

work cleser to the practical technology needs
of government and business.

URBANIZATION EFFECTS ON STREAMFLOW
ON THE SPEEDVALE WATERSHED, GUELPH

H.R. Whiteley, (School of Engineering, Univ.

of Guelph, Guelph, Ontaric. N1G 2Wl
W.T. Dickinson, R.W. Irwin (School of Engzg.,
Univ. of Guelph); M.H. Quast (Env. Canada).

. Outflow rates from the 2 sz Speedvale
watershed on the northwest corner of Guelph
changed significantly when the land use on

the watershed changed from rural to urban.

Data from eight years prior to urbanization

and four years after construction of commercial/
industrial buildings have been analyzed.

The frequency of flow peaks, especially in
the months May through October, have increased
dramatically following urbanization. Time to
peak has decreased from about 6 hours to less
than one hour. The proportion of input
appearing as stormflow has increased markedly.
During extended dry periods outflow rates have
increased since outflow is now perennial while
periods of zero streamflow were common prior
to urbanization.

H73

OVERCONTROL OF URBAN RUNOFF: DISCUSSION OF
SEVERAL CASE STUDIES

P. Wisner. (Dept. of Civil Engineering,
University of Ottawa, Ottawa, Ontario
KIN 9B4)

The first part of the paper presents a
critical review of the "zero runoff increase"
policy used by various regulatory agencies in
Canada and the U.S. Requirements for flexibil-
ity are illustrated by examples taken from
recent projects.

The second part introduces the principle of
"overcontrol”. Reduction of postdevelopment
flows to less than predevelopment flows maybe
achieved in order to reduce existing flooding
in the major drainage system of downstream
areas.

The third part presents examples of applica~
tion of this principle in several canadian
projects and discusses the economics and
other implementation aspects.
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DETECTING HYDROLOGIC CHANGES - A CASE STUDY

W.T. Dickinson (School of Engineering, Univer-
sity of Guelph, Guelph, Ontario, N1G 2W1)
T.C. Sharma.

In response to current interest and comcern
regarding the possibility and extent of changes
in the water balance in developed areas, a
strategy has been developed for detecting hydro-
logic change(s). This strategy has been imple—
mented in a case study of the Grand River Water-
shed in southern Ontario.

The variables selected for consideration
include annual precipitation, winter precipita-
tion, annual runoff, and annual peak mean daily
discharge. The methodology involves a rational
division of the data set into two or more time
sequences, and the determination and comparison
of corresponding statistical parameters reflect—
ing mean, variance, autocovariance, skewness,
and extremal properties.

Analysis of data for the Grand River has
revealed no hydrologic changes in the selected
precipitation variables i.e. the sequences can
be considered to be stationary random processes
with constant means and variances. However, the
mean annual runoff volume has increased approx-
imately 18 percent over the period of record,
and probability of flooding at Galt has more
than doubled since 1942. Suggested causes of
these changes are offerred but not confirmed.

H 75

EVALUATION OF URBAN DEVELOPMENT IMPACT ON
STORM RUNCFF BY DIGITAL COMPUTER

¥.S. Fok {Dept. of Civil Engineering,
University of Hawaii, Honolulu, Hawaii
96822)

BE.T. Murabayashi (Water Resources Research
Center, Univ, ©of Hawaii, Honolulu, Hi.
96822) :

The impact of urban development on storm
runoff has been evaluated by means of a mod-
ified ILLUDAS model. Using storm runoff
data obtained from an experimental urban
watershed model was calibrated for hydro-
graph simulation. Different land cover such
as paved impervious land, supplemented
paved land and grass land of an urban area
was programmed as subroutines. The impact
of these urban land covers on storm runoff
was evaluated by changing those impervious
land covers back into pervious covers to
facilitate the pre-urbanization condition
for a subsequent storm hydrograph simula-
tion. Therefore, the before and after eff-
ect of urban development on storm hydro-
graph can be compared by modifying the land
covers. With six storm events recorded,
the evaluation shows the peak flow can be
increased 3.77 times after urbanization.
This magnitude of increased runoff is com~
parable to the 4.96 times reduction in in-
filtration rate found in the same experi-
ment.
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ESTIMATING RUNOFF POLLUTION FROM LARGE URBAN
AREAS

Shaw L. Yu (Dept. of Civil Engineering, Univer-
sity of Virginia, Charlottesville, VA 22901)

William Whipple, Jr., and James Di Louie
(Rutgers University, New Brunswick, NJ 08903)

Presented in this paper are results of several
studies that examined the extent of runoff
pollution from large urban areas, illustrated
by the Delaware Estuary. Pollutants including
8OD, NH3-N, N03-N, POA-P, and suspended solids

were measured during storm events for a number
of watersheds in Trenton, N.J. and Philadelphia,
Pa. Quantitative analyses were made on the
basis of storm event loading determinations,
related statistically to storm characteristics
such as storm intensity and duration, and ante-
cedent conditions, and to land use patterns.
Considerable data were obtained and were com-
pared with results obtained previously and”
extended to the urban areas adjacent to the
Delaware Estuary. Comparisons were also made
with estimates made by others for the National
Commission on Water Quality, and for Section 208
Studies of the Delaware Estuary Region. Al-
though urban runoff loads from cities adjoining
the estuary are of considerable significance,
they are far exceeded by loadings which pre-
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sumably originate from combined sewers, indus-
trial effluents, and areas upstream in tributary
watersheds. For water quality management of
large areas, neither a delivery ratio nor a
source sampling approach is adequate, because
all of the various sources of major pollution
loadings are not evaluated by either. In this
paper a sampling strategy to provide sufficient
data for a more complete analysis is outlined.

Meteorology

Remote Sensing and
Radiation

Bay

Thursday A.M.

J. Drummond (Univ. of
Toronto), Presiding

M1

MILLSTONE HILL RADAR OBSERVATIONS OF
WINDS AND TURBULENCE

B.J. Watkins

R.H. Wand (all at: Northeast Radio
Observatoxry Corporation, Haystack
Observatory, Westford, Massachusetts
01886)

The Millstone Hill 440 MHz radar
(Westford, Ma) has been upgraded for
studies of atmospheric turbulence and
winds. Scattering from turbulence
has been observed from altitudes
1-24 km.

The antenna is a 150 foot diameter
steerable dish, and we describe some
initial results of experiments with
the antenna pointed at low elevation
angles {~15 degrees) gathering data
from the upper troposphere and lower
stratosphere (7-15 kms) .

The objective of these experiments
has been to investigdte the occurrence
of waves in both the radial wind
component and the refractivity turb-
ulence structure constant (Cy).
Fluctuations and waves in both
quantities are frequently observed.
On one occasion, waves in Cﬁ (period
20 minutes) with up to an order of
magnitude variation were observed at
a height of 10 km. They were re-
stricted to a height interval of about
1 km located at and below a level of
velocity shear, and begun at the time
of shear formation.

M2

A PHYSICAL MODEL TO ESTIMATE DAILY INSOLATION
FROM VISIBLE SATELLITE MEASUREMENTS

G. Diak (Space Science and Engineering Center,
1225 W. Dayton Street, Madison, WI 53706)
C. Gautier , S. Massé

We present a model designed to estimate the
incident solar radiation at the surface from
GOES Satellite brightness measurements in clear
and cloudy conditions. In this simple physical
model, water vapor absorption and Rayleigh
Scattering are introduced by means of their
climatological effects on shortwave radiation in
Southern Canada, but the main emphasis is on
cloud effects. Cloud albedo and absorption
are derived from brightness measurements on the
assumption that they both are linearly related
to the brightness. This simple treatment
however, applied to individual picture elements
represents quite accurately the bulk effect of
clouds, as illustrated by our results. Compari-
sons with daily insolation measurements from
three pyranometers located in Toronto, Montreal
and Ottawa in Spring and Summer 1978 showed that
the satellite estimates were, on the average,
within 97 of the ground measurements for a large
variety of cloud conditions. The hourly vari-
ations measured on the ground. This study
has shown that a simple model is sufficient for
the determination of the imcident solar
radiation when the high spatial and temporal
coverage of a geostationary satellite is used.
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DAILY INSOLATION CLIMATOLOGY OF CANADA FROM
GOES MEASUREMENTS

S. Massé (Space Science and Engineering Center,
1225 W. Dayton Street, Madison, WI 53706)
C. Gautier, G. Diak, M. Valin

A physical model will be presented to esti-
mate the incident solar radiation at the
surface (insolation) from GOES Satellite bright~
ness measurements in clear and cloudy conditions.
This model uses full resolution, hourly visible
images. Hourly and daily insolation have been
estimated for Toronto, Ottawa and Montreal and’
compared with ground pyranometer measurements.
The satellite éstimates and the ground pyrano-
meter measurements compare favorably - the
estimates falling within less than 10%Z of the
pyranometer measurements.

This model is now being applied to hourly
GOES data for an equivalent of four months'
worth of data (120 days) spread over four
seasons. The GOES data set has been randomly
selected on grounds of data quality (recording
and navigation). The results of this appli-+
cation will be presented as weekly, monthly
and seasonal insolation maps for Southern
Ontario and Quebec.

M4

MONITORING URBAN HEAT ISLANDS USING SATELLITE
DATA

Michael Matson (NOAA/National Environmental
Satellite Service, Washington, D.C. 20233)
(Sponsor: Donald R. Wiesnet)

High-resolution satellite thermal infrared
sensors now provide a capability whereby the
urban heat island phenomenon can be Toutinely
monitored and quantified. Variation of urban
heat islands diurnally, seasonally and during
different meteorological conditions can also be
ascertained using the satellite data. Examples
of satellite thermal information for several
North American metropolitan areas are presented
using the 1 km resolution NOAA-5 and NOAA-6 data,
the 8 km GOES data, and the 0.5 km HCMM data.
Such thermal information may prove useful to
modellers and meteorologists concerned with
urban boundary layer climates.

M5

SUMMER PRECIPITATION FREQUENCY OF THE NORTH
CENTRAL U.S. FROM SATELLITE
MICROWAVE OBSERVATIONS

Philip A. Durkee (Department of Atmospheric
Science, Colorado State University, Fort
Collins, Colorado 80523)

Thomas H. Vonder Haar (Department of
Atmospheric Science, Colorado State
University, Fort Collins, Colorado 80523)

The Nimbus-6 electrically scanning microwave
radiometer (ESMR-6) is used to observe raining
areas over the north central U.S. from June 11
through August 31 of 1976. A technique is de-
veloped whereby the frequency distribution of
microwave brightness temperatures over the
area is analyzed to determine a threshold tem-
perature below which precipitation is assumed.
Local noon and midnight observations are ex—
amined yielding information about the diurnal
characteristics of summer precipitation in
this area. Finally, precipitation frequency
analyses from the ESMR-6 observations are
compared to hourly raingage observations.

M6

A RADAR TO SATELLITE DATA TRANSFER FUNCTION
FOR INFERRING PRECIPITATION RATES OVER THE
EASTERN PACIFIC

John Spagnol (Pacific Weather Centre,
A.E.S. Vancouver, Canada)

One of the most difficult analyses the
operational forecaster at the Pacific Weather
Centre has to perform is the delineation of
the precipitation areas over the Pacific. A
detailed quantitative assessment of precip-
itation intensities has virtually been
impossible using the conventional data set.

The recent installation of the SCEPTRE
radar at Abbotsford has helped, but only
marginally. The range of the radar extends

o)




to about 100 km west of Vancouver Island.
This range gives only two or three hours
warning before the precipitation area moves
overland. At present, the operational
forecaster requires this information two
days upstream from the British Columbia
Tegions.

The GOES satellite data .set effectively
covers the Pacific two or more days upstream
from the B.C. coast. Ingraham (1979) devel-
oped a method of nowcasting precipitation
rates from satellite imagery. A similar
approach can be used to develop a simple
transfer function from the radar to the
satellite data. Using this function and the
satellite data set, the radar precipitation
data may be extrapolated outward into the
Pacific.

This paper describes the transfer function
and the possible operational system that could
be developed at the Pacific Weather Centre.

M7

HIGH SPECTRAL RESOLUTION CALCULATIONS OF
INFRARED CLOUD REFLECTIVITY AND TRANSMISSION

Alan C. Stanton, Lawrence S. Bernstein, and
David C. Robertson’

{Aerodyne Research, Inc., Bedford, MA 01730)
(Sppnsor: Fritz Bien)

The reflected and transmitted flux from
atmospheric water and ice clouds in near-
infrared molecular absorption bands is studied
using a Monte Carlo radiative transfer model.
In many clouds the molecular absorption
optical depth near line center dominates
scattering and absorption by particles, and
the reflected and transmitted flux thus
exhibit high-resolution spectral structure
(Aw ~ .01 cm'l). Accurate monochromatic cal—
culations of the type reported here are
required to characterize cloud signals for
high resolution atmospheric studies. These
calculations also provide a useful check on
approximate methods which are used in radia-
tion budget models to describe molecular
absorption in clouds.

M8

REMOTE SENSING OF CLOUD PARAMETERS -
RESULTS FROM JUNE 1979 OBSERVATIONS

Robert J. Curran (all at: Laboratory for
Atmospheric Sciences, Goddard Space Flight .
Center, Greenbelt, MD 20771)

Michael D. King

Man-Li C. Wu

A program is being developed to observe cloud
physical and radiation properties in an effort
to aid in understanding the effects of clouds

on the earth’'s climate. As part of this program
the authors, are developing remote sensing )
techniques to be applied to remote observations
of clouds made from a high altitude aircraft.
The instruments involved in making the remote
observations include a seven channel multi-
spectral radiometer and an airborne lidar. The
radiometer has channels in the near infrared and
thermal infrared, chosen to provide observations
necessary for inferring several cloud physical
parameters.

The instrumentation described was flown on the
NASA WB-57 in May and June 1979, as part of the
Severe Envirommental Storms and Mesoscale Exper—
iment in the midwestern U.S. Analysis of the
data acquired from these flights has been
focused on verifying cloud altimetry utilizing
the 02 A-band at 0.76 um and cloud thermo-
dynamic phase. The altitude verification is
made using lidar determination of cloud top
height as compared to the results obtained from
passive radiometry. Remote sensing of cloud
thermodynamic phase has used observations made
at 1.61 um. The theoretical development of the
1.61 um reflectances have been reported
earlier. Recent observations at 2.12 um are
presently being used to augment the interpreta-
tion of the 1.61 um determinations.

M9
SIMULATION DE L'ENERGIE SOLAIRE- AU SOL

Gaston Paulin, Service de la Météorologie,
ministére de 1'Envirommement, 194, avenue
Saint-Sacrement, Québec, P.Q., Canada,
GIN 4J5.
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Le régime journalier du rayonnement solai-~

re global au sol a &t& reconstitué aux six
stations du réseau radiométrique de base ca-
nadien situ€es au Québec & 1'aide d'un mo-
déle numérique simulant le transfert de 1'&-.
nergie solaire # travers 1'atmosphére. Les
données d'humidité atmosphérique, de trouble
atmosphérique et d'albédo au sol ont &té in-
terpolées dans le temps et l'espace 4 partir
de la climatologie mensuelle connue de ces
champs. La nébulosit® a &té tirée des sé-
quences horaires des dur8es d'ensoleillement
observées 3 ces mémes stations et &chelonnées
sur une méme période de 974 jours. On a es-
timé les limites de précision du moddle en
déterminant 1'erreur quadratique moyenne en-
tre la valeur calcul&e et mesurée pour 1, 2
3, ... et 20 jours conséecutifs. On a ainsi
trouvé que 1l'erreur quadratique moyenne di-
minue rapidement pour les regroupements de
1 & 10 jours et se stabilise pour les pério-
des plus longues. L'amplitude de 1'erreur
quadratique moyenne varie saisonniérement

et latitudinalement &étant en général plus fai-
ble en &té et au sud. La variabilité des
valeurs journaliéres simulées n'est que 18-
gérement supérieure & celle des données jour-
naliéres mesurées. Il est démontré finale-
ment que l'utilisation journalidre des ré-
sultats du modéle est préférable 4 1'utili-
sation de la climatologie du régime solaire.

M 10

INSTRUMENTAL DETERMINATION AND MODEL ESTIMATION
OF LONGWAVE IRRADIANCE AT THE GROUND

William J. Blackburn (Department of Geography,
McMaster University, Hamilton, Ontario, Canada)

John A. Davies (Department of Geography, McMaster
University, Hamilton, Ontario, Canada)

Incoming longwave irradiance is commonly
determined by direct measurement with an Eppley
pyrgeometer or as a residual from pyrradiometer
measurements of incoming total (solar and long-
wave irradiance and pyranometer measurements of
solar irradiance. Two models of the Eppley
pyrgeometer have been manufactured. The first
used a KRS-5 dome which heats by absorption of
solar radiation thus becoming an unwanted source
of longwave radiation for the thermopile. For
this reason, uncertainties in measured irradia-
nce have meant that the data base against which
models could be tested was limited. A modified
version of the Eppley pyrgeometer designed to
eliminate the solar heating problem is fitted
with a silicon dome. In this study, all three
instrumental determinations were used. Data
suggest, although we cannot unresexvedly confirm,
that the most reasonable measurements of long-
wave irradiance were obtained using the silicon-
domed pyrgeometer. Measurements made at Hamilton,
Ontario under cloudless or near cloudless skies
have also been compared with model estimates.

M1l

COLOR CHANGES RELATED TO SOIL EROSION IN SOUTH-
WEST KANSAS AS DETECTED BY LANDSAT

P._Jacobberger (McDonnell Center for the Space
Sciences, Department of Earth and Planetary
Sciences, Washington University, St. Louis,
MO 63130)

Over 8 million acres of crop and range land
in Kansas and surrounding states were damaged
by wind erosion during the winter of 1975-76.
In the vicinity of Liberal, Kansas, visible
soil removal amounted to 3-6 cm; this is equi-
valent to a topsoil loss of 167-333 tons/acre
/yr. Three iLandsat scenes, centered over the
Liberal area and acquired 13Mar76, 01Apr76, and
(06May76 were digitally ratioed and contrast-
enhanced to accentuate color and albedo differ -
ences. Striking color and albedo differences do
exist among the three frames. Boundaries be-
tween major soil units {chestnut soils, reddish
prairie soils, etc.) can be readily discerned.
Anaiysis of image data for a test area (chosen
for its visible qualitative color and albedo
changes) reveals-a marked reddening of the
surface from 13Mar to OtApr. Similar analysis
of a control area shows little change over the
same time frame. The two areas are similar in
size and are underlain by the same soil type.
The reddening of the test area is consistent
with wind stripping to reveal subsoil layers;
this hypothesis is also consistent with Soil
Conservation Service records which show several
dust storms occurring in the area between
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01Mar76 and 25Mar76, and no rain until 15Apr76.
According to these same records, over 25,000
acres of land in a single county were in fact
wind-damaged during March 1976.

Atmospheric Chemis-
try

Queen’s Quay

Friday P.M.

Julio V. Iribarne (Univ. of
Toronto) and T. E. Graedel
(Bell Labs), Presiding

M1z

GRAPHICAL TECHNIQUES FOR THE PRESENTATION OF
RESULTS FROM ATMOSPHERIC CHEMICAL MODELS

T.E. Graedel (Bell Laboratories, Murray Hill, NJ 07974)

The results of at heric chemical model ions are
voluminous and complex. The mode! developer must, in prac-
tice, be as ingenious in analyzing and presenting the results as he
is in the mode! formulation if maximum information is to be ex-
tracted and communicated. Graphical presentaticns of results are
often significant aids in these processes. Using calculations of ni-
tric acid and ozone concentrations in an urban region as functions
of time and two spatial di i a variety of hical displays
have been devised and evaluated. These displays include plots of
concentration and rate variation with time, superposition of con-
centration gradients, model validation by graphical comparison
with- robust estimates of data, and plots of concentration and
kinetic rate parameters as functions of both space and time. The
results suggest that three-dimensional plots of source and sink
rates as well as of concentrations in parameter-distance-time space
are of particular utility.

M 13

THE SEASONAL VARIABILITY OF THE VERTICAL DISTRI-
BUTION OF ATMOSPHERIC AMMONIA

J. M. Hoell (Langley Research Center, Hampton,
Va. 23665) C. N. Harward (0ld Dominion Univ.,
Horfolk, Va. 23508) W. A. McClenny (Environ-
mental Protection Agency, Research Triangle Park,
H. C. 27711)

(Sponsor: Joel S. Levine)

Remote measurements of the vertical distribu-
tion of ammonia have been obtained at Langley
Research Center, Hampton, Va. over a l-year time
period beginning in the latter part of March
1979. These vertical profiles were inferred
from high resolution solar transmittance data on
the 927.32323 cn~! ammonia absorption feature
obtained using an infrared heterodyne radiometer
(IHR). Ground level in situ measurements, ini-
tiated in June 1979, have also been obtained
pericdically in order to collaborate and supple-
ment the profile data. The in situ data were
obtained using a technique to preconcentrate
armonia via selective adsorption on teflon beads
with subsequent thermal desorption into an opto-
acoustic cell for quantitative analysis.

Results from the remote measurements indicate
enhanced tropospheric levels of ammonia during
the spring time period which decrease to rela-
tively stable levels during the summer months
with & further decrease during the winter months.
Eoring profiles exhibited ground level values
around 10 ppb decreasing to about 1 ppb at 10 Km.
The summer profiles exhibited ground level con-
centration of approximately 1 ppb decreasing to
the sub-ppb levels at 10 Km. The in situ mea-
surerents alsc indicated summer ground level am-—
monia concentrations in the 1 to 2 ppb range.
From the in situ date, ground level winter con-
centretions were found to be in the .1 to .5 ppb
range. These low levels coupled to the decrease
in emmonia with altitude were below the sensiti-
vity of the IHR. The enhance spring levels are
thought to be results from the volatilization of
armonium nitrete fertilizer applied to agricul-
turel fields in early spring.
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THE AMMONIA BUDGET OF THE ATMOSPHERE/BIOSPHERE
SYSTEM

Joel S. Levine (NASA Langley Research Center,
Hempton, Va., 23665)

Tommy R. Augustsson (01d Dominion University,
Norfolk, Va. 23508)

Jemes M. Hoell (NASA Langley Research Center,
Hampton, Va. 23665)

A one dimensional tropospheric photochemical
model has been used to study the processes,
i.e., homogeneous and heterogeneous loss and
vertical transport, that control the vertical
distribution of tropospheric ammonia, as
measured by the Infrared Heterodyne Radicmeter
(IAR). The homogeneous loss of NH3 was found
to be controlled by its reaction with OH (the
loss of NHz due to photodissociation
(A < 230 nm) important in the stratosphere is
negtigible in the troposphere). The charac—
teristic time for homogeneous loss due to OH
varies from about 40 days at the surface to
about 180 days at 10 km. The best fit charac-
teristic time for heterogeneous loss is in
excess of 10 days, and the characteristic
vertical transport time is about 35 days.

Seasonal IHR and in situ NH3 measurement sug-
gest that the application of ammonium nitrate
agricultural fertilizer may represent the
largest anthropogenic perturbation to atmo-
spheric ‘composition yet detected--increasing
surface NH3 levels more than an order of magni-
tude, at least on a regional scale. Ammonium
nitrate fertilizer appears to be a significant
source of exchangeable NHh"' in the biosphere,
along with the bacterial decompositicn of the
dead biomass, and to a lesser degree, the pre-
cipitation and dry deposition of atmospheric
I\IH3. Measurements also suggest that the
volatilization of ammonium nitrate fertilizer
is very rapid--less than a month after the
application of the fertilizer.

M 15

THE SULFUR BUDGET OF THE TROPOSPHERE

Tommy R. Augustsson {01d Dominion University,
Norfolk, VA 23508)

Joel S. Levine (NASA Langley Résearch Center,
Hampton, VA 23665)

Surendra N. Tiwari (014 Dominion University,
Norfolk, VA 23508}

Several anthropogenic activities appear to be
major and ever-increasing sources of sulfur to
the global troposphere. Yet, of all global
tropospheric species budgets, the sulfur budget
is perhaps the least understood and least
studied. The vertical distribution of the
sulfur species has been investigated using a
one-dimensional tropospheric model, that includes
the photochemistry and chemistry of the oxygen,
nitrogen, carbon, and hydrogen species. The
sensitivity of calculated profiles of tropo-
spheric S0p, COS, HoS, €S2, as well as the
short-lived intermediate species to various
poorly known and uncertain model input
parameters will be discussed. Some of the
poorly known model input parsmeters include the
reaction path and reaction rate of several key
sulfur species reactions, as well as the roles
of heterogeneous loss and dry deposition in
controlling the sulfur species budget. The
sensitivity of calculated sulfur species to
perturbations in other tropospheric species,
such as OH, will be discussed. Calculated
sulfur species profiles will be compared with
the very limited set of measurements of
tropospheric sulfur species.

M 16
A COMPUTED SULPHUR BUDGET FOR EASTERN CANADA

M.P. 0lson (Atmospheric Environment Service,
Toronto, Canada}
E.C. Voldner, K.K. Oikawa

The Atmospheric Environment Service
Long-Range Transport of Air Pollutants
trajectory and concentration models have
been used to compute the concentration,
deposition and transboundary fluxes of
sulphur in the Eastern Canadian region for
the year 1978.

Back trajectories have been computed
from selected points in the region and con-
centrations determined at the points by
using a North American $02 annual emissions
inventory and parameterizing the physical
and chemical processes. Sulphur budgets

were computed from the transboundary fluxes
and sulphur depositions.

The preliminary results indicate that
15% of the U.S. sulphur emissions enter
E. Canada primarily across the lower Great
Lakes. About 60% of the transboundary
sulphur is deposited in E. Canada and
accounts for one-half of the deposition
in the region. Emissions within the region
contribute the other half of the total
Eastern Canadian sulphur deposition.

M 17

MEASUREMENTS OF ATMOSPHERIC CSo AND THEIR
IMPACT ON THE RELATIVE IMPORTAﬁCE OF CSp
IN THE  GLOBAL SULFUR CYCLE

P. J. Maroulis
A. R. Bandy (Chemistry Department, Drexel
University, Philadelphia, Pa. 19104)

Our recent ground Tevel measurements
of tropospheric (S made at Philadelphia,
Pa. and Wallops Island, Va. indicate that
the €Sy concentration from background
areas 1s approximately 30 pptv and that
€Sy levels in anthropogenically influ-
enced regions are five to ten times
higher. Using 30 pptvy as the background
level of CSy and published rate data for
the reaction of OH with CSp, 0CS and SOp
we estimate that CS, can account for a
maximum of 20 percent of atmospheric OCS
and a maximum of 33 percent of background

S05.
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THE PHOTOCHEMICAL BUDGET OF TROPOSPHERIC OZONE

W.L, Chameides, A. Tann, P. Walker (Dept. of
Physics, Univ. of Florida, Gainesville,
Florida 32611)

The importance of photochemistry in the
tropospheric ozone budget and whether photo-—
chemistry supplies a net source or sink of
tropospheric ozone are presently questions of
intense scientific debate. In this work we
present results obtained from a.time~dependent
photochemical box model and a global two-
dimensional diagnostic model which have been
used to study ozone photochemistry. The
results indicate that, given the low NOyx
abundances recently observed, photochemical
destruction dominates over production of
ozone over most of the earth's surface,
although both processes appear to be globally
significant when compared to the stratospherie
source,

M 19
A STRATOSPHERIC SOURCE FOR REACTIVE
NITROGEN IN THE UNPOLLUTED TROPOSPHERE

H. Levy IT

Geophysical Fluid Dynamics Laboratory/NOAA
Post Office Box 308

Princeton, NJ 08540

J. D. Mahlman

W. J. Moxim

(Sponsar: Syukuro Manabe)

" Recent measurements of very low NO and HNO
mixing ratios in the atmospheric boundary layer
over the tropical Pacific suggest that downward
transport of reactive nitrogen (NOY) from the
stratosphere, though a small source when com-
pared to combustion, may be important in the un-
polluted troposphere. A GFDL 3-D generalized
tracer field has been scaled so that its down-
ward flux into the troposphere is balanced by
the calculated stratospheric production of NOY.
While the model results show stratospheric NOv
to be a significant source for the remote tropo-
sphere, they do not rule out contributions from
either the long-range transport of combustion
NOY or the insitu production by 1ightning. The
model NOY climatology in the unpolluted tropo-

3

sphere shows a strong interhemispheric asymmetry
due to greater downward NOy flux in the northern
hemisphere and a steep drop off to a minimum in
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the tropics resulting from a combination of
model features {tropical rainbelt, ITCZ, and
Indian monsoon) which have been well documented
in the real atmosphere.
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REASSESSING THE IMPORTANCE OF WETLANDS AS A
GLOBAL SOURCE OF TROPOSPHERIC METHANE

Robert C. Harriss (NASA Langley Research
Center, Hampton, Va. 23665)

Daniel I. Sebacher (NASA Langley Research
Center, Hampton, Va. 23665)

(Sponsor: Joel S. Levine)}

A continuous sampling Gas—Filter Corre-
lation. (GFC) system. has been developed for
measuring methane emissions from soil and water
surfaces to the atmosphere. The system has
high sensivity (0.01 ppm} and fast response
(1 sec.), enabling rapid in situ guantification
of emissions using both closed and open
chamber technigues. Natural methane emissions
have been studied in several habitats and over
a wide range of environmental conditions in the
Great Dismal Swamp, Virginia. Primary factors
contributing to variations in methane emission
rates were soil temperature and episodic soil
disturbance.

Our results suggest that a reassessment of
the importance of wetlands as a global source
of tropospheric methane is necessary. Previous
estimates of annual methane emission rates for
natural waterlogged organic soils may be 1-3
orders of magnitude too high.

M 21

CONTINUOUS MONITORING OF ULTRA-TRACE
CONSTITUENTS IN AIR NEAR GROUND LEVEL
USING APCI MASS SPECTROMETRY

J.A. Buckley, N.M. Reid, D.A. lLane
SCIEXINC., 55 Glencameron Road,
Thornhill, Ontario, Canada)
J.B. French (University of Toronto,
Institute for Aerospace Studies,
Toronto, Ontario, Canada)

Methodology and results are given for
continuous monitoring of trace consti-
tuents in urban or rural air using a.
mobile atmespheric.pressure chemical
jonization mass spectrometer system.
Traces common to urban air are shown in
both positive and negative ion spectra,
e.g. NH3z, SOy, NOy, alcohols, aromatic
aldehydes, ketones, aromatic esters,
phenols, substituted benzenes, halides
-such as C1, HC1, HF, carboxylic acids.
Comparisons of urban air from widely
separated geographic sites are given.
Detectability limits for specific com-
pounds lie in the range .00l to-1000 ppb.
Selective ionization by CI reagent gas
addition is used, for example, to sepa-
rate HpSO4 and S02 in the mass spectrum.

The methodology is applicable to con-
tinuous monitoring of diurnal, seasonal
or geographic variations, assessment of
polluted atmospheres, or to laboratory
studies of atmospheric ion chemistry.

M 22
ION-INDUCED GAS-TO-PARTICLE REACTIONS

C.M. Banic (University of Toronto, Toromto,
Ont. M58 1A7)

G.L. Diamond

J.V.Iribarne

The influence of ions on homogeneous hetero-
molecular nucleation has been studied in several
systems.

1. Nucleation of NH4Cl from NH, + HCl occurs
according to theory in the absence of ions or
radicals. Hp0 does not enter the embryo formation
reaction, but acts as a catalyst. Introduction
of ions or radicals 'to the reactants increases
nucleation rates and reduces the thresholds.

In these cases the shape of the nucleation
curves indicates a changed reaction mechanism.
Negative ions are the most efficient at produ—
cing particles, and the particles so formed are
charged. .

2. Nucleation from SOy + H90 occurs only in
the presence of ions. Positive ions are slightly
more efficient. than negative; radicals do not
have an effect. Nucleation rates increase with
80, concentration to a plateau and increase
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strongly with Hy0 concentration. The nucleation
curves do not change with 0, concentrations
varying from a few ppm to 20%, indicating that
oxygen does not enter the nucleation reaction.
The mechanism of oxidation to H2504 is not yet
understood. Ions are efficient even when intro-
duced as stable "terminal ions" such as

S04~ (Hp0)p. The particles are uncharged and
appear to acquire a stable equilibrium size.

3. Nucleation curves from 50 + NH3 + H;0
have also been determined for positive and nega-
tive jions and varying humidities.

Comparison of results 1. and 2. points to
two entirely different types of ion action.

Ion clusters appearing with varying ageing
times (10 microseconds and higher) in these
systems are being studied by mass spectroscopy.

M 23

TIME TREND ANALYSIS OF TOTAL OZONE
MEASUREMENTS

D. S. St. John (Petrochemicals Dept.
E, I. du Pont de Nemours & Co.,
Wilmington, DE 19898)

{Sponsor: Adair C. Barlow)

Time trend analysis. of monthly
average total ozone measurements
through 1978 show no depletion con-
sistent with that hypothesized as
due to chlorofluoromethanes (CFM's).
The methodology and quality of the
data are such that a depletion half
as large as the 1.6% calculated by
current chemical models would almost
surely have been detected.

The 14 Dobson stations with
records from 1958 through 1978 show
(+0.06 £ 0.9)% (20). . Nineteen
other stations with shorter records
show (-0.44 * 1.7)%. The larger
uncertainty shows that random
fluctuations are more easily mis-
interpreted as trends in shorter
data sets. These 20 limits
include all uncertainties
uncorrelated from station-to-
station.

The insensitivity of the
results to details of the statis-
tical method and the ability to
detect a small trend had one been
present are illustrated.

‘Either the calculated ozone
depletion from CFM's is in error,
or actual depletion has been can-
celled by some other effect of
similar magnitude but opposite
sign.

M 24

THE TUNGUSKA METEOR FALL: EFFECTS ON QZONE AND
ATMOSPHERIC OPACITY

R. C. Whitten

0. B. Toon

C. Park (All at NASA Ames Regearch Center,
Moffett Field, CA 94035)

R. P. Turco (R & D Associates, Marina del Rey,
CA  90291)

In June 1908, a huge meteor plunged Earthward
over Siberia and exploded high in the tropo-
sphere. We estimate that the Tunguska meteor
fall generated as much as 6 x 1035 NO molecules
between 10 and 60 km, and may have released
5 x 1034 Hy0 molecules. The stratospheric NOyx
injection caused by thé Tunguska meteor was at
least ten times larger than that attributed to
the 1961-62 U.S.-U.5.5.R. nuclear test series.
Thus, the Tunguska event represents the largest
impulsive NOy perturbation of the stratosphere
ever recorded by man.

We have utilized our one-dimensional atmos—
pheric photochemical model to calculate the
time~dependent 03 and NO2 variations likely to
have accompanied the Tunguska fall. We compare
predicted NOp opacity variations with atmos-
pheric opacity changes measured in 1908. Other
unusual atmospheric phenomena, such as the in—
tense nightglow which persisted over Europe for
several weeks following the event, are discussed
in view of the massive photochemical disturbance.
We also consider the possible weather conse-
quences of large meteor events that might be
inferred from the Tunguska fall.

M 25

STRATOSPHERIC HYDROXYL RADICAL CONCENTRATIONS:
NEW LIMITATIONS SUGGESTED BY OBSERVATIONS OF
STRATOSPHERIC SULFUR GASES AND SULFATE AEROSOLS

R. P. Turco (R & D Associates, Marina del Rey,

CA  90291)

R. C. Whitten

0. B. Toon

E. C. Y. Inn (All at NASA Ames Research Center,
Moffett Field, CA 94035)

P. Hamill (Systems and Applied Sciences Corp.,
Hampton, VA 23666)

We have analyzed recent measurements of strato-—
spheric 807 and OCS abundances and deduced new
limits for OH concentrations below 30 km. In our
study, we utilized a detailed sulfate aerosol
model to calculate the sensitivity of gaseous
and particulate sulfur distributions to OH abum-
dances, 'eddy' diffusion coefficients and several
other key model parameters. We conclude that
current model predictions of OH concentrations
are overestimated by a factor of 3 or more below
30 km. We show that simulated HNO3/NO2 concen—
tration ratios and C10 mixing ratios can be
brought into reasonable agreement with observa-
tions when lower OH concentrations are adopted.
Some recent indirect trepospheric CH measurements
also suggest smaller OH abundances in the lower
atmosphere. Lower OH may be partly explained by
pressure, temperature and humidity semsitive HOy
reaction rate coefficients, which lead to more
efficient recombination of HOx radicals in the
stratosphere. Recent laboratory kinetics studies
by W.B. DeMore, B.A. Thrush and others support
this hypothesis.

We have recomputed the czone perturbations
caused by S8Ts, N20 and CFMs with reduced OH
concentrations. Considering a fleet of 500 ad~
vanced $STs, we find a 3% ozone column decrease
with lower OH, compared to a 3% increase pre~

dicted with a 'recommended' photochemical dataset.

For a doubling of N0 we calculate an 8% ozone
reduction where previously we calculated a zero
net change. For CFMs, the steady-state ozone
depletion corresponding to 1975 fluorocarbon
release rates is 11%, down from 16% predicted
earlier.

M 26

STRATOSPHERIC MEASUREMENT OF HC1l AND HF

H.L. BUIJS, (Bomem Inc., 910 Place Du-
four, Vanier, P.Q. GLlM 3Bl, Canada)

D.J.W. KENDALL, G.L. VAIL and J.-N,
BERUBE

A high-resolution interferometric
spectrophotometer carried aloft during
a recent balloon flight from Alamagordo,
Hew Mexico has observed the solar in-~
frared absorption spectrum in the wave-
length regions where the fundamental
vibration-rotation bands of HCl and_EF
are located (approximately 3000 cm~1
and 4000 cm~l respectively). Reduction
of the spectral data has permitted
volume mixing ratio profiles of both
species to be determined from 17.5 to
38 km, The results will be compared
with other recent detexminations.

M 27

REACTIVITY OF STRATOSPHERIC AEROSOLS IN
LABORATORY ENVIRONMENTS

D. M. Hayes (LFE Corporation, Environmental
Analysis Laboratories, Richmond, CA 94804)

Kenneth G. Snetsinger

Guy V. Ferry

Verne R. Oberbeck

Neil H. Farlow (All of NASA Ames Research Center,
Moffett Field, CA 94035)

For the past 20 years investigators have iden-
tified crystals of (NH,),SO, and (NH,),S,0, in
stratospheric aerosols afialyzed in the"labora-
tory. A few researchers have suggested that if
the aerosol is sulfuric aeid, the droplets might
be reacting with traces of ammonia in room air
to form the sulfate crystals. Others, however,
have discounted this as a mipor effect. After
extensive testing using a protective atmosphere
of purified argon, we have discovered that sul-
furic acid aerosols are extremely reactive to
traces of ammonia in our environment.

Therefore, to determine if stratospheric aero-
sols might similarly react, we built a new air-
borne sampler and associated laboratory equipment
that protects the particles with purified argon
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immediately after collection until final analysis.
Using these elaborate procedures, we find that
aerosols we collect from the stratosphere. do not
contain sulfate crystals. When we expose these
samples for an hour or so in the laboratory air,
however, the fluid droplets convert to (NH,) SO4
and (NH,),S 08' These findings cast doubt ofi the
previous detection of crystalline sulfate in any
unprotected sulfuric acid samples. We are con-
tinuing to collect stratospheric particles.pro-
cessed with argon to determine if the absence of
sulfate crystals is typical for all seasons and
locations.

M 28

THE METEORITIC COMPONENT OF STRATOSPHERIC
AEROSOLS

P. Hamill (Systems and Applied Sciences Corp.,
Hampton, VA 23666)

R. P. Turco, (R & D Associates, Marina del Rey,
CA 90291) ’

0. B. Toon

R. C. Whitten (both at NASA Ames Research Center,
Moffett Field, CA 94035)

Meteoric dust and vapors countribute to the
composition of stratospheric aerosols. Using
a one-dimensional photochemical/microphysical
model of atmospheric gases and particles up to
110 km, we Have made detailed calculations of
the composition of stratospheric aerasol par-—
ticles in the size range from 0.001 um to 3.0
um. Meteoric 'smoke' particles dominate the
aerosols smaller than 0.1 uym above 20 km, while
micrometeorites are the predominant matural par-—
ticles larger than 1 um azbove the tropopause.
Meteoric metals react with, and neutralize,
sulfuric acid vapor, altering the H80; height
distribution. We discuss the effects of mete-
oric materials on aerosol properties and on
H2504 concentrations. We present estimates of
the particulate surface area, and the surface
characteristics, available for heterogeneous
reactions in the stratosphere. We compare model
predictions with a variety of observational data.

Analysis and Weather
Forecasting

Pier2&3

Saturday A.M.

G. A. McPherson (Atmo-
spheric Environment Ser-
vice), Presiding
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THE EDDY KINETIC ENERGY SPECTRUM IMPLICIT
IN A STATISTICAL MODEL FOR GEOPOTENTIAL.
IMPLICATIONS FOR WEATHER FORECASTING.

H.J. Thiebaux, Department of Mathematics,
DaThousie University, Halifax, N.S.
B3H 4H8

Statistical models for the geopot-
ential field which have been used to
derive spatial lag-correlation functions
(LCFs) for objective analysis have
implications for the eddy kinetic energy
spectrum which influence the distribution
of energy in analysed fields. This paper
establishes correspondences between the
parameterization of LCFs and spectral pro-
perties of the geostrophic wind field,
for spatially coherent statistical rep-
resentations. The results are considered
in light of recent studies indicating
that general circulation models of the
atmosphere suffer from systematic Toss
of kinetic energy which is most pron-
ounced during the initialization process
and the early stages of a forecast cycle.
The similarity of the isobaric KE spectrum
derived from a two-dimensional second-
order autoregressive model for the
height field to spectral estimates in
current 1iterature, as well as the close
fit of the corresponding LCF to observed
correlations, suggest that use of this
statistical representation in the



objective analysis of data assimilation
could retain important features of
atmospheric energy distributions in
initializations.
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APPLICATION OF SEASAT WIND DATA FOR OPERATIONAL
WEATHER FORECASTING

Appleby, W.A. (AES, Downsview, Ont., M3H 5T4)
Chu, L.

Haering, P.

Overland, dJ.

Peteherych, S.

Spagnol, J.

Woiceshyn, P.

(Sponsor: Clive Jarvis, CMOS)

An experiment was conducted to test the
impact of Seasat scatterometer data on a
surface pressure analysis. Six Seasat passes
of f the west coast of Canada and the U.S.A. -
Sept. 1978 - were chosen for the experiment.
Surface pressure analyses using Seasat wind
data were compared with surface pressure
analyses produced, using conventional data, at
the time of the Seasat overpass. In both
cases the analysis was done manually.

The addition of Seasat wind data resuited in
significant changes in the surface analysis.
Placement .of important meteorological features
such as lows, highs, troughs, ridges and
fronts was improved. It allowed for the more
accurate determination of pressure gradients
which also permitted a finer resolution
analysis (i.e., 2 m bar contours instead of
4 m bar). Colls were easily identified and
often small scale eddies and circulations were
revealed.

Even where there was little change in the
surface analysis by the input of SASS data,
the degree of certainty in the final analysis
was increased. There appeared to be no time
penalty in performing the analysis with Seasat
wind data.
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EXPERIMENTS IN REGIONAL OBJECTIVE ANALYSIS
FOR OPERATIONAL USE

A. Maarouf and L. J. Wilson
Atmospheric Environment Service, Downsview, Ont.
(Sponsor: E.C. Jarvis)

An objective analysis technique using
second-degree orthogonal polynomials in two
or three dimensions is described. The princi-
pal advantages of the technique are its capa-
bility of operating without an initial guess
field and the feasibility of implementing it
on existing minicomputers in regional weather
offices. Tests of the method indicated that
the second-degree polynomial representation
yielded acceptable objective analyses. A few
analyses of derived meteorological parameters
are presented to demonstrate the utility of
the method for diagnosis of atmospheric con-
ditions, especially those prior to severe
storm occurrences.
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RECENT WORK ON A REGIONAL GRID-POINT P.E. MODEL

David Davies (Atmospheric Environment Service,
2121 Trans-Canade, Dorval, Quebec  H9P 1J3)

The time-dependent boundary conditions have
been completely revised to eliminate boundary
noise and pillow effects. In the new procedure,
time-dependent values of height, normal wind
component, vorticity, surface pressure and dew
point depression are provided along the
boundaries by the operational spectral model.
Outflow is ellowed for thickness, vorticity,
dew point depression and surface pressure, but
not for the normal wind component, Many of the
previously existing problems arose from doing
extrapolations of the wind fields outside the
grid to evaluate the cross-boundary components
of the horizontal advection terms in the
momentum equation. The extrapcdlations are
avolded in ‘the new procedure by specifying a
divergence value for use in the evaluation of
these advection terms only. "This specified
divergence vslue is currently taken to be zero,
but it may be preferable to add the divergence
to the list of time-dependent quantities passed
from the driving model.

A 5-level version of the model with the new
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boundary procedures has been integrated quasi-
operationally %o 2l hours with a 127 km grid
over North America for sbout a year, and gives
forecasts which are generally equal in quality
to.the spectral model at low levels in the
centre of the grid, The S5-level grid-point
model usually out-performs the spectral model
on small low centres with & simple structure,
but will give poorer forecasts when the wrong
branching evolution is predicted in branch-
point situations which arise in association
with complex flow structures,

Some 10-level integrations have been carried
out, and these give forecasts which are much
better than their 5-level counterparts at high
levels, bubt only slightly better at low levels.
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R. Gabison, Author (MSRB, Atmospheric Environ-
ment Service, 4905 Dufferin St., Downsview,

Ontario, Canada.}

B. DelLorenzis, Author, (MSRB, Atmospheric
Environment Service, 4905 Dufferin St.,
Downsview, Ontario, Canada).

A MESOSCALE NUMERICAL MODEL FOR THE PRE-
DICTION OF LAKE-INDUCED SNOW-SQUALLS AND
APPLICABLE TO THE HP 1000 MINICOMPUTER

by R. Gabison

MSRB, Atmospheric Environment Service, Canada
B. Delorenzis

MSRB, Atmospheric Environment Service, Canada

Abstract

In this nested-grid mesoscale model, hourly
predicted values of temperature, moisture and
heights obtained from a larger-scale NWP model
(127 km) are first interpolated to the meso-
scale mesh of 31.75 kms and subsequently modi-
fied hourly by thermal and moisture advection
by heat and moisture flux-divergence and by
topographical effects.

Hourly snowfall rates from the mesoscale
model are summed over the 24 hour period and
compared with those observed at synoptic sta-
tions in the Ontario snow-belt where the model
has been extensively tested.

Effects of lake freeze-up on the predicted
snowfall are shown to be compatible with those
observed climatologically.

The model requires only 44000 octals (18 K)
of memory storage and 8 - 12 minutes execution
time for a 24 hour prediction on the HP 1000
Minicomputer in use at Canadian Regional
Weather Uffices.
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THE USE OF MULTILINEAR REGRESSION
TECHNIQUES TO OBTAIN AN OBJECTIVE
SURFACE WIND FORECAST

K. H. JONES (PRAIRIE WEATHER CENTRE,
WINNIPEG, MAN., R3C 3V4)

Surface and upper air data for
Winnipeg from 1973 to 1977 were
used in a step-wise multiple linear
regression technique to develop eg-
uations for predicting surface wind .
The equations are of the general
forms

¥ = a, +a k) ae t Pk

The dependent variables used were
the two wind components U and V and
the wind speed S. A second esti-
mate of wind was also obtained from
the two components. The independent
variables consisted of around 50
various upper air data at 12Z and
00Z.

Equations were developed for 12Z,
182, 00Z and 06%Z for each season of
the year. Most equations contained
6 variables with the number of in-
dependent variables ranging from 4
to 8. The spectral model was used
for input of the independent data
(perfect prog technique)} when the
model was tested operationally. The
regression equations have been run-
ning operationally since Oct. 79.
Goadresults have been obtained from
the verification of 6 months of
independent data from Sept/79 to
Feb/80.

This page may be freely copied
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VISIBILITY ESTIMATES FOR THE OPEN OCEAN
SUMMER SEASON USING MODEL OUTPUT STATISTICS

P. G. Yavorsky (Dept. of Meteorology, Naval
Postgraduate School, Monterey, CA 93940)
W. T. Aldinger, Jr. (Naval Western Oceanogr.
Center, Box 113, Pearl Harbor, HI 96860)

R. J. Renard and

W. van der Bijl (Dept. of Meteorology, Naval
Postgraduate School, Monterey, CA 93940)

(Sponsor: Olivera Haney)

Continuing experiments using a model output
statistics scheme to specify horizontal visi-
bility over the open ocean by a stepwise mul-
tiple linear regression program is described.
The visibility predictand is defined various-—
1y as a function of the ten synoptically-re—
ported visibility codes, in both probability
and categorical modes. The predictors are
mostly continuous analysis and prognosis
numerical parameters, available twice daily
(0000 and -1200 GMI) from Fleet Numerical
Oceanography Center,. Monterey, CA. The
dependent data for the diagnostic runs are
represented by over 9000 0000 GMT surface
ship synoptic observations from the North
Pacific Ocean (30-60N) June 1976 and 1977.
June 1979 data from the same area are used
for the independent check of the diagnostic
equations, as well as providing data for
developing 24— and 48-hr prognostic estimates.
Parameters contributing significantly to the
explained variance of the predictand are
sensible and evaporative heat fluxes, rela-
tive humidity, sea-level pressure and meri-
dional wind speed. Categorical estimates
of visibility are verified on both the de-
pendent and independent data sets by percent
correct and Heidke Skill scores. Other
facets of the problem will be discussed as
time allows.
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FORECASTING CLOUD AMOUNTS USING
MULTILINEAR REGRESSION TECHNIQUES

G. D. MACHNEE (PRAIRIE WEATEER CENTRE,
WINNIPEG, MAN., R3C 3V4)

Using surface and upper air data
for Winnipeg from 1973 to 1977 lin-
ear regression eguations of the gen—
eral form:

Using 6 hour averages of cloud am-
ount as the dependent variable and
up to 50 various independent var-
iables consisting of surface and
upper air data considered, equations
were written for 1200Z and 0000z
for all months of the year. The
correlations vary for different
months of the year. Winter months
were found to have lower correla-
tion coefficients than summer months.
Two sets of equations were written,
one to use numerical forecasts from
LFM and the other set to use Spectral
Model forecasts. Persistence was
also considered. Verification was
done using LFM forecasts and will
also be done using Spectral fore-
casts.
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FORECASTING CLOUDINESS USING
MULTIPLE DISCRIMINANT ANALYSIS

R. D. HOLDHAM (PRAIRIE WEATHER CENTRE,
WINNTPEG, MAN., R3C 3v4)

A statistical approach was applied
to the problem of forecasting mean
cloudiness in four six hour per-
iods of the day. Data for three
winter months was grouped into
cloudy (greater than 5/10ths) and
not cloudy (less than 6/10ths)
through these periods, and Mul-
tiple Discriminant Analysis was
used to generate the joint prob-
abilities that the’independent
variables were associated with one
group or the other. Selecting vax-
iables was done on a partly subjec-
tive, partly objective basis. Re-
sults are incomplete as yet but the
procedure has been tested on fore-
cast values of the predictors and
on an independent set of data.
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AN OPERATIONAL EVALUATION OF PROBABILITY OF
PRECIPITATION AMOUNT FORECASTS GENERATED FROM
STATISTICAL AND ANALOGUE TECHNIQUES

T. Agnew, Forecast Research Division, Atmos-
pheric Environment Service, Downsview, Ontario,
Canada, M3H 5T4

J. Alexander, Ontario Weather Centre, Atmos-
pheric Environment Service, Toronto Inter-
national Airport, Ontario,:.Canada

An extensive evaluation of probability of
precipitation amount forecasts is currently be-
ing carried out at the Ontario Weather Office in
Toronto, Canada. Three different techniques to
produce these probabilities are compared. These
techniques are Regression Estimate of Event Pro-
babilities (REEP), Multiple Discriminant Analy-
ses (MDA) and an Analogue technique. A wide
variety of scores are generated to determine the
differences in the techniques and to try to
evaluate which is most suitable in an operatio-
nal decision making environment.

The techniques are applied in a perfect prog
manner so that quality of the produce is sensi-
tive to errors in the forecast fields. The sta-
tistical techniques are developed from a 10 year
dependent sample of observations, analysis anq
derived fields. The predictand is precipitation
amount in four categories over a 12 hour period.
The analogue technique uses a 24 year database
of NCAR analysis at 1000 and 500 mb. For each
forecast period, the 20 best correlations to the
current progs are determined. The frequency of
precipitation amount for those 20 cases at a
particular station determines the probability
for each category.

The product is used in the office as gui-
dance material by the forecasters as well as for
specialized forestry and agriculture forecasts.
Preliminary results indicate that REEP and MDA
are superior to Analogue. In general, MDA is
sharper than REEP in the probabilities that it
generates. Although this tends to produce a lar-
ger error if the forecast model is in error, the
probabilities are better for decision making.
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VERIFICATION OF CEILING AND VISIBILITY
FORECASTS =~ AN ALTERNATIVE TO THE

RANKED PROBABILITY SCORE APPROACH

P, Dubreuil (Atmospheric Environment Service
St-laurent, Quebec, Canada, HA4M 2N8)

An aviation terminal forecast verification

scheme is proposed that considers the terms
variable (VRBL) and occasional (OCNL) in the
forecasts as their definition suggests: an
occurrence for a portion of the total fore-
cast period, rather than as a probability of
occurrence at any time, as assumed by the
ranked probability score (RPS) approach,
The term RISK, also according to its defini-
tion, is considered as a probability of oc-
currence of ‘less than 50% without specifying
a preclse persentage,

The method can assess the accuracy and the
precision of a forecast independently, with
scores that have a straightforward interpre-
tation, A useful feedback to operational
forecasters is possible because the meaning
of the forecast is not modified in any way,
and because the scores can be easily inter-
preted without any external reference, such
as climatology or persistence,

Finally, a method is proposed to compen-
sate for the great variations in the clima-
tological frequencies of the different
ceiling-visibility classes chosen to repre-
sent user needs, Without this compensation,
mean scores are blased towards the most
frequently observed class, which happens
4o be the easiest to forecast but the less
significant to the user,

Thunderstorms,
Lightning & Cloud
Physics

Pier2& 3

Saturday P.M. ,

W. F. Hitschfeld (McGill
+ Univ.), Presiding
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FURTHER STUDIES OF THUNBERSTORM
FORMAT[ON AREAS IN ALBERTA

F.E. ROBITAILLE, ASD, ALBERTA RESEARCH COUNCIL

Observational studies of the lTow-level flow
associated with convective clouds southwest of
Rocky Mountain House, started in 1978, were
continued in 1979. These studies were conducted
as part of the Alberta Hail Project and included
measurements by the University of Wyoming Queen
Air aircraft and a network of pilot balloon and
rawinsonde stations.

Analysis of 1978 data are presented to
suggest that towering cumulus clouds were rooted
in the lowest 100 m of the atmosphere.

Two days of observation in July 1979 are
discussed. The characteristics of 20 July, a
day with cumulonimbus activity in the study area,
are compared with those of 25 July, a day with
weak conpection in the study area.
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THE DYNAMIC EFFECT OF CONVECTLON IN THE
TROPICAL ATMOSPHERE

Mary Ann Jenkins (Dept. of Physics,
University of Toronto, Toronto, Ontario,
Canada)

Han-Ru Cho

A formulation to represent the effects
of cumulus clouds on the large scale vort-
icity equation in terms of the properties
of the cumulus cloud ensemble is proposed.
The processes of cumulus convection which
modify the large-scale vorticity field are

‘vertical advection of mean vorticity, twist-

ing of vorticity, and the divergence of
horizontal eddy vorticity flux created by
cumulus clouds. All three processes are
included in a representation formulation
to complete the theory of cloud parama-
terization.

Upper air and surface data from the
GARP Atlantic Tropical Experiment (GATE)
are used to examine the interaction bet—
ween the synoptic scale motion and the
convective scale activity. Heat, moisture
and potential vorticity budgets observed
during Phase III of GATE are presented.
The diagnosed ensemble mean cloud pro-
perties are also presented. Vorticity
budgets are discussed and apparent
vorticity sources predicted from theory
are compared with observations. .The
agreement between the theoretically
predicted apparent vorticity sources
and the observed cloud effects for the
analyzed periods is good and these results
appear to confirm the validity of this
Tepresentation theory.
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THE EFFECT OF THE C.N. TOWER ON
LOCAL LIGHTNING CLIMATOLOGY

W. Janischewskyj, (University of Toronto,
Toronto, Ontaric, M5S 1A4)

Jen-Shih Chang (McMaster University, Hamilton,
Ontario, 18S 4M1)

H. Linck, (Georgetown, Ontario, L7G 3R9)

T.R. McComb, (National Research Council of
Canada, Ottawa, Ontario, K1A OR8)

Rising to a height of 553 m above ground
level (AGL) the C.N. Communications Tower in
Toronto is the highest free-standirg structure in
the worid and offers a unigue opportunity to
evaluate the effect of tall structures on tocal
Tightning climatology. Lightning flashes to the
tower, and to open country in S.W. Ontario, have
been videotaped and cumulative probability dis-
tributions for the temporal characteristics of
flashes from each group are presented. These
distributions show that in the flashes to the
tower there are more long duration flashes, more
flashes with five or more strokes, and more
short inter-stroke intervals than in flashes to
open country. Electric field measurements have
been made using a radio-active probe mounted on
the roof of the sky pod of the tower at a height
of 365 m AGL.  The correlation between the
measured field profile and thunderstorm activity
is being investigated. A network of lightning
flash counters has been set up in the Toronto
area and measurements are being made of the
ground flash density in the area surrounding the
Tower. A short film (2 min.) of Tightning
flashes to the C.N. Tower will be shown.
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THE RELATIONSHIP BETWEEN LIGHTNING FREQUENCY
IN SOUTHERN ONTARIO AND SOLAR SECTOR
BOUNDARY CROSSING

Jen Shih Chang (Dept. Engineering Physics,
McMaster University, Hamilton, Canada L8S 4M1)
R. Blais (Hydro Quebec Research Institute

JoL 2P0)

C. L. Crozier (Atmospheric Environment Service,
Toronto, Canada M3H 5T4)

W. Janischewskj

H. Link

G. Stamoulis (Department of Electrical Engine-
ering, University of Toronto, Toronto, Ontario)
G. G. Shepherd(CRESS, York University, Toronto,
Canada M3J 1P3)

The frequency of lightning flashes in
southern Ontario, as a function of time with
respect to solar magnetic sector boundary
corssings is presented for 1978-79. The daily
number of Tightning flashes was measured with
an Ontario Hydro type lightning flash counter,
a Hydro-Quebec goniometric lightning flash de-
tector, and a Q-Tech Tightning flash courter
at the Woodbridge AES site (N43°47.6',W79°33.7')
near Toronto. For the 1978 summer the Tight-
ning frequency is lower by a factor of 2-3
during a positive sector (magnetic field di-
rected away from the sun) as compared with a
negative sector. For the 1979 summer the lower
]jghtning frequency during the whole obser-
ving period makes this effect less evident,
but for both summers there is a depression in
lightning frequency for 1-3 days on the posi-
tive side of the boundary crossing. Thus al-
though observations were made for only 7.5
months, the data strongly indicate a sector
boundary influence on Tocal lightning flash
frequency.
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A MODEL TO PREDICT ELECTROMAGNETIC FIELDS
FROM LIGHTNING RETURN STROLES

R. L. Gardner (Department of Physics and
Cooperative Institute for Research in
Environmental Sciences, University of
Colorado, Boulder, CO S0309)

¥hen measured waveforms from transients dueto
lightning return stroke electromagnetic fields
are presented in the literature the data are
frequently normalized to a particular distance.
The assumption used in the literature (e. g.,
¢, T. Lin, PhD Thesis, Univ. of Florida, 1978)
is that the remaining variation in the wave-
forms is due to variations in the lightning
return stroke current. It is shown in this
paper that this assumption does not adequately
separate propagation and source effects. This
incomplete separation is because a wave prop-
agating over the earth is more severely attenu-
ated with distance than a wave propagating over
a perfectly conducting plane as calculated by,
for example, LevVine and Meneghini (J. Geophys.
Res., S3, 2377, 1978). The additional attenu-
ation for frequencies below about 100 Hz is due
to waveguide effects of the earth-ionospheric
waveguide, Additional attenuation above about
10 kHz is caused by imperfectly conducting
earth effects,

A theoretical model is presented here that,
for frequencies above lkHz treats the earth
as a homogeneous half-space (J. R, Wait, Elec-
tromagnetic Waves in Stratified Medja, Perg-
amon, 1970) @nd the anisotropic lonosphere
using a single bounce treatment (J, R, Wait,
Proc. I. R. E., 50, 1623, 1962), Below 1kiiz
the model calculates the fields using wavegulde
techniques (Yait, 1970). An attenuation func-
tion is presented which can be used to remove
the added propagation path attenuation { in
addition to 1/r) from data so that effects of
the source variations may be studied more eas-
ily. The attenuation function is shown to vary
somewhat with source model details, Therefore,
a different attenuation function may required
for a vertical stroke than for a cloud-to-
cloud discharge, The results for the model
predictions are shown to agree with the data
of Uman, et. al, (Radio Science, 11, 985, 1976).
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HAILPAD WIND MEASUREMENTS
AND HAILFALL SAMPLING ERRORS

G.S. Strong (Alberta Hail Project, Red Deer,
Alberta
E.P. Lozowski {Department of Geography,

University of Alberta, Edmonton, Alberta)

Two distinct but related problems are dis-
cussed in connection with using hailpads to



measure fine scale variations in hailfall. A
simple semi-objective method of measuring
mean wind speed during hailfall using only a
hailpad is described. Subsequent data shows
the existence of windecores, a fine scale
horizontal pattern of wind speeds with varia-
bility on a scale of hundreds of meters,
similar and related to that of the hailfall.
While attempting to obtain better estimates
of hailpad sampling errors, extremely fine
patterns of hailfall on a scale of a few
meters were initially analyzed; these have
been tentatively called hailspots. Monte
Carlo experiments failed to disprove the
existence of hailspots solely on the basis
of stochastic sampling errors.
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EFFECT OF ROTATION ON THE ICING OF
CYLINDERS AND ITS IMPLICATIONS FOR
HATLSTONE GROWTH

G. B, Lesins (Dept, of Physics, University
of Toronto, Toronto, Ontario)
P. I. Joe
R, List
Rotating cylinders were iced in a closed
circuit wind tunnel over a temperature range
of =2°C to -1 8°C, a liquid water content
range of 2 gn? to 30 gu >

velocity of 18 ms_1. The net collection

and at an air

etficiency, ice fraction and total mass
growth rate were measured for rotational
frequencies of 0,5 Hz to 35 Hz, These
measurements showed a significant and
complex variation of the growth parameters
ag a function of the rotation, It is
believed that hailstones growing in a
thunderstorm have similar rotation speeds
and hence rotation effects may significantly
alter the growth rate,
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THE PRODUCTIONM OF RAIN SIZED
DROES BY THE IGE AJ3IETIAN PHOCESS
P.I, Joe (Dept., of Physics,
University of Toronto,

Toronto, Ontario)

G, B, Lesins

R, List

Teing experiments were perfofmed
to investigate the loss of collected
water from a slowly rotating cylinder
(0.5 Hz), The losses resulted in the
production of rain sized drops. . The
srectrum of the shed dropns were
measured =2s a function of temverature
(-5°C to -189C) 2nd liquid water
content (9 m™> to 40 gm'B) and showed
a peak at about 1 mm, The exveriments
.demonstrates one more link between
the growth of hail and the production
of rain,
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AEROSOL CONCENTRATIONS AND RELATED ICE
NUCLEATION ACTIVITY: TENT STUDIES

(Both at Atmospheric Physics &
Chemistry Laboratory, NOAA,
R-31, Boulder, CO 80303)

Samples of surface soils, decayed plant
litters, kaolin, and jice nucleation active bac-
teria were puff aexosolized into a 2.75-m3 my~
lar tent and then analyzed for particle size
distribution and ice nucleation activity over
periods ranging up to 12 hours. The aerosol
size distributions were measured with overlap-
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ping Particle Measuring Systems FSSP and ASSAP
probes over a particle diameter range from 0.09
ym to 45 um., - Ice nucleus concentrations were
determined by using a combined membrane filter-
drop freezing technique. Analysis shows that
appreciable amounts of aerosolized material
were suspended in the tent up to 5 hours after
aerosolization. The largest masses of soil and
vegetation aerosols were observed in the 0.1
ym to 0.8 um particle diameter range with the
greatest mass of the bacteria aerosols in the
0.8 ym to 1.2 pm diameter range. Aerosols were
observed. to be active at about the same initial
freezing nucleus temperature (varying from
-2.5°C to -12°C) as were the bulk samples of
the same material tested with the drop freezing
technique. Ice nucleation activity at tempera—
tures warmer than -10°C to —-12°C could be mea-
sured for periods of up to 4-5 hours after
aerosolization for most soil and vegetation
aerosols. ‘Scanning electron microscope studies
indicated that longer suspended particles con-
sisted mainly of fibrous or spongy organic ma-
terial or were bacteria.
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EFFECTS ON AIR QUALITY AND CLOUD MICROPHYSICS
OF A COAL-FIRED POWER PLANT

R.F. Pueschel {All with Air Resources Labora-
E.W. Barrett tories, NOAA, Boulder, CO
D.L. Wellman 80303)

J.A. McGuire

An instrumented aircraft was used to measure
in situ atmospheric composition, and aerosol
and cloud drop size distributions inside broken
stratocumulus clouds in the vicinity of the
Homer City, PA coal-fired power plant. On the
average, increases in the concentration of NO
by a factor of 50, of NO, by five, SO, by 80,
condensation nuclei by 20, and of the light
scattering coefficient by two, and a decrease
of ozone by four were observed in the clouds
downwind of the power plant. The power plant
operation also affects the aerosol and cloud
drop size spectra, represented by genmeralized
gamma distributioms. The fine particle modal
radius is decreased from 0.05 to 0.02 um, and
their number concentration per cm3 is increased
from 2,000 to over ten million.. The haze par-
ticle modal radius at 0.6 um and their concen-
tration of 200/cm?® are little influenced by the
power plant operation. Important for evaluat—
ing the inadvertent weather modification poten—
tial of coal-fired power plant operations are
the findings of an increase downwind of the
Homer City plant of the mean' cloud drop modal
radius from 3.0 to 4.0 uym and of the mean
liquid water content from 0.0l to 0.02 grams
per cubic meter, which are statistically sig-
nificant at the 5 and 10 percent confidence
levels, respectively.
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WATER QUALLTY AND ICE NUCLEUS STUDIES

S.W. Miller (Both of NOAA/APCL, R-31,
R.C. Schnell Boulder, CO 80303)

Clean water that would consistently super-—
2ool below —20°C (0.0l-cm3 drops tested with
the Vali drop-freezing technique) was needed
for an ongoing program measuring daily atmos-
pheric ice nucleus concentrations at Boulder,
Colorado (Schnell, 1979). Earlier laboratory
research had shown that tap water distilled and
deionized in a commercial apparatus produced
inconsistent and unreliable first freezing
events varying from -6°C to -18°C, and that
some of this variability could be traced to the
season of the year. During the winter, dis-
tilled tap water produced appreciably fewer
freezing nuclei per unit volume than did spring
and summer tap water from the same source, By
constructing a simple pure glass still and com—
pletely cleaning the unit once per week, it was
possible to consistently produce water with
initial freezing nucleus. activity colder than
-20°C., Filtering this water through Nuclepore
and Millipore filters invariably added freez-
ing nuclei to the water, some with initlal
freezing points as warm as -15°C. Imcreased
ice nucleus activity in the clean distilled
water was traced directly to initial cleanli-
ness of the distilling apparatus and storage
containers, mon-airtight storage of the samples,
and/or contamination of the water during prepa-
ration of the ice nucleation tests. Since
water transfers and nucleation tests were con-
ducted in a positive pressure clean air hood,
the need for careful handling of the components
for ice nucleation tests and for consistent
control checks became evident.
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Schnell, R.C. A new technique for measuring
atmospheric ice nuclei active temperatures
from -20°C to approaching 0°C, with results.
Preprints; Seventh Conference on Inadvertent
and Planned Weather Modificatiom, Oct 8-12,
Banff, Alberta. AMS. Boston, Mass.
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TRACKING CLOUD SEEDING MATERIALS

A.G. Eddy, Amos Eddy, Inc.
318 Royal Oak Drive, Norman, OK 73069
E.R. Reinelt, University of Alberta,
Edmonton T6G 2H4

The conflicting results of numerous
cloud-seeding programs continue to pro-
vide ample scope for controversy. Thisg
is especially true of operational cloud-
seeding evaluations based on simplistic
statistical analyses which fail to take
into account the natural variability of
precipitation. Alternative testing pro-
cedures are clearly required to sort out
the issues.

This paper examines the relationship
of the trajectories of cloud-seeding
materials (released operationally on
seeded days) to the rainfall collected
in gauges located downstream. It is a
follow-up study of an exhaustive sta-
tistical analysis by Eddy et al. (1979)
of rainfall data for North Dakota. Two
hypotheses are to be tested:

(1) Seeding has produced a signi-
ficant increase in the growing
season rainfall.

(2) Seeding has resulted in a
significant change in the nat-
ure of the rainfall by in-
creasing the number of days
with light rainfall.

It is shown how these hypotheses can
be approached on the basis of some 100
sets of trajectories examined for the
1977 growing season.
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A NEW APPROACH TO MODELING FOG OPTYCAL
PROPERTILS

Iouis D, Duncan (US Army Atmospheric Sciences
Laboratory, White Sands Missile Range, NM,
88002)

Richard D. H. Low (Same)

With the advent of satellite and aviation
meteorology, there is often a need to know
the spectral transmission of fogs/clouds in
the visible and the IR windows. Fog drop-
size data collected recently with an ojtical
particle device invariably exhibit a bimodal
(or sometimes multi-modal) distribution in
contrast to the drop-size spectra of a single
mode observed in the past with a mechanical
particlé impactor. Visibility being a rou-
tinely observed quantity, it is proposed that
it be used as the basic parameter to derive
drop-size distributions from which extinction
coefficients (and hence transmission) in the
IR windows can be readily computed,

In a preliminary investigatien, models have
been fitted to the fog data collected at Mep-
pen, FRG, during February and March, 1978,
These models are formulated as the sum of two
gamma distributions, while preserving the
basic characteristics of the observed spectra,
in particular, their bimodal appearance. The
models accept visibility as an input and then
generate a distribution consistent with this
input,

The model requires six parameters to deter-
mine a drop-size distribution, It is shown
that constants can be assigned to two of these
parameters. Algorithms, based on curve fitt-
ing, are developed for computing the other
parameters as a function of visibility. Tables
and graphs are presented to demonstrate the
models' capability to reproduce the features
of the observed drop-size spectra, and then
comparisons are made of liquid water content
and IR extinction derived from measured and
model drop-size distributions,
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SUPERROTATION IN PLANETARY ATMOSPHERES: - A
PIROUETTE .

H. G. Mayr

B. J. Conrath

I. Harris (all at: NASA/Goddard Space Flight
Center, Greenbelt, MD - 20771)

In earlier attempts to understand super-
rotation, the perception of angular momemtum
conservation has been a problem.. Thé reason
for this is, we contend, that the atmospheric
moment of inertia has tacitly (but incorrectly}
been assumed to be invariant. On a planet with
its rotation axis perpendicular to the orbital
plane, the equatorial region is heated pre-
ferentially. The compressible viscous atmos-
phere expands and largé scale motions in the
form of Hadley cells are set up that effectively
transport mass from the equator toward the
poles, closer to the rotation axis. As a
result, the atmosphere's moment of inertia
decreases and its rotation rate must increase
(superrotation} to conserve angular momentum.
On Uranius where the rotation axis is in the
orbital plane, one should observe four seasons
with alternating super- and sub-rotation as the
planet revolves around the Sun. In support
of this interpretation, mechanical analogies
are discussed, one being the spin-up in the
pirouette. Moreover, dimensional amalysis and
results from a self consistent spectral model
are presented to describe thermo-dynamic pro-
cesses (including the moving flame effect)
which lead. to super (or sub) rotation in vis-
cous atmospheres.
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THE GENERATION OF MESOSCALE SURFACE WIND
PATTERNS ON EARTH AND MARS

R. L. Rankin (Arizona State University, Tempe, ™
AL 85281)

A. R. Peterfreund
G. C. Eckerman

Mesoscale surface winds are important to aeo-
lian processes on Earth and Mars. In the ab-
sence of significant synoptic scale weather phe-
nomena these surface winds exhibit regular diur-
nal patterns which depend on spatial and temporal
variations in temperature and temperature deri-
vatives as well as local topography.

Due to the transfer of heat between the ground
and adjacent air, a temperature gradient is
formed in a direction normal to the inclined sur-
face. The differences in the horizontal compo-
nents of these gradients generate an upsiope
wind when the surface is being heated and a
downsTope wind when the surface is being cooled.
A model based on these concepts has been devel-
oped and is used to compare a region of the
Snake River Plain (SRP) in Idaho with the Viking
Lander I site. The two-dimensional model pre-
dicts the average hourly horizontal velocity of
these winds at a height of 10 m, assuming tem-
perature and topographic variations as the gov-
erning parameters,

Data was collected on the SRP during August of
1978 and was used to validate the model on Earth.
For Mars, the Viking Lander data provides a
means of validating the model in the martian en-
vironment. Preliminary computer runs have
generated surface wind fields that show good
cordelation with the SRP data. In addition the
overall flow patterns correspond well with the
observed diurnal variations. Validation of the
model using Mars data is yet to be carried out.
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FINITE AMPLITUDE KELVIN-HELMHOLTZ BILLOWS

G. Klaassen (Dept. of Physics, University of
Toronto, Toronto, Ontario, Canada M5S 1A7)
W.R. Peltier (Dept. of Physics, University
of Toronto, Toronto, Ontario, Canada
M5S 1A7)

The evolution of finite amplitude KH waves
in a stratified shear flow is a strong func-
tion both of the dissipation (as represented
by Reynolds and Prandtl numbers) and of the
initial conditions from which the initial
inviscid instability commences. We will des-
cribe a sequence of time dependent numerical
simulations of wave growth from states with
rather high initial Reynolds number such.as
are appropriate in oceanographic and meteor-
ological applications. When the Prandtl
number is sufficiently high the behaviour
of the billow in the long time limit coxr-
esponds to a nearly sinusoidal limit cycle.
If the initial conditions contain an infini-
tesmal perturbation at a wavelength corres-
ponding to the first spatial subharmonic of
the fastest growing mode of linear theory
then vortex pairing occurs in the late
stages of evolution. Both of these pheno-
mena may be understood in terms of a
weakly non-linear theory.
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STOCHASTIC SIMULATION OF THE DIFFUSION EQUATION
BY TURBULENT LAYERS IN STRATIFIED FLULDS

Edmond M. Dewan (Aeronomy. Division, Air Force
Geophysics Laboratory, Hanscom AFB, MA 01731)

The numerical simulation of the diffusion
equation involves an averaging of the dependent
variable at neighboring points of the discrete
lattice. For example, a typical algorithm for

9 =k 3%y
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is given by ¥(Z, t + At) = l_@ (Z -82, t) +
4 ¥(Z,t) + ¥(Z + 5Z,t) ] where Kat/p2)2 = é

It will be shown that this algorithm could in
principle be simulated by means of a certain se-
quence of patterns of thin, horizontal, tur-
bulent mixing layers which are arranged in a
certain way with respect to the vertical coor-
dinate, Z. Total mixing within the layers is
assumed. In a more realistic stratified fluid,
the turbulent layers would form in a random way.
Nevertheless, it will be demonstrated that they
can simulate the above process in a stochastic
manner. Slides (or digital computer moving
pictures — if available) will be shown to de-
monstrate this effect for several examples.

Stratified turbulence (with total layer
mixing) therefore leads to a new type of dif-
fusion coefficient, K, where

K = al2

Here 12 is average squateAtlayer thickness, At a
characteristic time within which all of Z would
be covered by overlapping layers, and c¢is a
constant of order unity.

Stratospheric and oceanic temperature pro-
files show possible evidence of total mixing
within turbulent layers. This would imply that
the above form for K maz be preferable to the
usual estimate K = E/3N¢ where € is the aver-
age eddy eddy dissipation rate and N is the buoy-
ancy frequency.
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COMPARISON OF ALTERNATIVE PARAMETER SELECTION
METHODOLOGIES FOR THE GAUSSIAN PLUME
ATMOSPHERIC TRANSPORT MODEL

D. E. Fields, S. J. Cotter, and C. W. Miller
HeaTth and Safety Research Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

We have used the DWNWND Gaussian plume com-
puter code to simulate normalized 22.5° sector
average dispersant concentrations at downwind
distances from 400 to 7000 meters distant from
a 51 meter high release point. Model results
were compared to sector average values obtain-
ed in fluorescein release experiments perform-
ed at Hanford, Washington between 1967 and
1973. Dispersion parameterizations used were
Pasquill-Gifford (PG) and Brookhaven (B), and
dispersion parameters o, and o_ were for
atmospheric stability cldsses detérmined from
either temperature gradient (AT/Az) or wind
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direction standard deviation (o,) measure-
ments. Comparisons between expereimental and
simulated values were made as dispersion
parameterization, stability class determina-
tion method, deposition ~velocity v, and
gravitional fall velocity v were %aried.
Agreement was expressed as “the correlation
coefficient r. Values of r ranged from sig-
nificant at the p = 0.01 Tevel to insignifi-
cant at even the p = 0.05 Tevel. Best results
were found with v_ = 0 m/sec, v, = 0.018 m/
sec, and a PG Qispersion paréimeterization
based on a.o, stability. determination, yield-
ing r = 0.43° (significant ~at the p = 0.01
level). When 400 meter data comparisons were
omitted, the best correlation between observed
and predicted values was a significant corre-
lation at the 0.01 level, r = 0.51, for a'B
parameterization based on AT/Az and v, = O,
v, = 0.018 m/sec. Our analyses suggest that
ofie may not unreservedly choose either a B or
PG parameterization for all cases.
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WIND SHEAR EFFECT ON LATERAL SPREAD DURING THE*
PLUME - DOMINATED PHASE OF: DISPERSION

E.D. Leavitt {Intera Environmental Consultants
Calgary, Alberta)

D.S. Davison

The interaction between vertical.mixing and a
velocity shear gives.rise to enhanced lateral
dispersion. Assuming homogeneous turbulence
and a linearly varying lateral velocity, Smith
(1965) predicted that the lateral dispersion due
to the wind shear varies as X where X is
the downwind distance from the source. For
typical values of atmospheric turbulence the
shear contribution is small (e.g., Pasquill,
1974). However; this conclusion is contra-
dicted by Slawson et al (1979) using data
collected in a study sponsored by Syncrude

in Northern Alberta. They detected signifi-

cant shear effects on lateral dispersion at
distances between 2 km and 10 km from a

buoyant source. - This conclusion is explained
if allowance is made for the enhancement of
vertical turbulence over ambient levels during
the initial stages of the.growth of a buoyant
plume. Smith's approach. is modified and used
to develop an expression which relates the
effect of the wind shear to source strength.
Comparison is made with Slawson's data and
with other plume data collected during

the Alberta 0il Sands Environmental Research
Program.
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THE RELATIVE IMPORTANCE OF WIND SPEED,

STABILITY, AND GROUND ROUGHNESS IN THE

CALCULATION OF DOWNWIND CONCENTRATIONS
OF FREEWAY EMISSIONS ’

S. Machiraju (AeroVironment, Inc., Pasadena, CA)
D. M. Wiibur (Same)

Though it is well known that both meteorological
and terrain factors play a role in the dispersion of
gaseous pollutants from freeways, the exact nature of
the dependence is not obvious. This is partly due to
the fact that the three major variables influencing’
dispersion--namely, wind speed, stability condition,
and ground roughness--are inter-dependent, and more-
over, that both the mutual and individual relationships
to dispersion are non-linear ones. To obtain a more
quantitative understanding of this interdependence, a
parametric variation of wind speed, stability, and
ground roughness was performed for fixed emissions
using a freeway model that has been well validated.
The wind direction was also fixed to be blowing across
the freeway. From the results of this parametric
variation we can conclude that: (1} At a given location
the concentration increases as the -stability passes
from an unstable to a stable condition; (2) For ali
stability conditions, the concentration decreases with
increasing wind speed (after an initial critical value is
reached); (3) For a given stability condition and wind
speed, the concentration decreases with increasing
ground roughness at downwind locations and increases
with increasing ground roughness at upwind locations.

This qualitative behavior is as expected. Lookingat
the quantitative aspects, we can further conciude
that: (1) For a given wind speéd, the largest change in
concentration occurs as we pass from more stable to
less stable conditions, with this transition region vary-
ing as a function of wind speed; (2) For a given
stability condition, the changes in concentration due
to changes in'wind speed are of comparable magnitude
to the changes due to varying stability; (3) For a given
stability condition, an order of magnitude increase in
ground roughness can result in a 50-100% reduction in
the concentration; and finally, (4) The primary influ-
ence is from stability condition and wind speed, with
ground roughness playing a secondary role.
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THE DYNAMIC EFFECTS OF LOW LEVEL JETS
AND RELATED WIND.SHEARS ON
THE RATE OF SPREAD OF FOREST FIRES

Douglas Chan (Dept. of Physics,
University of Toronto, Toronto, Ontario,
Canada)

Han-Ru Cho

A model is proposed to explain the
high correlations of blow up forest fires
in the presence of low level jets and
related vertical wind shears. Blow up
forest fires are forest fires burning
and spreading at rates much faster than
the burning conditions would indicate.
And low level jets are characterized
by horizontal wind profiles which are
decreasing with height. The model is
based on the dynamic interactions of
vorticity and the fire. The result is
the tilting of vortex tubes by air
motion induced by the fire. And cal-
culations can be done using the vorti-
city equation.

Preliminary calculations based on
a typical negative wind shear showed an
initial increase in the horizontal
wind velocity in the direction of fire
propagation. The increase is confined
to the center axis of the fire. There-
fore this model can account for an
increased rate of fire spread and the
typical long and narrow ('cigar-like')
profile of burning as observed in blow
up fires.

The main conclusion that can be
drawn is that the tilting of the vort-
icity field by air motion induced by
the fire is one major factor in the
explanation of blow up forest fires,
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OBSERVATION OF WIND SHEAR USING A DOPPLER
ACOUSTIC SOUNDER DURING SOUTHERN ALBERTA
CHINOOKS

T. Mathews, Department of Physics, The Univer-
sity of Calgary, Calgary, AB, Camada T2N 1N&4

S.A. Leelananda, R.H., Hicks and P.J. Irwin,
Department of Physics, The University of
Calgary, Calgary, AB, Canada T2N IN4

An acoustic sounder designed. to measure hori-
zontal wind profile has been built and operated
during the winter of 1979~80. The sounder con-
sists of a central array of transducers directed
vertically upwards and two inclined receivers
placed 100 m from the central tramsmitter, along
perpendicular baselines. 100 ms burst of 1600
Hz pure tone is transmitted by the central trans-
ducers and backscattered signals are received by
the remote receivers. Doppler shift in the
frequency of received signals is used to deter-
mine the horizontal wind in the height range
of 70-400 m. The sounder is located 20 km west
of Calgary in the lee of the Rocky Mountains,
an ideal location to study Southern Alberta
Chinooks.

During the past winter, many Chinooks were
observed and we have obtained wind profiles
during several of these. During the early
phase, strong winds of 30-40 m/s were observed
at higher levels while surface winds were low.
Later these strong winds descended to the
ground level. Wind shears of 30-40 m/s per
100 m seems to be typical during Chinooks.
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A NEW TROPOPAUSE DEFINITION FROM SIMULTANEQUS
OZONE-TEMPERATURE PROFILES

J. M. Roe
W. H. Jasperson (both at: Control Data Corpora-
tion, Minneapolis, Minn. 55440)

Historically, the tropopause has been defined
arbitrarily in terms of particular features
present in a temperature profile. This paper
suggests a new definition which is consistent
with' the assumption that the tropopause is a
boundary between the ozone rich air of the
stratosphere and the ozone poor air of the
troposphere.

In this study, several hundred simultaneous
temperature and ozone profiles from the middle
1960's and the latter 1970's were examined in
order to arrive at a tropopause definition based
on temperature and yet consistent with the ozone
evidence. These data span a wide range of
latitudes and seasons. Agreement between the
traditional temperature derived World Meteoro-

logical Organization (WMO) defined tropopause
and a tropopause defined subjectively on the
basis of ozone gradients was found to be only
68%. However, a modification of the WMO tropo-
pause definition, which relaxed the thickness
criterion and allowed the temperature gradient
criterion to vary with different soundings,
produced a 95% agreement.
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THE HIGH VARIATION OF THE D/H OF PRECIPITATION
FROM WINTER STORMS OVER THE NORTHEASTERN UNITED
STATES: A NEW METEOROLOGICAL AND CLIMATIC TOOL?

Lawrence, J. R.(Lamont-Doherty Geological
Observatory of Columbia University, Palisades,
New York, 10964).

White, J. W. C. (L-DGO, Palisades, NY 10964)

Smiley, D. (Mohonk Trust, New Paltz, N.Y. 12561)

The hydrogen isotopic composition of indivi-
dual storms passing over the northeastern
United States is highly variable particularly
during the winter months. Subdivision of the
isotopic data into three categories was possi-
ble on the basis of the tracks and types of
storms, The study period was July, 1977, to
July, 1978. Category 1 represented large
low pressure storms that originated in the
southern or central U. S. and moved northeast—
ward west of the Appalachians toward the St.
Lawrence Valley. Category 2 represented large
low pressure storms that originated in the
Gulf of Mexico or near Cape Hatteras and moved
northeastwarxd along the eastern seaboard. Cat-
egory 3 consisted of weak summer storms common—
1y occurring as a result of aweak eastward
moving coldfront. In two instances hybrid
storms occurred. The 8D values of the three
categories were: (1) -55%320/ . (2) -94*
11%/40 and (3) -47#160/55. The percent of
the total annual precipitation in each was:

(1) 54% (2) 19% and (3) 27%. The cause of

the differences in 6D values of the three cate-
gories are unknown, although it seems essential
that a Raleigh distillation effect must have
been important. Incomplete data for the

period July 1978 to July 1979 yield similar
isotopic patterns although the number of

hybrid storms was greater.
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ORGANIC COMPOUNDS IN RAIN AND SNOW

P.A. Meyers (School of Public and Environment-
al Affairs, Indiana University, Bloomington,
IN 47405), R.A. Hites

As part of a general study of the fluxes of
organic materials to lakes and their sediments,
we have determined seasonal changes in organic
contents of precipitation. Rain and snow
samples were collected at a location in south-
ern Indiana during fall, winter, and spring.
Their dichloromethane extracts have been
analyzed by capillary GC and GC-MS. A variety,
of natural and anthropogenic compounds was
found, including n-alkanes, branched alkanes,
polycyclic aromatic hydrocarbons, and several
types of oxygenated and halogenated compounds.
Most of the precipitation samples contained a
relatively small number of dominant compounds,
although the relative contributions changed
with season. In general, rain held more of
higher molecular weight compounds such as
n-alkanes than did snow. Concentrations of
materials in rain decreased during the fall,
remained low during the winter, and increased
in the spring. This pattern reflects the
availability of bioleogically produced materials.
Snow contained higher concentrations than were
present in rain, suggesting that snow crystal
formation more effectively scavenges organic
matter from the atmosphere than does rain
drop condensation.
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NEAR REAL-TIME WATER BUDGETS ON A NATIONAL SCALE

P.Y.T. Louie (Atmospheric Environment Service),
W.I. Pugsley (Atmospheric Environment Service)

In an effort to monitor and quickly assess
variations of climatic parameters in time and
space with respect to hydrological activities,
a simple water budget technique based on the
Thornthwaite model has been implemented in a
near real-time mode. Daily water budgets are
computed for approximately 345 synoptic
stations across Canada and the northern U.S.
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using their basic meteorological observations.
The'se water budget components are accumulated
and averaged over seven day periods and, using
an objective analyses scheme, are available in
map form about two days after the end of each
period. The limitations and applications of
the model outputs are discussed.
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MEDICAL BIOMETEOROLOGY: YESTERDAY
TO-DAY AND TOMORROW

Simon M. Kevan (Department of Geography
John Abbott College, Ste Anne de
Bellevue, Que. H9X 319)

A brief overview of the past, present
and future status of medical biometeor-
ology is given. It is pointed out that
North America has had a long and rich
tradition of medical biometeorological
research, but, that in recent years
interest in the more general aspects
and practical applications-of this re-
search has declined. The European,
especially the central European, aca-
demic communities have been playing a
much more active role in conducting
research concerning weather and health
issues. Comments are made on their
findings and methodology, as well as
on their experiences with medical me-
teorological forecasting. Attention
is focused on the types of difficult-
ies which would be encountered by
North American research workers if they
were to initiate a medical biometeor-
ological programme of a similar nature.
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CLIMATIC HISTORY OF TENDER FRUIT GROWING
ARFAS IN ONTARIO

W.D. Wyllie (Ontario Region, Atmospheric
Environment Service, Toronto, Ontario)
D.M, Brown (Agrometeorology, Land Resource
Science, University of Guelph, Guelph,

Ontario, N1G 2Wl)

Features of extreme winter temperatures
that are damaging to tender fruit buds,
trees and vines are provided for the past
55 years in the tender fruit growing areas.
Specific examples of climatic conditions
that led to severe damage to peach trees
are discussed. Temperature conditions in
the first 30 years are compared with those
in the last 25 years. It is apparent that
the relative frequency of occurrence of
below zero °F (-180C) winter temperatures
is about the same in both periods, although
colder temperatures -5 to -10°F (-20.5 to
-23.39C) appear to be more frequent in this
region in the last 25 years.

The effect of preconditioning of trees and
vines, due to mild autumn and early winter
conditions, on the likelihood of damage by
extremes in winter are assessed based on the
accumulation of degree-days >59C after
October 15th. Mid-winter mild spells are
also assessed for their subsequent effect.
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METEQOROLOGICAL FACTORS CONTRIBUTING TO SUNew
FLOWER HEAD MOTH INFLUXES IN SASKATCHEWAN

DeJe Bauer (Atmospheric Enviromment Service)
Saskatoon, Saske

AoPs Arthur (Agriculture Canada)
Saskatoon, Saske

The sunflower moth Homeosoma electellum
(Hulste) is not indigenous to the Canadian
Prairiess Moths arriving in Saske are thought
to have migrated from Texas where they winters
Introduction of sunflowers as a cash ¢rop in
Saske has led to a concern sbout sunflower moth
infestations and an interest in predicting the
arrival of these moths. Forecasts of meteoro=
logical conditions favorable to migration could
be used to alert farmers of possible infesta=
tions and allow them to take early control
measurese

Using data on the arrival of sunflower moths
in Saske during the 1975 and 1976 seasons
reverse trajectories to northern Texas were
determined, Surface to 700 mb wind fields as
well as temperature and stabllity parameters
were examined to establish a set of parameters
favorgble to such migrationse




Based on the criteria determined by analysing
the 1975 and 1976 migrations forecasts of
probable infestations were made during 1977,
1978 and 1979 Canadian Meteorological Centre
surface, 850 mb, 700 mb and 500 mb prognostic
charts were used to identify suitable
situationse

Although there is a need for further investi=
gation into the migration activities of the
sunflower moth results from the past three
years suggest that relisble forecasts of their
arrival in Saske ¢an be made two to three days
in advance. )

Large-Scale Dynamics
and Climate

Pier2& 3

Tuesday A.M.

A. Robert (Canadian
Meteoroiogical Centre),
Presiding :
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EDDY HEAT FLUXES AND STABILITY OF
PLANETARY WAVES

Lin, Charles A., Canadian Climate Centre, 4905
Dufferin St., Downsview, Ontario, M3H 5Th
Sponsor: CMOS

The stability of baroclinic Rossby waves
in a zonal shear flow is examined, using a
linear, quasi-geostrophic, two-level, adiabatic
and frictionless mid~latitude B-plane model.
The perturbations consist of truncated zonal
Fourier harmonics. The two important zonal
scales are the basic wave scale and the radius
of deformation. The ratio of these scales,
together with two non-dimensional parameters
which describe the barotropic and baroclinic
basic wave amplitudes, constitute the three
parameters in the parameter study of the sta-
bility problem. Parameter space is partitioned
according to the dominant energy source for
instability.

For the case of interest to the atmosphere,
the basic state consists of a wavenumber one
Rossby wave in a zonal flow with vertical shear
close to the minimum critical shear of the two-
level model. The most unstable mode grows at
the baroclinic time scale and is almost sta-
tionary relative to the basic wave. Maximum
perturbation amplitude is at wavenumber three,
intermediate between the response scales of
the two destabalizing mechanisms: vertical
shears of the zonal flow and basic wave. The
perturbation meridional scale is close to the
radius of deformation; maximum development oc-
curs at a position where the basic wave shear
is a maximum. Applications to planetary scale
waves that transport heat are considered.
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GLOBAL ENERGY AND ENSTROPHY FLUXES AND SPECTRA

Lembert, Steven J., Canadian Climate Centre,
4905 Dufferin St., Downsview, Ontario, M3H
5TL.

Sponsor: CMOS

Using the two dimensional spectral index,
n, the degree of the associated Legendre poly-
nomial expansion, energy and enstrophy spectra
are computed for January ,1979. The calcula-
tions are done globally on ten pressure levels
using the FGGE level III-a data produced by
the American National Meteorological Center.

The fluxes of energy and enstrophy, ob—
tained by integrating the non-linear inter-
ections among the n scales, are examined in
light of the criteria for the existence of an
inertial subrange.
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THE STRATOSPHERIC MEAN ZONAL FLOW IN WINTER

R. S. Quiroz (National Meteorological Center
NOAA, Washington, D. C. 20233)

With the aid of radiation measurements from
Vertical Temperature Profile Radiometers on

NOAA satellites, the mean zomal geostrophic
flow is determined at heights from the mid-
troposphere to the lower mesosphere. The data
are presented in the form of latitude-height
cross-sections for individual months of four
recent winters (1975-76 to 1978-79); and as
time—height sections at 65°N, each over
several weeks, for specific stratospheric
warming events during the four winters.

A strikingly coherent behavior from tropo-
sphere to mesosphere is noted during the
warming events, with both leads and lags in
the vertical propagation of zonal wind minima
and maxima. By contrast, the mean zonal
wind field in a winter of only weak warming
activity (1975-76) was relatively undisturbed.
Relationships among the strengths of the
tropospheric, mid-stratospheric polar night,
and lower-mesospheric jets are discussed.
Meridional shifts of the mesospheric jet
between 25 and 60°N are evidently related to
the character of stratospheric warming activ-
ity in each winter. These results call for
special care in deriving climatological
“atmospheres.”
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THE INTERANNUAL VARIABILITY OF SURFACE
PRESSURE, TEMPERATURE AND PRECIPITATION
MAY 1963 T0 APRIL 1973

M.J. Stefanick (Geophysical Fluid Dynamics
Program, Princeton University, Princeton,
New Jersey 08544)

The geographical and temporal variations
of any meteorological field can be described
as a sum of standing waves in many different
ways, This standing wave decomposition can
be made in such a way that its components
are the least sensitive to atmospheric noise
(natural variability) as is possible. This
noise insensitive decomposition is applied to
the sequence of 120 mean monthly fields (all
points north of 30°S) of surface pressure,
temperature and precipitation which have been
assembled by A. Oort (in prep.). The first
noise insensitive component for the surface
pressure " is shown to be, from its spatial
pattern, the Southern Oscillation. The first
two components of the surface temperature are
shown to be related to El Nino, both from their
spatial patterns and from time series events in
1965 and 1972, and to the Southern Oscillation
time series. The first two components for the
precipitation are evidently due to station
errors, but the third component shows strong
similarities to the time series far surface
pressure.
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RELATIONS BETWEEN CLIMATIC FLUCTUATICNS AND
VOLCANIC ERUPTIONS ASSESSED THROUGH
LIKLIHOOD CONSIDERATIONS

Harvey A. Singer (Dept. of Geological Sciences,
State University of New York at Binghamton,
Binghamton, N.Y. 13901)

It has been proposed that stratospheric-level
veils of fine dust fram great, explosive volcanic
enptions initiated a new climatic regime which
favored Pleistocene glaciation. Recent data
shows that many cooling episodes began signifi-
cantly prior to the coinciding major eruptions.
Further, it is questioned whether such magnitude
eruptions occur with the frequency needed to cool
the atmosphere. Two sinple hypotheses are thus
confronted: (1) eruptions precede and cause
climatic cooling, or (2) erngptions follow and
are triggered by the cooling. Since the data is
limited to the consequences of the two hypotheses

the most that can be done is to weigh each accord-

ing to the adequacy with which, in probability
terms, they describe those consequences, either
of which can do so. Rather than standard test-
ing techniques, liklihood theory is used to de-
texmine the relative abilities of the hypotheses
to account for the data. Each occurrence of an
eruption and a cooling period together is class-
ified into cne of two association types on the
basis of prior onset of either event. The stat~
istical model used is a binomial distribution

of types, in which it is assumed that eruptions
sufficiently separated in time and space from
each other are independent events. Three time
scales are studied. The canclusions are biased
an the scales of 102 and 104 years due to the
nature of the climatic variations and eruptions.
On a scale of 103 years, the order of time re-
quired by the Pleistocene glaciers to fully
develope or melt, the method of maximm 1ikli-
hood yielded a best supported value for the
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bincmial parameter of % of dbtaining either
association type, indicating that either hypoth—
esis (1) or {2) is equally likely %o account for
a connection between erupticns and cooling
episodes.
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PREDICTED IMPACT ON LOCAL FOG AND CLOUD
CONDITIONS BY GENERATING OPEN WATER AT THE
COAST OF JAMES BAY

E. Vowinckel (Department of Meteorology
McGill University, Montreal, Que. H3A 2K6)

Svenn Orvig (Department of Meteorology
McGill University, Montreal, Que. H3A 2K6)

It is anticipated that if rivers in the
Rupert Bay area are ‘dammed for hydroelectric
power production, areas of ice free water
will be generated off the river mouths., The
possibility of a change in local climate is
examined, specifically the effects of
increased condensation of water vapor

Wind directions between S and NW will carry
air to the shore over such open water for
77 per cent of the time in winter, and the
air mass modification has been calculated for
each day of the period January - March for
the four years 1972 - 1976. An energy budget
program was used, which permits evaluation
of all surface energy exchange terms and
determines the change in vertical structure
of the air mass along its trajectory.

The results show the expected changes in
occurrences of condensation. When a 10 km
trajectory over open water is compared with
passage over solid ice, a net increase of
condensation took place in all atmospheric
layers examined (up to 500 m). Out of 436
cases, the number of occurrences of
condensation in the lowest layer (0 - 10 m)
increased from 17 downwind from ice to 26
downwind from open water. Thus, the cases
with condensation increased from 3.9% to 6%
of the total. In the higher layers the net
change was greater, and it can be concluded
that the bulk of the additional water vapor
will be condensed in the form of St or Sc
ctouds. This is due to the simultaneous
input of moisture and heat over the open
water.
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TWO JANUARY SIMULATIONS USING THE FIVE- AND
TEN- LEVEL VERSIONS OF THE AES/CCC GENERAL
CIRCULATION MODEL

Boer, G.J., N.A. McFarlane, J.D. Henderson, R.
Laprise, Canadian Climate Centre, 4905
Dufferin Street, Downsview, Ont., M3H
STh

Sponsor: CMOS

Two January simulations using the AES/
CCC spectral general circulation model are pre-
sented. One of the simulations was made using
a five-level version of the model while the
other was made using a ten~level version having
the same number of computational degrees of
freedom and hence half the horizontal resolution.

A comparison of the results of these
simulations with climatology and with each other
gives some information on the utility of gen-
eral circulation models of modest resolution
and on the trade-off between horizontal and
vertical resolution in models of this type.

176

A SPECTRAL GENERAL CIRCULATION MODEL
WITH MINTZ~ARAKAWA PHYSICS

Sargent, Neil, Canadian Climate Centre, 4905
Dufferin St., Downsview, Ontario, M3H 5Tk
Sponsor: CMCS

For studies in longer range climate sim-
ulation a fast, cheap General Circulation Model
with moderately sophisticated physics would be
useful. To this end a two-level spectral GCM
with semi-implicit time stepping and Mintz-—
Arakawa physics is being developed at the Cana—
dian Climate Centre. The spectral dynamics are
handled by the transform method and necessitate
a Phillips & coordinate but dispense with sta-~
bilizing diffusion and short time steps. The
Mintz-Arakava physics must be modified slightly
to accommodate these differences.

The model is currently being tested on
January conditions. Zonally averaged mean and
transient eddy quantities and the meridional



EOS, vol. 61, no. 17, April 22, 1980, page 247

flow are well reproduced. Standing waves and
mean ses level pressure patterns are still not
completely satisfactory. Work continues on this
model which runs at ~ L0O:l.

M 77

A SEASONAL ENERGY BALANCE MODEL WITH ICE-ALBEDO
AND BIOGEOPHYSICAL FEEDBACKS. -

Tzvi Gal-Chen (National Center for Atmospheric
Research, Boulder, CO 80307)

Amir Shabbar (Prairie Weather Center Atmospheric
Environment Service, Winnipeg, Manitoba
R3C-3V4, Canada)

The zonally averaged mean annual energy bal-
ance model of Gal-Chen and Schneider (1976,
Tellus 28, 108-121) is extended to allow seasonal
simulations. The zonal seasonally effective
thermal inertia is. allowed to vary on a seasonal
time scale to account for some of the effects of
the seasonal variation of the oceanic mixed
layer. Separation is made between atmospheric
albedo and surface albedo. The combined plane—
tary albedo is calculated using theory of two-
stream approximate solution to multiple
scattering. The atmospheric albedo is held
fixed and the surface albedo is allowed to change
according to changes in surface temperature and
the position of the tree line. The position of
the tree line is a function of the insolation
and surface temperature in July. A distinction
is made between the albedo of a snow covered
tundra (poleward of the tree line) and a snow
covered forest. Thus both ice-feedback and bio-
feedback are included. The infrared emission to
space and the dynamical parameterizations are
essentially the same as in Gal-Chen and
Schneider (1976). When biofeedback is omitted
it is found that the annual model and the season—
al model respond similarly to changes in solar
constant. When biofeedback is included and
allowed to interact with ice-feedback the .
seasonal model is more sensitive than the annual
model. Implications of this latter finding for
the astronomical theory of ice ages are
discussed.

M 78

COMPARATIVE ASSESSMENT OF SUBSURFACE ENERGY
STORAGE PARAMETERIZATION SIN SEASONAL CLIMATE
SIMULATIONS

K. E. Taylor (Dept. of Physics, Univ. of Florida,
Gainesville, FL 32611)
(Sponsor: W, L. Chameides)

A brief review of seasonal energy budget data
highlights those characteristics that are of
primary importance for accurate seasonal cycle
simulations in climate models. The summary
includes estimates of the magnitudes and phases
and also of spatially averaged emergy fluxes at
the surface, at the top of the atmosphere, and
across the equator. When appropriate, the
hemisphere is separated into a marine sector
and a continental sector to provide a more
precise description of the energy budget.
Several previously used paramterizations and
one new parameterization for subsurface energy
storage are then evaluated in light of these
observations. The phase lags and seasonal
amplitudes of the surface temperature and the
total energy stored beneath the surface are the
main focus because of their major importance to
the simulations, especially the possibility of
ice cap growth and decay. The parameterizations
for subsurface energy storage are compared and
assessed in terms of (1) their ability to
simulate the natural system, (2) their physical
basis, (3) the methods used to determine the
model parameters, especially with regard to
tunability and sensitivity, and (4) their
relative complexity and potential for future
applications in models of higher resolution.

m79
ORIGIN OF ICE AGES

Peter Fong (Physics Department, Emory University,
Atlanta, Georgia 30322)

The dynamics of the growth and waste of the
cryosphere, which is coupled with the dynamics
of the hydrosphere and the atmosphere, is worked
out in a simplified model. The mathematical
system 1s represented by a set of simultaneous
differential-integral equations which are deter-
ministic and may be solved nunerically. The
dynamical history of the last Pleistocene gla-
clation, that is, the rate and extent of the

last glacier advance, may be accounted for by a
global heat deficit of 0.13% of the insolation
lasting throughout the glacial period. This
perturbation triggers a chain reaction of glacier
advance by ice-albedo positive feedback which is
later stabilized because of the geometry of the
icecap and the infrared negative feedback. The
coupling with the hydrosphere leads to a lowering
of the ocean surface temerature of 2.1°C, a pre—
diction inogood agreement with the observed lower-
ing of 2.3°C. Note that the eccentricity changes
of the earth's orbit leads to a change of the
insolation from —0.17% to +0.014%, which is of
the right order of magnitude to initiate Plelsto-
cene glaciation according to our model. Previous
climate models are not sufficlent (by a factor of
10) for the eccentricity changes to do so.

The mathematical study of the process of gla-
cier retreat brings out a hysteresis effeet of
the climate cycle. The retentivity may explain
the observed fact that the interglacials of the
Pleistocene are progressively colder whereas the
glacial periods are progressively milder.

The theory of glacier retreat can be readily
applied to investigate the climate effect of the
COp increase due to the use of fossil fuels. The
result is that the principal effect would be the
melting of the icecaps rather than the increase
of the temperature as generally concelved. The
Eastern Antarctic ice sheet, dccording to recent
studies, might have partially wasted in the last
interglacial and thus is also vulnerable. The
COy effect could be more serious than we thought.
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Remote Sensing: The
Noss System and
Ocean Applications
Pier7 & 8

Thursday A.M.

Peter Cornillon (Univ. of
Rhode Island), Presiding

0 1 INVITED PAPER
THE NOSS COLORIMETER

George A. Maul (National Oceanic and Atmospheric
Administration, Atlantic Oceanographic and
Meteorological Laboratories, 15 Rickenbacker
Causeway, Miami, Florida 33149)

The National Oceanic Satellite System proposes
to incTude a visible/infrared muTtispectral
scanner called the NOSS colorimeter. Details of
the number of channels, their central wavelengths
and bandwidths will be finalized in the summer of
1980. In consideration of the IUCRM panel recom-
mendations, the nine colorimeter channels will
probably be: 430-450 nm, 510-530 nm, 550-570 nm,
630-650 nm, 675-695 nm, 740-760 nm, 830-850 nm,
870-890 nm and 10.5-12.5 um. Instrument design
will be very similar to the Coastal Zone Color
Scanner which is on NUMBUS-7, except that three
additional channels are included, and the reso-
lution from the proposed sun-synchronous 700 km
altitude orbit will be about 800 m. The NOSS
colorimeter is designed to optimize the quantita-
tive detection of chlorophy1l and sediments but
will only provide qualitative sea surface tem-
perature measurements.

NOAA D-G, operational meteorological space-
craft, are planned to meet the need for quanti-
tative sea surface temperature measurements.
These spacecraft will have an Advanced Very High
Resolution Radiometer with five channels as
follows: 550-680 nm, 720-1100 nm, 3.55-3.93 um,
70.3-11.3ym, 11.5-12.5 ym. Two thermal infrared
channels in the 10-13 um water vapor window are
designed to correct the measurements for absorp-
tion and re-emission by the atmosphere. The 850
km altitude orbit of the AVHRR will provide daily
global ‘coverage at 4 km resolution and local area
{direct acquisition) coverage at 1 km resolution.
Orbital configurations between NOSS and NOAA-n
have not been decided, -but coincident quantita-
tive chlorophyll, sediment and temperature infor-
mation is not anticipated.
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THE NOSS SCATTEROMETER: A MICROWAVE
MEASUREMENT OF OCEAN WIND VECTOR

W. Linwood Jones and William L.

Grantham, (NASA Langley Research
Center, Hampton, Virginia
23665)

Victor E. Delnore (Kentrom Corp.,
Hampton, Virginia 23665)

During the mid 1980's, the joint
NASA/NOAA/DOD National Oceanic
Satellite System (NOSS) will be
launched to provide limited
operaticnal oceanographic
measurements. This paper pre-
sents an overview of the micro-
wave scatterometer on NOSS
and will address the following
topies:

1. Brief discussion of para-

meters observed.

2. NOSS Scatterometer herit-

age.

3. Hardware Descriptiomn

4. Post-launch validation

plans.

0 3 INVITED PAPER

SATELLITE ALTIMETRY APPLICATIONS TO OCEANOGRAPHY

James G. Marsh
Robert E. Cheney (Geodynamics Branch, Goddard
Space Flight Center, Greembelt, MD 20771)

Satellite-borne radar altimeters have provided
the first direct observations of sea surface
topography and demonstrated the potential of
satellite altimetry in the study of ocean
circulation. The most recent altimeter flown on
Seasat in 1978 attained a precision of 5-8 cm.,
a four-fold improvement over the previecus'GEOS-3
instrument. In order to adequately amalyze the
altimeter data  for dynamic ocean processes, pre-
cision orbit and geoid data are required. Recent
orbit computations based upon laser and Unified
8-Band tracking data and using state-of-the-art
models of the earth's gravity field, atmospheric
drag, and solar radiation pressure have yielded
height errors on the order of one meter for
these spacecraft. This height error tends to
be long wavelength with the dominant period equal
to the period of the orbit.  Over distancés of
a few thousand kilometers, orbit error appears
as a tilt and bias in the sea surface topography.
Using a combination of the altimeter data and
precision orbital information, mean sea surfaces
have been computed. The resolution of the sur-
faces ranges from 0.25° in the N.W. Atlantic to
1° in some of the southern ocean areas, and the
accuracy in most areas is approximately 30 to
40 cm. Because these mean surfaces closely
approximate the actual geoid, they can be used
to detect transient ocean features in regions
where high resolution gravimetric information
is not available.

04

ON DETERMINATION OF THE OPTICAL PROPERTIES
OF SEA WATER FROM LANDSAT DATA

Sasithorn Aranuvachapun (Department of
Oceanography, University of British Columbia,
6270 University Boulevard, Vancouver, B.C.,
Canada. V6T 1M5)

(Sponsor: Natural Sciences and Engineering
Research Council of Canada)

LANDSAT radiance data are used to estimate
the diffuse reflectance Ly{(}) due to the optical
properties of sea water in the surface layer.
The radiance Lw(2) is then used to calculate
upwelling, downwelling irradiances and the
scattering function of the sea water. The
calculation assumes that the upwelling irrad-
iance is attributed to back scattering, reflec-
tion and attenuation of both the sea water and
the small suspended particles at very low con-
centration. Similarly, the downwelling irrad-
iance results from forward scattering trans-
mittance and extinction processes. The model
is also extended to approximate scattering,
attenuation coefficients and penetration depth.
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ATMOSPHERIC CORRECTIONS TO SATELLITE-MEASURED

BRIGHTNESS TEMPERATURES USING DUAL-WINDOW
RADIOMETER DATA

E.P. McClain (National Environmental Satellite
Service, NOAA, Washington, D.C. 20233)

C.C. Walton (National Environmental Satellite
Service, NOAA, Washington, D.C. - 20233)

Thermal-infrared measurements in two atmos-
pheric windows (3.55-3.93um and 10.5-11.5um)
from the Advanced Very High Resolution Radio-
meter (AVHRR) on NOAA-6, NOAA's polar orbiting
environmental operational satellite, have been
used to obtain geophysical verification of a
proposed method for making atmospheric correc-
tions to the satellite-measured brightness
temperatures for sea surface temperature
estimates. .

Atmospheric ¢orrections were simulated by
calculating the 3.8 and 1lpm brightness
temperatures from atmospheric.transmittance
models using a geographically and seasonally
diverse sample of atmospheric temperature and
water vapor profiles from radiosonde observa-
tions. An excellent linear relationship was
found between the brightness temperature
difference, T3 g-T;j, and the atmospheric
correction (Tsfc'TS.s or Tgg.-Ty1). Atmos-
pheric corrections arnd brightness temperature
differences obtained from a global sample of
AVHRR dual-window measurements and independent
sea surface temperature observations were found
to be similarly related, the two independent
sets of regression lines having virtually
identical slopes and intercepts.

06

INTERANNUAL VARIABILITY OF THE SOMALI CURRENT
SYSTEM DURING THE SUMMER MONSOON

Otis B, Brown (Rosenstiel School of Marine
and Atmospheric Science, Miami, FL 33149)
Robert H. Evans

Spin-up and mature phases of the Somali Current
system have been monitored during the summer
monsoons of 1975-1979 utilizing ship and sat-
ellite derived sea surface.temperature (SST)
maps. The most striking feature of the
interannual variability is the presence of

a strong crescent-shaped frontal feature at
A50N latitude during 1976 and 1979, but not

in other years. In situ current measurements
show this front to be associated with southern
separation of the Somali Current. In all years
the strong front feature at Vv10°N latitude
traditionally associated with Somali Current
separation and the "Great Whirl" is observed.
Mean frontal location. maps by year are pre-
sented with a brief discussion of weekly to
monthly temporal variability.

u7
THE SPACE-TIME STRUCTURE OF THE SHELF/SLOPE
WATER BOUNDARY

Peter C. Smith, Bedford Institute of Oceanography
Dartmouth, Nova Seotia, Canada, B2Y 4A2

Sea surface temperature data, obtained from
satellite infrared imagery (VHRR) and ships of
opportunity and embodied in weekly maps {'Experi-
mental Ocean Frontal Analysis” or EQOFA charts)
are used to define the space-time structure of
the shelf/slope water boundary (SSB) off Nova
Scotia. Frontal positions are digitized on a
10X10 km grid and analyzed according to methods
described by ‘Halliwell and Mooers, (JGR,84,p.7707)

In the region from 600 to 659, the surface
expression of the SSB lies 120+ 70km off the
shelf break. The western end of this region is
a preferred site for the formation of warm-core
anticyclonic eddies by the Gulf Stream, which
produce fluctuations in the SSB position. The
space-time autocorrelation indicates temporal and
spatial scales {4 wk,130km) and westward propaga-
tion at 0.04ms~!, consistent with the distur-
bances caused by the eddy field. Empirical or
thogonal function analysis rgveals that 78% of
the SSB variance is contained” in the first four
modes.

Low-frequency currents, temperature and sali-
nity from a two-year mooring program at the sheif
break south of Halifax (42-43ON,63-640K) are
discussed in 1ight of the SSB data. The forma-
tion of a Gulf Stream eddy produces 140km wave
like disturbances in the SSB and distinct 20d
oscillations in the alongshore current component
at the shelf break. Actompanying the event is a
large-scale onshore displacement of the SSB,

which is detected in the amplitude of the domi-
nant empirical mode. On a seasonal basis, this
mode is correlated with the alongshore current
variance in the 10-30d spectral band

08

SEA SURFACE TEMPERATURE FIELDS FROM SEASAT SMMR
MEASUREMENTS

C. Gautier (Space Science and Engineering Center
1225 W. Dayton Street, Madlson, WI 53706)
S. Massé

Fields of SMMR brightness temperatures at
various frequencies are statistically studied
so as to derive information about their content.
This statistical analysis is applied, in parti-
cular, to sea-surface temperature (SST)
retrievals with special emphasis on regions
of strong SST gradients (Gulf Stream). Reglons
of strong SST gradients are often covered with
.cloud bands oriented perpendicular to the
gradient, making the SST retrievals more
difficult. However, our statistical analysis
shows that the brightness temperature fields
contain the information which we need if we are
to differentiate the cloud and water vapor
gradients from SST gradients. Results illustra-—
ting this statement will be shown.

Comparisons will also be shown between SST
obtained from SMMR data using different
algorithms, IR data for the same area, and ship
measurements, when available. These comparisons
will be discussed from a perspective of the
performances of the various algorithms.

09

ON THE RELATIONSHIP BETWEEN NORMALIZED RADAR
‘BACKSCATTERING CROSS SECTION AT MICROWAVE FRE-
QUENCIES AND THE WINDS AND WIND STRESS OVER
THE OCEAN.

W. J. Pierson Inst. Marine and Atmos. Sci.
City College, N.Y., N.Y. 10031

The power law relationship between the
NRCS and (1) the wind speed at 19.5 m, (2) the
total wind stress and (3) that part of the
wind stress that supports high frequency waves
is investigated. Scatter plots of the 19.5 m
wind are shown to have distinctive biasses as
a function of the meteorologically determined
wind if either (2) or (3) above should have
been used instead of the wind speed in the
power law relationship. It is found that (3)
is probably the correct relationship and that
the 19.5 m wind can.be more accurately pre-
dicted from the SASS measurements by removing
the bias observed in the scatter plots.

0 10
THE SEASAT~A SATELLITE SCATTEROMETER
OCEANIC WIND MEASUREMENT

W. Linwood Jones,

+ E. M. Bracalente

L. C. Schroeder, (NASA Langley Research
Center, Hampton, Virginia 23665)

Jon L. Sweet,

John L. Mitchell, (Kentrom Corp.,
Hampton, Virginia 23665)

Ocean surface wind fields measured
by the SeaSat-A Satellite Scatterometer
are presented. Also comparison diagrams
are shown which illustrate the accuracy
of scatterometer inferred winds compared
to in situ measurements.
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EXAMINATION OF GEOID MODELS FOR ALTIMEIRIC
DETECTION OF MESOSCALE OCEAN FEATURES

Robert E. Cheney
James G. Marsh (Geodynamics Branch, Goddard
Space Flight Center, Greembelt, MD 20771)

Determination of ocean circulation from satel-
lite altimetry involves removal of the gravita-
tional signal using geoid models. We have
examined several geoid models with regard to the
study of mesoscale ocean circulation in different
regions of the world. The models include gravi-
metric geoids of varying resolution and alti-
metric geoids (mean sea surfaces) for selected
regions using both the GEOS-3 and Seasat data
sets. Seasat altimeter profiles were used as
the input data in each case.  In the western
North Atlantic, where all models can be compared,
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the best results are obtained using the defailed
gravimetric geoid model. Features such as the
Gulf Stream and rings formed by the Stream ‘can
be clearly detected. The apparent dynamic height
accuracies attained in this area permit
quantitative analyses of pheroména such as
variability of the Gulf Stream transport. In
other areas such as the Southern Ocean and
western North Pacific, where no detailed gravi-
metric geoids exist, altimetrically-derived
surfaces may provide an effective means of
detecting transient rings and eddies.

012

GULF STREAM VARIABILITY DERIVED FROM SEASAT
ALTIMETRY DATA

H. Michael Byrne

Patricia E. Pullen (both at: National Oceanic
and Atmospheric Administration/Pacific
Marine Environmental Laboratory, Seattle,
Washington 98105)

Seasat Altimetry data in the North
Atlantic region was investigated for the repeat
orbit period, September 11 to October 9, 1978.
Analysis of sequential passes along the same
ground track was used to determine the magni-
tude and direction of movement of 'the Gulf
Stream for each three day period. Changes in
the horizontal position of the current along
the altimeter track were found on the order of
20km between repeated orbits. In the region
south and west of Bermuda centered at 250N,
sequential pass analysis indicated -variations
in surface topography with scales of approxi-
mately 325-350 km.

A comparison was made between altimetry
data for rev 1310 and coincident infrared data
taken from the NOAA-5 polar orbiting satellite.
The position of the northern boundary of the
Gulf Stream determined by the surface tempera-
ture gradients in the infrared data agreed
well with the position determined using the
altimetry data.

0 13 INVITED PAPER

NATIONAL OCEANIC SATELLITE SYSTEM
(NOSS)

V. E. Noble, DoD Associate NOSS
Project Scientist, Code 4006, Naval
Research Laboratory, Washington,

D. C.. 20375

Previous experiments (SKYLAB, GEOS,
SEASAT, NIMBUS-7) have demonstrated
the feasibility of making oceano-
graphic measurements from satellites.
Requirements for measurements of
oceanographic parameters are similar
for both military and civilian opera-
tional applications. NOSS is being
planned as a limited operational
demonstration to serve common goals.
The baseline sensors (Large Aperture
Multifrequency Microwave Radiometer,
Radar Altimeter, Scatterometer, and
modified Coastal Zone Color Scanner)
are evolutionary improvements of
previous instruments. 25% of the
system capability .(sensor, data sys-
tem) is being reserved for research
applications. An essential feature
of NOSS5 is data delivery through
TDRSS to a Primary Processing Faci-
lity (PPF) for near-real-time-deri-
vation of earth-located oceanic
parameters, with "best-pipe" relay
to the primary user facilities:
DOD/FNOC/SPC, : DOC/NOAA/NESS. Opera-
tional, Developmental, and Research
users (government agencies, commerce/
industry, and academic/institutional)
will obtain data products from the
primary user facilities. System
definition studies will be executed
in CY'1980. A five-year demonstra=-
tion period is planned (1986-91).
NOSS is a tri-agency (DOC/NOARA,
DOD, NASA) program.
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Pre-Pleistocene Cli-

mates

Metropolitan Centre
Thursday A.M.

Wolfgang Berger (Scripps
Institute of Oceanography),
and John C. Crowell (Univ. of
California), Presiding

0 14 INVITED PAPER
VALUE OF PALEOCLIMATE TO CLIMATE PREDICTION

John Imbrie (Dept. of Geological Sci., Brown
Univ., Providence, RI 02912)

0 15 [INVITED PAPER
PALEOCLIMATIC MODELING

W.L. Gates (Climatic Research Institute,
Oregon State University, Corvallis, OR 97331)

The problem of reconstructing pre-Pleisto-

cene climates with the aid of models is primar-
ily dependent upon the ability to assemble the
geographical and geophysical data required as
boundary. conditions. For that part of the Ceno-
zoic era during which the distribution of conti-
nents, oceans and mountains are similar to the
present,it is possible to use atmospheric models
to simulate the global climate in response to a
specified distribution of ocean surface tempera-
ture and ice sheet topography. For most of the
Mesozoic and all of the Paleozoic eras, the use
of both atmospheric and oceanic models is re-
quired to determine the ciimate as a function of
the estimated .continental and oceanic paleo-
graphy. From such integrations extending over a
few years' time, wind-driven surface ocean
currents and temperature of surface waters can
be estimated; temperature simulation of the
deeper ocean {and hence the surface temperature
in long-term equilibrium) requires integration
over several centuries. The geography of the
major ice sheets and the character of the land
surface, however, are specified beforehand. In
a comprehensive climate model these features
would be simulated along with the atmosphere and
ocean and interactive components of the total
climate system. .
: By assembling a series of quasi-equilibrium
climates at selected times in the past, the evo-
lution of global climate may be inferred. The
massive calculations for such a program of
paleoclimate systhesis, however, has prompted
the search for simplfied models which directly
address the time-dependent interactions of the
atmosphere-ocean-ice-biomass climate system over
long periods of time. The major difficulty of
such models 1is the .satisfactory representation
of the ciimate's nonlinearity, and their gener-
ally low resolution has restricted their use in
studies of modern climate. When properly cali--
brated, however, simplified climate wmodels
should prove useful with the relatively coarse
paleoclilmatic data, and serve at least to
sketch out the broader features of geological
ciimate.

0 16 INVITED PAPER
ANALYSLS OF TRANSIENT EVENTS IN OCEAN HISTORY

W. H. Berger (Scripps Instituion of Ocean-
ography, -Univ. of Calif., San Diego, La Jolla,
CA 92093)

The deep-sea record shows Tong-term
trends, low frequency fluctuations (which are
sometimes referred to as cycles), and step--
like transitions. from one climatic state to
another. A prime example is the recent degla-
ciation event. These steps are natural exper-
iments which yield clues to the behavior of
the "exogenic system" whose output is the
record. Event analysis considers to what
degree a .step is forced from without, and to .
what degree it represents instability within.
Events which are part of a trend are prime
candidates for discovering. positive feedback
mechanisms. R

One class of events may be associated with

the collapse of transient reservoirs of accum-
ulated solar energy. Several of the major
events (Cretaceous termination, Eocene termi-
nation, mid-Miocene event, Messinian event, 3
million-year event) may belong in this class.

0 17 INVITED PAPER

SOLAR, ASTRONOMICAL, AND ATMOSPHERIC EFFECTS
ON CLIMATE

James B. Pollack (NASA-Ames Research Center,
Moffett Field, CA 94035)
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VARIABILITY OF GLOBAL CLIMATE. DURING THE
CENOZOIC AS INDICATED BY OXYGEN ISOTOPIC
ANALYSIS OF DEEP-SEA SEDIMENTS

T.C. Moore, Jr., N.G. Pisias(Univ. of RI,
Kingston, RI 02881}, and CENOP Participants

Late Pleistocene climatic change is char-
acterized by large fluctuations in the north-
ern hemisphere ice sheets. fractionation of 0-
isotopes by processes that produce ice sheets
result in large amplitude variations in the
isotopic - composition of calcareous fossils.
Studies of late Pleistocene sediments indicate
that the variations in climate are charac-
terized by psuedo-periodic fluctuations, with
the dominant 100,000 yr. cycle. Superimposed
on this cycle are periodic components associa-
ted with orbital variations of the earth.
Studies of the early Pleistocene isotopic data
shows that the total variability of the signal
has decreased, and that the dominant 100,000
yr. cycle found in the late Pleistocene is
absent. :

Of importance to. the Cenozoic studies to
climate is the question, how has the varia-
bility of climate changed with time and how
has 1its frequncy components changed? Have
variations in earth's orbits always played a
role in forcing climate change and how has the
response to this forcing evolved?

Although detailed analysis of deep sea
sediments are not yet available to allow
studies of the frequency domain character of
Cenozoic climate and oceanographic change,
enough isotopic data from benthic fossils are
available to give a picture of variability in
deep’ ocean conditions. A compilation of iso-
topic analyses indicates that 3 periods during
the Cenozoic are marked by large variations:
the Middle Eocene, Middle Miocene, and Pleis-
tocene. Starting in the Middle Miocene the
degree of variability in the deep Atlantic is
greater than that of the Pacific. The degree
of difference in variability between the two
oceans appears to be greatest at intermediate
depths.

0 19 INVITED PAPER
PHANEROZOIC HISTORY: THO GREENHOUSE CYCLES

Alfred G. Fischer (Dept. of Geological and
Geophysical Sci., Princeton, U.,Princeton, NJ
08540)

0 20 INVITED PAPER
SEASONALITY AND THE STRUCTURE OF THE BIOSPHERE

J.W. Valentine (Department of Geological Sci.
University of California, Santa Barbara, CA
93106)

Seasonality is an important biological
parameter. High seasonality in density-inde-
pendent environmental parameters requires broad
adaptive responses. Even more significant is
seasonality in density-dependent resource supp-
1ies, which plays a basic role in constraining
the adaptive .strategies of organisms. This is
Earticularly true where primary productivity is
ighly seasonal, for species must then develop
strategies to cope with a boom-and-bust economy
in trophic resources. Unpredictability in en-
vironmental fluctuations can add to the seasonal
effects but even perfectly predictable seasonal-
ity creates an evolutionary response in' life
histories as shown by Boyce.

In the sea today, latitudinal gradients in
species richness.parallel the gradients in sea-
sonality of solar radiation. This species grad-
ient is modified, and further trends are crea-
ted, by trends in seasonality of nutrient supply
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that are chiefly related to effects of continen-
tality. Similar effects are found on land but
the modifying trends have other immediate cau-
ses. These trends and gradients are believed to
result from variation in life history strategies
based on responses primarily to patterns of sea-
sonality of trophic resources. Similar species
patterns are known from the fossil record; they
have great potential for the interpretation of
past patterns of seasonality.

0 21 INVITED PAPER
STABLE ISOTOPES IN CLIMATIC RECONSTRUCTION

Samuel M. Savin (Dept. of Geol. Sci., Case
Western Reserve Univ., Cleveland, OH 44106)

Variations 1in the relative abundances of
oxygen, hydrogen, and carbon isotopes can pro-
vide information on past climates. The best
known of the isotope paleoclimatic methods is
based on the temperature-dependent 0- isotopic
fractionation between Ca, (€03 and water.
Analyses of deep sea formaniferal carbonates
have yielded a detailed record of glacial-in-
terglacial fluctuations during Pleistocene
time. Isotopic studies of tertiary and late
cretaceous formanifera have clarified the main
features of marine climate in high and low
latitudes during the past 100 m.y. Major Ant-
arctic glaciation developed rapidly ca. 15
mybp (middle Miocene), associated with a de-
coupling of high and Tow latitude tempera-
tures. Only relatively modest cooling occur-
red during Tertiary-Cretaceous boundary
times. The general  temperature trend during
the past 100 'm.y. has been downward, but it
has been neither smooth nor monitonic.

The number of well preserved carbonate
samples suitable for precise isotopic temper-
ature analysis rapidly diminishes with 1in-
creasing age. It is unlikely that isotopic
methods will yield information about pre-Cre-
taceous climates in the detail achieved for
younger times. However, climatic information
of far Tower accuracy and precision can still
be extremely useful. 0- and H- dsotopic
studies of cherts have provided climatic
information and will continue to do so in the
future. Cherts are most. likely to provide
useful temperature limits for early
pre-Cambrian times.

Other isotopic systems have shown promise
for yielding climatic information of varying
quality. These include: 0- isotopes in marine
opal; 0- and H- isotopes in groundwaters; O-
and . H- isotopes in paleosols; 0- isotopes in
subglacially precipitated calcites; C-
isotopes in marine organic matter; and 0- and
H- isotopes in terrestrial matter.

0 22 INVITED PAPER
CLIMATIC ACME EVENTS ON SEA AND LAND

Bilal U. Hag (Woods Hole Oceangraphic Inst.,
Woods Hole, MA 02543)

Major climatic fluctuations in the geo-
logic past have left retrievable records in
the sediments from which the paleoclimate can
be reconstructed. ~One such record is  the
widespread latitudinal domination of certain
floral and faunal elements during times of
peak climatic change. Climatic acme events
are characterized by major latitudinal shifts
of assemblages during the climatic fluctua-
tions. These temporal migrationary patterns
have become ‘a reliable tool for paleoclimatic
interpretations.

Recognition of acme events involves de-
lineation of cycles of latitudinal migration
of assemblages 1in:stratigraphic sequences over
wide geographic areas. In the Cenozoic, for
example, planktonic foraminifera and calcar-
eous nannoplankton show numerous major shifts
through Tlatitudes in the Atlantic Ocean.
Amongst the more pronounced are the shift of
Tow Tatitude assemblages into high latitude -in
late Paleocene - early Eocene, and the re-
striction of 1low. Tatitude assemblages to a
narrow equatorial zone and dominance of cos-
mopolitan taxa elsewhere, in the late Eocene -
early Oligocene. These and other changes in
the paleobiogeography have been successfully
used to reconstruct the Cenozoic paleoclimate
of the Atlantic.

More practically, acme events can be used
to refine  the biostratigraphic framework of
higher latitudes where marker species are of-
ten absent, providing more precise correla-
tions between low and high latitudes. Assum-
ing that times of maximum environmental change
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are contemporaneous over wide ' geographic
areas, the migrationary maxima can be consid-
ered to define synchronous horizons., The pre-
cision with which these horizons approximate
synchronous surfaces depends on our ability to
unambiguously identify maximum latitudinal
migrations and on the complexity of the cycles
and the method used to delineate them.

0 25 INVITED PAPER
OCEAN GATEWAYS IN CLIMATE CHANGES

W. A, Berggren (Dept. of Geology and Geophysics,
Woods Hole Oceanographic Inst., Woods Hole, MA
02543, and Dept. of Geology, Brown University,
Providence, RI 02912)

The ocean represents one of the most impor-
tant components of the global climatic system.
With a specific héat per unit mass of four times
that of air, water (i.e. the ocean) has a ther-
mal capacity over 100 times that of the atmos-
phere. At the present time the energy .imbalance
from incoming solar radiation between the summer
and winter hemispheres and from. low to high
latitudes. There is little variation at present
in temperature and energy transport with the
ocean acting as an effective buffer for such
energy changes.

The question may be asked: = has the ocean
played the same role in thé meridional transport
of energy over the past 200 my. The answer is
unequivocally no. Present continent-ocean geo-
metry is the result of a long (200 my) history
of changing spatial configurations. The role of
gateways (and barriers) is fundamental for re-
creating the scenario of past circulation his-
tories (and their concomitant effect on paleo-
climate). We are at but an early stage in
understanding this history but we can outline a
tentative scenario. In general terms Mesozoic
circulation is latitudinal, Cenozoic circulation
longitudinal (meridional). The role of gateways
{and barriers) in climatic change is believed to
have been rather minor during the Mesozoic; in
the Cenozoic the role of gateways has become
more pronounced and has probably played a funda-
mental role in the enhanced climatic deteriora-
tion which has taken place over the past 50 my.

Pre-Pleistocene Cli-
mates

| Metropolitan Centre

Thursday P.M.

Wolfgang Berger (Scripps
Institute of Oceanography),
and John C. Crowell (Univ. of
California), Presiding
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THE ARCTIC OCEAN AND
PALEQCL IMATOLOGY

POST-JURASSIC

David L. Clark (Department of Geology and
Geogh sics, University of Wisconsin, Madison,
53706

(Sponsor: Thomas M. Usselman )

An ice-covered Arctic Ocean, such as that of
the present, affects world climates differently
than would an ice-free Arctic Ocean. Yearly net
heat loss in the modern Arctic is an important
factor in driving atmospheric circulation.
Also, changes in extent of Arctic ice-cover cor-
relate with shifts in major storm tracks and
Tower latitude precipitation distribution. Con-
versely, an ice-free Arctic Ocean would severely
change the earth's heat balance and alter lower
latitude weather patterns. It follows that the
role played by the Arctic Ocean in paleoclima-
tology can be Jjudged by the history of 1its
ice-cover.

Conditions of the pre-Cretaceous Arctic
Ocean are unknown but during the Late Cretaceous
and Early Cenozoic there was ’no ice-cover.
Periods of high primary productivity and inten-
sified wupwelling prevailed and a deep-sea
Pacific connection existed. An open Arctic con-
tributed to a limited world thermal gradient.
The ice-cover formed first during the Middle
Cenbzoic resulting in an increased thermal grad-
ient and altered atmospheric circulation. For a
minimum of 5 m. y. the Arctic Ocean ice-cover
and its role in world climates have been rela-
tively stable.

0 25 INVITED PAPER
ANCIENT SOILS AND ANCIENT CLIMATES

Franklyn B. Van Houten (Dept. of Geological
and Geophysical Sci. Princeton U. Princeton,
NJ 08544)

Global distribution of recent laterites
throughout the intertropical climate belt of
easterly winds (25N-255 latitudes) suggests
that most of the ancient ones, toether with
commoniy associated oolitic 1iron deposits,
reflect a warm-humid (seasonally variable)
climate. Because widespread lateritization
requires prolonged weathering with Tlittle ero-
sion ancient laterites were favored by loca-
tions and by episodes of relative stability.

Plotted on continental drift recon-
structions, most paleolaterites 1ie 1) within
the ancient intertropical humid climate zone,
2) on stable cratonic blocks, especially in
their interiors or along trailing "east-coast"
maritime margins, and 3) in a late or post-or-
ogenic framework. During late Devonian-car-
boniferous and later Permian-early Triassic
dispersal of Asiatic continental fragments and
during the opening of Tethys and the Atlantic
basin  (early to mid Jurassic, early Cretac-
eous, late Cretaceous, and Eocene) laterites
and sedimentary iron deposits developed as far
north as 60-70. In Eocene time laterites were
also widespread on northward-drifting Aus-
tralia as far south as 45.

Calcrete and calcareous red soils that
reflect warm, seasonally dry climate, can de-
velop in spans of several thousand years.
Most of the paleocalcretes were preserved in
intermittently aggrading nonmarine sequences
flanking orographic belts that plot within 40N
and S latitudes on continental drift recon-
structions.

Development of early Paleozoic to late
Precambrian (600-2300 M.Y.) laterite, cal-
crete, and sedimentary iron formations implies
that vascular land plants were not necessary
for producing aluminous and ferruginous rego-
1iths, and that an oxidizing humid to semiarid
climatic regime prevailed. The few known pa-
leosols older than 2300 M.Y. (2200 M.Y. in
South Africa) are not laterites, but they pro-
vide no substantial evidence for an oxygen-de-
ficient atmosphere.
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CLIMATIC SIGNIFICANCE OF LAKE AND EVAPORITE
DEPOSITS

Hans P. Eugster (Johns Hopkins University,
Baltimore, MD 21218)

Lake deposits are sensitive indicators of
paleociimatic changes. Particularly useful are
glacial and saline lakes. The latter are not
related to latitude and form when evaporation
exceeds inflow, recording a complex balance
between climate, hydrology and tectonics.
Changes in depositional conditions are indicated
by lithologies, sedimentary structures, and
mineralogy and often result in transgressive-re-
gressive cycles. Local differences may override
general climatic conditions. This is illustra-
ted by a reinterpretation of the Eocene Green
River climate. A climate exemplified by Holo-
cene SE California is preferred to that of the
Gulf Coast States (Bradley, 1963).

Climatic interpretation of marine evaporites
depends on their special hydrologic require-
ments. Three stages are distinguished, with
each stage dominated in turn by Ca-sulfates,
halite and K-Mg salts. The bulk of marine eva-
porites belong to stage 1. A sabkha setting is
a good depositional model. Sea water can be
concentrated up to 10 fold. Thick halite depos-
its may accululate in a deep, stratified basin
such as that suggested by Harvie et al. (1980)
with evaporation up to 20 fold. For the last
stage we prefer the playa model of Valyashko
(1972) which requires relative humidities of
less than 60-45%., Final products are hygro-
scopic and it 1is not easy to reconcile the
requirements for extreme aridity with a marine
setting {Kinsman, 1976; Hardie, 1979).
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NON  STEADY-STATE  OCEAN  CHEMISTRY:  CARBON
CYCLING AND CHANGES IN GLOBAL CLIMATE

Michael A, Arthur (U.S. Geological Survey,
Denver, Co. 80228)

The cycling of biogeochemical elements
through the ocean has apparently not been in a
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steady state over the last 120 m.y. Substan-
tial chemical changes in sea water and in the
rate and direction of cycling of carbon, for
example, are evidenced by significant changes
in the rates of accumulation of carbonates and
organic carbon in the ocean basins, by times
of “deposition of peculiarly wide spread marine
chemical facies such as phosphorites, and by
changes in the carbon isotopic composition of
pelagic calcareous microfossils. There seems
to be a direct association of changes in glo-
bal c¢limate with the ocean chemical changes.

tustatic sea Tlevel changes may be the
first-order control on ocean chemistry and
climate, but other "“events" appear to trigger
rapid changes in ocean chemistry which, in
turn, lead to climate change. These are
essentially instantaneous {1-3 m.y.) events,
superimposed on longer periods of ocean chemi-
cal trends and climate changes as related to
paleopositions of continents, eustatic sea
level, and possibly rates of tectonic uplift
and volcanism, Two examples are the rela-
tively sudden isolation of the northern South
Atlantic in Late Aptian time and of the reman-
ent Tethys ocean in lLate Miocene (Messinian)
time. The rapid deposition of evaporites in
these low latitude basins probably lead to
pronounced depletions of certain chemical ele-
ments (e.g., Na, C1, Ca, S, C, and nutrients)
in the remainder of the world oceans. The
Aptian episode led to climatic warming because
of an atmospheric Cop excess resulting from
the transfer of major amounts of calcium car-
bonate and sulfate to evaporite facies, while
the Messinian events apparently caused further
global cooling in an "already glacial world,
perhaps because the resultant less saline
ocean enhanced the production of sea ice at
high latitudes.

0 28 INVITED PAPER
TERTIARY MARINE AND NONMARINE CLIMATIC TRENDS

Wolfe, J.A., (U.S. Geological Survey, MS 95, 345
Middlefield Road, Menlo Park, CA 94025).
Poore, R. Z.

Planktic microfossil migration patterns
and 180 analyses from the Paleocene and
Eocene of the Atlantic Basin indicate pronounced
cooling events and the end of the early Paleo-
cene, near the early-middie Eocene boundary, at
the beginning of the late Eocene, and probably
at the end of the Eocene. These cooling events
were separated by warm intervals that are less
well-dated. Biostratigraphic correlations by
means of planktic organisms to the Mississippi
embayment sequence indicate an  isochronous
series of temperature fluctuations as evidenced
by changes in the physiognomy of land plant
assemblages. Cooling trends during the Paleo-
cene and Eocene are apparently isochronous with
regressions in the Mississippi embayment se-
quence. Physiognomic analyses also indicate a
prounced drying trend during the Paleocene and
Eocene.

Warm intervals in the Eocene were charac~
terized by major poleward expansion of tropical
planktic assemblages and tropical forests, Jow
mean annual range of temperature (high equa-
bitity), and a low altitudinal temperature grad-
ient in extra-tropical regions.

Temperature fluctuations during the Neogene
were of much lesser magnitude than those during
the Paleocene and Eocene; Neogene warm intervals
were only moderately warmer than present. Lati-
tudinal temperature gradients increased during
the Neogene; by the end of the middle Miocene,
oceanic circulation patterns closely resembled
those of the present. Although continental cli-
mates were less equable during the Neogene than
during the Eocene, mean annual range of tempera-
ture has significantly decreased during the
Neogene.

0 29 INVITED PAPER
THE TERMINAL CRETACEOUS EXTINCTION EVENT

Thierstein, Hans R. (Scripps Inst. of Ocean-
ography, Univ. of Calif., San Diego, La Joila,
CA 92093)

Paleontological and geochemical evdience
indicates that terminal Cretaceous extinctions
were triggered by an unannounced, sudden ca-
tastrophe with possibly major climatic conse-
quences. High resolution stratigraphy in con-
tinuous marine sedimentary sections, along
with recent vefinements in bijostratigraphic,
paleomagnetic and radiometric dating tech-
niques, ~suggest that the event occurred in a
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time-span of less than a few thousand years.
The evolutionary consequences of the ‘catas-
trophe appear to have been more severe among
the holopelagic plankton and the large verte-
brates, although exact correlation of the
event between marine and terrestrial extinc-
tions is controversial. Quantitative evolu-
tionary and biogeographic studies on oceanic
phytoplankton remains indicate that pelagic
environments were stable over the last few
million years of Cretaceous time., Stable iso-
topic changes in planktonic carbonate shells
suggest a drastic salinity drop or temperature
increase of oceanic surface waters, and a
major shift in the global distribution and
pathways of carbon at extinction time,
followed by a period of evolutionary and en-
vironmental instability. This evidence and
the survival and the blooms of salinity-toler-
ant neritic - phytoplankton taxa immediately
after extinction time support the Arctic in-
Jjection model. Injection of coo0l, low-sa-
linity waters onto the surface of the worid
ocean would result from the reconnection with
the world ocean of a temporarily isolated Arc-
tic basin. Anomalously high iridium concen-
trations measured in boundary clays straddling
the extinction event in several sections, how-
ever, may be interpreted as evidence for a
large meteorite impact, resulting-in the tem-
porary shielding of sunlight by dust. This,
in turn, would have strongly affected photo-
synthesis in plants--the base of the terres-
trial and marine food chains.

0 30 INVITED PAPER
THE JURASSIC. CLIMATE

A. Hallam (University of Birmingham,
Birmingham, England)

Initially, climatic criteria in the
Jurassic stratigraphic record are discussed.
There 1is no convincing evidence of tillites,
and evaporites and coals are considered to be
more reliable than laterites and limestones.
The wide distribution of reef corals, ferns,
non marine reptiles and lungfish, and the
large latitudinal range of many marine inver-
tebrate genera, together with the absence of
tillites, point strongly to the existence of
an- equable climate.. Oxygen isotope data from
belemnites are considered to be untrustworthy.

Climatic changes in space and time are
then discussed. There 1is evidence of a wes-
tern arid and two eastern humid belts in the
supercontinents of Laurasia and Gondwana, with
a slight increase in aridity through the
period. No significant change of global tem-
peratures through time is discernible, except
perhaps a slight tendency towards warming, as
inferred from plant distributions in Eurasia.
The Fischer and Arthur model of cyclic alter-
nations of polytaxic and oligotaxic - episodes
is thought not to apply to the Jurassic.

0 31 INVITED PAPER
GLOBAL TECTONICS AND PALEOCLIMATES

Warren Hamiiton, (U.S. Geological Survey, Den-
ver, Colorado, 80225)

Paleontologic, Tlithologic, and paleomagnetic
indicators show that climatic zones have been
expanded poleward, relative to present -zones,
during most of geologic time, and compressed
equatorward during subordinate coid periods, and
that equatorial climates have varied little.
Each landmass veceived a complex paleoclimatic
record as it moved through waxing and waning
zones.

Little is yet known, however, about circu-
lation of ancient ocean and atmosphere, because
distributions of land and sea are poorly con-
strained. Rifting and collision have operated
throughout at least post-Archean time, so uncer-
tainties in_positions of landmasses multiply
with age. - There are major problems even for
Cretaceous configurations. Great changes in
oceanic circulation and world climate accompan-
ied such minor Cenozoic events as the raising of
the central American connection; similar events
are yet invisible in most of the pre-Cenozoic
record. Valiant published reconstructions are
valid at best only for subassembiies of unknown
relationship to other subassemblies. Migrations
of components of collision aggregates must have
been complex, and continents must have undergone
great internal deformations, but few details are
known. Progress requires integration of paleo-
latitudinal evidence for plate motions with
paleobiogeographic, stratigraphic, petrologic,
and tectonic evidence for plate connections and
interactions.

0 32 INVITED PAPER
CONTINENTAL GLACIATION THROUGH GEOLOGICAL TIME

John C. Crowell (Dept. of Geological Sciences,
University of California, Santa Barbara, CA)

The record of continental glaciation, con-
tained primarily in strata revealing a glacial
imprint, provides clues te times of climatic
refrigeration on Earth extending back as far as
2.5 b.y. The oldest established ice age
(Huronian) occurred in now southern Canada, pri-
marily between 2.2 and 2.4 b.y. ago, and was
suceeded by at least 1250 m.y. without wide-
spread glaciation. Beginning about 950 m.y. ago,
several ice ages ensued: three apparent cul-
minations in the' late Proterozoic, one near the
Ordivician-Silurian transition, a possible ice
age in mid-Devonian times, and a strong ice age
lasting about 90 m.y. in the late Paleoczoic.
From mid-Permian time (about 240 m.y. ago) until
Early Miocene (about 25 m.y. ago) no continental
ice sheets have been documented. We are now
living in the Late Cenozoic Ice Age, but within
and interglacial stage. . -

Data available indicate that the  causes of
these climatic extremes are rooted in terres-
trial changes and not in changes in the heat
flux from the sun. The main cause of climatic
‘changes on Earth is crustal mobility, involving
the movement and rearrangement and freeboard of
continents. Change in world-average sea level,
perhaps resulting from world-average changes in
the rate of seafloor spreading is important.
When continents are sited -in polar regions, they
influence the arrangement of ocean and air
currents. Complex feedbacks in turn, including
albedo changes, bring - about climate change.
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PALEQZOIC DATA FOR THE  CLIMATOLOGIST'S
CONSIDERATION

A. Boucot (Dept. of Geology, OR St.U.,-
Corvallis, OR 97331) J. Gray (Dept. of
Biology, U. of OR, Eugene, OR 97403)

(Sponsor: Thomas M. Usselman}

Global biogeography based chiefly on
shallow-marine benthos, (affords insights into
changirig oceanic circulation patterns) and
carbonate-noncarbonate rock distribution indi-
cating regions of warm and cool climate, re-
spectively. Secondary data are the distribu-
tion of ‘marine evaporites, suggesting arid
regions and redbeds’ indicative of warm
regions. Paleosols  (including kaolinitic
clays, bauxites, manganese deposits, cal-
cretes) help identify warm areas, and some
forms of seasonality. Oceanic regressions and
transgressions onto continents indicate the
percent of surface covered by water ti¥sough
time. Coal distribution (Late Devonian
through Permian) indicates high humidity
regions. Glacial deposits demonstrate two
intervals of highest climatic gradient (latest
Ordovician, Pennsylvanian-Early Permian).
Biogeographic and benthic animal community
information show intervals of moderate to Tow
global climatic gradient. Growth morphology,
growth habits, and anatomy of plant organs can
support climatic inferences related to humid-
ity and seasonality from Devonian onwards.
The apparent advent of higher land plants in
later Ordovician times suggests something
about soil formation, 0z and COp levels.
Location of mountain belt roots provide data
about mountain caused peturbations. Paleowind
data is available for some late Paleozoic
locations.  Sedimentary ' phosphorites provide
data concerning potential upwelling regions
adjacent to continents.

Although the paleogeography is fairly well
known for the continents their relative posi-
tions are speculative. Inadequacy of data for
each time interval 1is partially compensated
for an internally consistent synthesis for the
entire Paleozoic.

Ocean Dynamics of the
Outer Grand Banks
Harbour B

Thursday P.M.

Paul E. LaViolette (NORDA)
and James L. Mueller
(NASA-Goddard), Presiding
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THE NORTH ATLANTIC CURRENT CANNOT BE A BRANCH
OF THE GULF STREAM

L. V. Worthington (Woods Hole Oceanographic
Institution, Woods Hole, Mass. 02543)

It is usually thought that the North Atlantic
Current east of the Grand Banks is a branch of
the Gulf Stream. I demonstrate that the flux
of oxygen in the pycnocline of the North Atlan-—
tic Current exceeds that in the Gulf Stream
pycnocline by 13.64 X 10% % s~!. The only
source that can enrich the Gulf Stream is the
high-oxygen "Mixed Water"; however, the amount
of oxygen in this water cannot sustain this
oxygen drain for more than 30 days.

If the North Atlantic Current is part of a
single, ocean-wide gyre, its waters must return
to low latitudes across the central and eastern
North Atlantic; I show that this requires an
incremental salt flux of 25X 10° g s~!, more
than twelve times the excess salt flux from the
Mediterranean Sea into the North Atlantic.
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THE COLD WATER TROUGH AT THE TAIL OF THE BANKS

R.A. Clarke (Atlantic Oceanographic Laboratory,
Bedford Institute of Oceanography,
Dartmouth, Nova Scotia, B2Y 4A2)

R. Reiniger (Atlantic Oceanographic Laboratory)

(Sponsor: S.D. Smith)

A long, narrow body of cold fresh water is
commonly found stretching to the south-east
from the Tail of the Grand Banks of Newfound-
land along or near the axis of the south-east
Newfoundland Ridge. The feature is bounded
on the ‘south by the joined Gulf Stream/Slope
water currents and on the north by their
continuation, the North Atlantic Current. An
extensivé set of XBT observations plus pro-
filing CTD profiles (Batfish) were obtained in
late May, 1972. These data are analysed to
illustrate the sharp frontal structure and
possible interleaving associated with this
structure. We finally offer some hypothesis
concerning the importance of the- feature in
modifying the water found in the North Atlantic
Current. )
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VARTATIONS IN THE FRONTAL STRUCTURE OF THE
SOUTHEASTERN GRAND BANKS

P.E. La Violette, NORDA, NSTL Station,MS 39529

An examination of ship, aircraft, and
satellite data taken as part of the Grand Banks
Experiment during 1978 and 1979 shows persistent
cyclic patterns present in the meanders, extru-
sions, and eddies which compose the thermal
front between the cold, southward moving
Labrador current water and the warmer, northward
moving Atlantic waters. -Moreover, these cyclic
patterns were found to overlay specific bathy- -~
metric features of the Grand Banks such as: The
Southeast Newfoundland Ridge, the Newfoundland
Sea Mounts, and the Flemish Cap. Oceanographic
surveys using aircraft precision radiation
thermometers and ship and aircraft expendable
bathythermographs show that the strong
horizontal thermal gradients present in the
surface waters extend deeper than 1000 meters.
The present study particularly concentrates on
the cycle of the frontal pattern overlaying the
Southeast Newfoundland Ridge. The satellite
infrared imagery show that although this pattern
expands in a cyclic fashion, it does not seem
to have a definite period. The expansion is
usually in the form of long extrusions of cold
water which possibly blocks, and deflects the
eastward movement of the Gulf Stream. The
extreme persistence of these three cyclic
patterns, their associatiom with thermal
structure as deep as 1000 meters, and their
close alignment with bathymetric features deeper
than 4000 meters, indicate they are not minor
features caused by local wind stress on the
surface layer, but are related to the circu-
lation of the entire water column.
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SUBPOLAR CIRCULATION IN THE NORTH ATLANTIC OCEAN

M. S. McCartney (Woods Hole Oceanographic Insti-
tution, Woods Hole, MA 02543

L. D. Talley (Woods Hole Oceanographic Institu-
tion, Woods Hole, MA 02543

(Sponsor: Ray Schmitt)

An upper water circulation scheme for the
northern North Atlantic Ocean to the north and
east of the Grand Banks is described. The scheme
includes two basic gyres, an anticyclonic gyre
between the Banks and Europe, south of about
52°N, and a cyclonic gyre north of 52°N between
the coast of Labrador and Scotland. The anticy-
clonic gyre is bounded in the west by the North
Atlantic Current. This turns east near 52°N and
forms the boundary between the anticyclonic and
cyclonic gyres. Part of the transport of this
current turns southward to form the anticyclonic
gyre, and a main tracer for this movement is a
family of Mode Water pycnostads similar to the
18° water south of the Gulf Stream, but with
temperatures of 15° to 10°C. The remaining Cur-
rent transport turns north around the Rockall
Bank/Channel, where a 9°C pycnostad is the main
indicator. A bifurcation occurs at the Channel
head, where part enters the Norwegian Sea (Worth-
ington estimates 8 x 105m3s) and part turns
west. The westward branch flows south of the
Greenland-Iceland-Scotland sill system, with the
main axis of flow being above the 1000 to 2000
meter isopaths, and extends all the way to the
Labrador Sea. The main tracer for this movement
is a family of Mode Water pycnostads with temper-
atures of 9° to 3.5°C. The transport system
closes with a southward flow of Labrador Sea
water - the 3.5°C Mode Water. We estimate that
the waxm water to cold water turnover represen—
ted by this system is about 18 Sverdrups, 8 of
which enter the Norwegian Sea, and 10 of which
participate in the 15° to 3.5°C Mode Water con-
version.
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DISTRIBUTION AND CIRCULATION OF LABRADOR SEA
WATER

~. D. Talley {Woods Hole Oceanographic Institu-
tion, Woods Hole, MA 02543)

M. S. McCartney (Woods Hole Oceanographic Insti-
tution, Woods Hole, MA 02543

¢C. H. Pilskaln (Harvard University, Cambridge,
MA  02138)

(Sponsor: Ray Schmitt)

The cyclonic circulation of surface Mode
Waters in the northern North Atlantic ends in the
Labrador Sea where additional cooling and fresh-
ening creates an even denser water mass, the Lab~
rador Sea Water (LSW). The LSW then spreads at
intermediate depths and is found throughout the
northern North Atlantic north of 40°N, the west-
ern North Atlantic north of 34°N and along the
western boundary to 20°N.

The distribution and characteristics of LSW
are mapped using a minimum in potential vorticity,
f/p 3p/9z (with small relative vorticity) as the
primary water mass tracer. Along the core, poten-
tial vorticity, salinity and density increase
away from the Labrador Sea, suggesting the impor-
tance of mixing.

A tentative mid-depth circulation scheme based
on LSW characteristics and inferences from dy-
namic topography shows preferential spreading
from the Labrador Sea along the North Atlantic
and Labrador Currents, and recirculation back
into the Labrador Sea in the northern currents
completing the large cyclonic gyre. An eastward
extension of the Gulf Stream turning southwest
near 45°N, 20°W is also inferred.

The time dependence of LSW formation is seen
in Ocean Weather Station Bravo data from 1964-
1973 which shows a low salinity cap over the Lab-
rador Sea from 1968 to 1971, inhibiting LSW for-
mation. Large heat flux into the atmosphere in
1971-72 removed the fresh cap, allowing LSW for-
mation the following year.
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DIRECT MEASUREMENTS IN THE LABRADOR
CURRENT

D. G. Mountain (Coast Guard Oceanographic Unit,
Washington, D.C. 20590)

Direct current measurements were made at four
locations in the Labrador Current along the eastern
edge of the Grand Banks from August 1978 to June

1979. At 43°52' N and at 45°45' N one mooring was
located near the center of the current and another
18 km to the east on the edge of the current. Each
mooring had two vector averaging current meters
at about 160m and 450m depth.

During the foll and winter the Labrador Current
flowed southward parallel to the isobaths. During
the spring the southward velocity ot all of the current
meters steadily decreased over a month long period
until the Labrador Current reversed direction and
flowed northward over intervals of up to 15 days
duration.

The variations of the current are characterized at
subinertial frequencies by spectra that are red. They
exhibit high vertical coherence, but low horizontal
coherence which precludes the making of transport
estimates. The current variations are not signifi-
cantly coherent (80% level) with the local wind stress
or atmospheric pressure varigtions. However, the
reversal of the Labrador Current in the spring was
lLikely related to observed large scale atmospheric
pressure changes.
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C. R. McClain {MASA/CGuddzrd Space Flight Center,
Greenbelt, MD  20771)

P. E. LaViolelie (RORDA, NSTL Station, Ms  39529)

W, D. Hart (Science ms and Applications,
Inc., Lanham, MD 2 )
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SPACEBORNE RADAR MEASUREMENTS OVER THE OUTER
GRAND BANKS

L.S. Fedor (Wave Propagation Laboratory, NOAA,
BouTder, CO 80303)
G. S. Brown (Applied Science Associates, Apex,

N.C.
Paul E. LaViolette (Naval Ocean Research and
Development Activity, NSTL Station, MS)

This paper presents preliminary analyses of
SEASAT radar altimeter measurements obtained over
the Grand Banks area. The purpose of this study
is to determine the impact of complex frontal
and bathymetric structure on spaceborne radar
altimeter measurements. The study is unique in
that it examines variations in sea surface
height, waveheight, and backscattered power as
recorded by the altimeter. Furthermore, these
measurement variations are correlated, where
possible, with thermal signature data obtained
from spaceborne visible and infrared imagery.
While previous investigations have studied the
effects of thermal boundaries upon sea surface
height measurements, this represents the first
effort to determine the impact upon waveheight
and backscattered power measurements. With the
three independent altimeter measurements, it is
felt that variations in these measurements can
be related to specific geophysical effects.

The study was significantly aided by the frozen
orbit of SEASAT wherein a groundtrack was
repeated every three days.
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COMBINED ACTIVE-PASSIVE MICROWAVE
MEASUREMENTS OF THE SEA SURFACE IN THE GRAND
BANKS FRONTAL REGION

V.E. Delnore, Kentron International, Inc.,
Hampton, VA 23665

R.F. Harrington,

W.L. Jones, and

C.T. Swift, NASA Langley Research Center,
Hampton, VA 23665

This page may be freely copied

As part of an effort to develop all-weather-
day/night techniques to remotely sense oceano-
graphic parameters important in air-sea inter-
action, a NASA research aircraft equipped with
a radar scatterometer and a stepped-frequency
microwave radiometer overflew the Grand Banks
oceanic front region. The flight was made to
coincide with ship observations and with
environmental satellite passes.

A discussion of the scatterometer and radio-
meter measurements is presented, with emphasis
on the techniques and advantages of a combined
active-passive airborne survey. The oceanic
front is clearly discernible in the measurements.

The scatterometer responds to the radar
scattering coefficient of the sea surface, from
which near-surface wind velocities are inferred.
The radiometer measures the microwave brightness
temperature at various frequencies, from which
sea surface temperature can be calculated. The
data sets are independent; however, analysis of
the two are coupled through the second order
dependence of the brightness temperature on
wind speed.
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OBSERVATIONS OF TOPOGRAPHIC ROSSBY WAVES IN THE
LABRADOR CURRENT

A.A. Allen (Northeast Fisheries Center, NMFS,
Woods Hole, Mass. 02543)
(Sponsor: W. R. Wright)

A current meter array was placed on the lower
continental slope off Hopedale, Labrador, during
March 1976 by the Bedford Institute, N.S. The
array, combined with 27 CTD stations, provided
information on the spatial and temporal varia-
bility at the offshore edge of the Labrador Cur-
rent and estimates of volume transport. The
current regime contained the southward flowing
surface (30-50 cm/s) and bottom (20-40 cm/s)
boundary currents - the Labrador Current and the
Denmark Strait Overflow. Offshore at the 3000
m isobath a rather unexpected persistent north-
ward flow (10-30 cm/s) was found. Moreover,
large amplitude (+ 23 cm/s), low-frequency (8-
10 days) fluctuations dominated the mean cur-
rents, producing periods of strong steady flow,
interspersed with periods of weak, highly vari-
able flow which often contained complete rever-
sals, An offshore phase speed of 16-19 cm/s of
the major fluctuations was apparently due to
weakly bottom-trapped topographic Rossby waves
at 8-10 d periods. The enhancement of the
surface fluctuations which lagged the bottom
fluctuations by 22-34 hr was due to a positive
interaction of the 8-10 d topographic Rossby
waves with the baroclinic surface currents.
Additional evidence of this positive interaction
was found in the 5 successive CTD séctions along
the mooring line. The observed baroclinic sur-
face velocity field varied in phase with the
8-10 d topographic Rossby waves. The presence
of large short-term fluctuations in the current
will tend to mask any longer-period (seasonal,
year-to-year) variations in the flow of the
Labrador Current. Therefore, the use of a
single annual hydrographic section for estab-
lishing flow must be used with caution.
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NUTRIENT DISTRIBUTIONS IN THE LABRADOR
CURRENT

J.

N. Lazier

Coote (both at: Bedford Institute of
Oceanography, Box 1006, Dartmouth, N.S.,
Canada, B2Y 4A2)

The values of nitrate, silicate and
phosphate in the water over the Labrador
continental shelf- are higher, at the same
densities, than in the waters upstream in the
Baffin Island Current, due to mixing with
nutrient-rich drainage and intermediate
waters in Hudson Strait and Ungava Bay. These
higher values remain relatively constant from
Cape Chidley to the Strait of Belle Isle.

This is partially due to the strong jet-like
part of the Labrador Current, centered over
the continental slope, that restricts
exchange between the waters of the shelf and
the deep sea. High nutrient and low oxygen
values were found in one of the deep isolated
depressions of the marginal trough, indicating
local enrichment and recent renewal.
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CONTQURITES IN LAKE SUPERIOR

JOHNSON, Thomas C. (Department of Geology and
Geophysics, University of Minnesota, Minneapolis,
MN 55455)

CARLSON, Thomas W. (Department of Geology and
Geophysics, University of Minnesota, Minneapolis,
MN 55455)

EVANS, James E. (Department of Geology and Geo-
physics, University of Minnesota, Minneapolis,
MN  55455)

{Sponsor: Clem Chase)

Contourites are accumulating in an area 15 km
wide and 65 km long at the base of the slope off
the Keweenaw Peninsula in Lake Superior. Seismic
reflection profiles (3.5 kHz) from this area are
not typical of those found elsewhere in the lake.
The profiles show distinct wavy reflectors in a
scoured trough at a depth of 200 m at the base of
the slope, hyperbolic echoes adjacent to the
trough, and overlapping echoes farther lakeward.
These acoustic features are identical to those
found in marine environments where contourites
are deposited. Box cores from the lakeward margin
of this area contain irregular, thin sand layers
with sharp upper and lower contacts, interbedded
with sandy clays. The sandy clays are trough
cross laminated in some horizons, and plain
laminated in‘others. During periods of strong,
steady winds, particularly in spring or fall
when the water column is isothermal, we suspect
that the Keweenaw current accelerates and ex-
tends to the lake floor 200 m below, where it
winnows the sediment in some areas, and rede-
posits eroded material in nearby waves and
mounds. This is the first report of contourites
in a lacustrine environment.
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NEAR-BOTTOM SUSPENDED SEDIMENT
GRAIN-SIZE DISTRIBUTIONS
IN LAKE MICHIGAN

N. Hawley (Department of Atmospheric and
Oceanic Sciences, University of Michi-
gan, Ann Arbor, MI 48109)

Examination of the grain-size distri-
butions of suspended sediments collected
from 1,3,5, and 10 m above the bottom of
Lake Michigan reveals significant differ-
ences from the size variations with
depth predicted using a non-cohesive
sediment model (the Rouse equation).
Most samples show an enrichment in the
larger sizes near the bottom, suggesting
that aggregation occurs. Other samples,
however, show an enrichment of the
smaller sizes, indicating rupture of the
larger particles. In order to investi—
gate the deposition and transport of
these particles, a one-dimensional
numerical model which incorporates both
particle aggregation and rupture has
been constructed. Sediment properties,
including shear strength, fall velocity,
and density, have been calculated as a
function of size from the available
literature. The results of this model
suggest that particle aggregation and
rupture are processes which signifi-
cantly affect the size distribution of
suspended particles near the bottom.
Results to date indicate that the
efficiency of inter-particle collisions
in forming larger particles is consid-
erably less than 100%, and that particle
rupture occurs at shears lower than
those previously reported. The effects
of varying particle characteristics are
examined and the implications for de-
position are discussed.
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GEOCHEMICAL PROCESSES INFLUENCING SUSPENDED PAR-
TICULATE AND BOTTOM SEDIMENT COMPOSITION IN LAKE
MICHIGAN

Robert M. Owen (both at: Dept. Atmos. & Oceanic
Sci., U. of Michigan, Ann Arbor, MI, 48109)

Water and surface sediment samples were col-
lected at six stations along a transect across
the southern basin of Lake Michigan to determine
the influence of physical and geochemical pro-
cesses upon thé composition of both settling par-
ticulate matter and bottom sediments. Filtered
particulate matter and bottom sediments were
extracted in an acid-reducing agent and comcen-
trations of Ca, Cr, Fe, Mg, and Mn were deter-
mined by atomic absorption spectrophotometry
(AAS). Transparency, total suspended matter,
and particle grain-size profiles in the water
column suggest formation of aggregates in surface
waters and release of associated fine-grained
mineral matter at mid-depth. The accelerated
sinking of fine particles by this mechanism pro-
duces enriched concentrations of primarily Fe,
Mg, and Mn in near-bottom particulates. Profiles
of the ratio of Ca/Mg indicate formation of a
high Mg-calcite on settling carbonate minerals.
Mean concentrations of Fe, Mn, and Mg were en-
riched and Cr depleted in bottom sediments rela-
tive to suspended particulate matter by nearly
an order of magnitude. These data strongly sug-
gest that the. composition of bottom sediments
primarily reflects post-depositional processes.
Furthermore, enhanced heavy metal concentrations
in surface sediments are probably poor indicators
of the accumulation of anthropogenic inputs to
aquatic systems.
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USE OF STEROLS AS INDICATORS OF SOQURCE INPUT
CHANGES IN GREAT LAKES SEDIMENT

M.J. Leenheer (Department of Atrmospheric and
Oceanic Science, The University of Michigan,
Ann Arbor, Michigan 48109)

P.A. Meyers (Department of Atmospheric and
Oceanic Science, The University of Michigan,
Ann Arbor, Michigan 48109)

Sterol distributionsin subaqueous seq*ments
provide information about changes in organic
matter sources and about postdepositional
alteration processes which have occurred in
sediments. We have determined the amounts and
types of sterols present in two sediment cores
and in selected samples representing potential
sources of the sterols found in sediments.

The sediment cores record the most recent 500
years of Lake Huron and 1000 years of Lake
Michigan Holocene deposition. Potential source
input samples include freshwater plankton sam-
ples and soil samples obtained from an eroding
shoreline bluff. Sterols were examined in two
sample extracts: 1) unbound stgrols obtained
by solvent extraction and 2) bound sterols re=
leased by alkaline hydrolysis of the sample.
The unbound fractions.contain significantly
more sterols than the bound extracts. Sterol
distributions in plankton samples are generally
dominated by C,. sterols while those of the~
soil samples cOntain higher proportions of C.
sterols. In the sediment.the concentrations
of individual sterols decrease with depth ex-—
cept for those of bound stanols, indicating a
general degradation except where preserved by
reduction and incorxporation into humic matter.
Relative proportions of sterols indicative of
aquatic source input and those indicative of
terrigenous input change with sediment depth.
These variations may reflect selective degra-
dation of different types of sterols or they
may record changes in organic matter sources
to the Great Lakes.
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MULTICHANNEL RESULTS — CAPE BASIN

James A, Austin, Jr. (University of Texas
Marine Science Institute, 700 The Strand,
Galveston, TX 77550)

Elazar Uchupi (Dept. of Geology and Geophysics,
Woods Hole Oceanographic Institution, Woods
Hole, MA 02543)

Prominent acoustic horizons are identified
beneath the passive continental margin off
southwest Africa using 3400 km of 12- and 24-
fold multichannel seismic data collected by
UTMSI during an IPOD site survey program in the
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Angola and Cape basins. One of these horizons,
"ATI" (Emery et al, 1975), has been previously
observed on single-channel profiles and corre-
lated with the geology sampled by DSDP hole
361. "AIT" appears to mark the boundary be-
tween late Early Cretaceous carbonaceous sandy
mudstones/sandstones and Upper Cretaceous
shales.

On the multichannel profiles, "AII" resem-
bles a topset horizon overlying a sequence of
gently seaward-dipping foreset deposits which
thin basinward and bury inferred oceanic base-
ment in the Cape Basin. Both the seismic and
available stratigraphic information suggest
that the pre-"AII" section is a deltaic and/or
submarine fan complex, and it may mark the first
major episode of '"drift" sedimentation following
the Early Cretaceous separation of Africa and
South America.

The gas potential of the pre-"AII" sequence is
good because of its high terrestrial organic
carbon content and updip terminations against
"AII." However, optimum drilling targets appear
to be in deep water beneath the continental
slope.
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GEOLOGIC OBSERVATIONS IN THE HELLENIC TRENCHES
FROM THE SUBMERSIBLE "CYANA"

HEAT-CYANA Scientific Team (X. LePichon, J.
Angelier, J. Boulin, D. Bureau, J.P. Cadet,
A, Chapel, J. Dercourt, G. Glacon, H. Got,
D.E. Karig, N. Lyberis, J. Mascle, L.E.
Ricou, F. Thiebault). .

Fifteen dives in the submersible "Cyana" were
made within three areas of the Hellenic trench
system, both along the WNW trending Ionian sec-—
tion,, where northeasterly subduction is domi-
nant, and along the NE-trending Strabo trench,
which is a left-lateral strike slip feature.

The 10 dives made in area 2, south of Crete,
provide the most data concerning recent tecton—
ism. Although preceeding reflection profiles
displayed a typical ridge-basin pattern on the
inner (N) slope, very little evidence of active
tectonism was observed there. Rather, northward
vergent thrusting on the outer (S) slope appears
to accommodate most plate shortening. This de-
formation is most intense as the base of the
outer slope, dying out within several km to the
south. Surficial calcareous crusts serve as
passive strain markers to delineate this defor-
mation. Only post-Messinian calcareous pelagics
and, probably, sections of Messinian strata were
observed to be involved in deformation and ac-
cretion on the lower slopes. Large cavernous
cliffs and circular uplifts were attributed to
Messinian evaporitic units. Recent sedimenta-
tion on both slope and in the trench axis is
dominated by rapidly deposited pelagic calcareous
mud. Downslope movement of surficial sediment
is very common, occurring as thin slides, but
there is very little evidence for gravitational
transport of the older accreted sediments. The
morphological pattern of joints and faults is
compatible with subduction of the Mediterranean

© floor toward the northeast, but it is compli-

cated by Messinian diapirism and apparently by
deformation within the thick pre-Messinian
strata,
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MORE EVIDENCE FROM THE DEEP SEA ON THE DEPTH
OF GLACIAL EROSION IN NORTH AMERICA

M. Bell (Dept. of Earth and Environmental
Sciences, Wesleyan University, Middletown,
Conn. 06547}

E.P. Laine (Graduate School of Oceanography,
University of Rhode Island, Narragansett,
Rhode Island 02881)

(Sponsor: Margaret Leinen)

Interpretation of seismic reflection pro-
files from the Sigsbee Abyssal Plain, the
Northern Guif of Mexico, and the Mississippi
Fan has led to a minimum estimate of the vol-
ume of glacial age sediment (<3.0 my) derived
from the Mississippi River. Corrections have
been made for the contributions of other
rivers debouching into the Guif of Mexico,
biogenic calcium carbonate, and fluvially
eroded sediments. This estimate of the vol-
ume of glacially eroded sediment in the Gulf
of Mexico is combined with similar estimates
for the western North Atlantic Ocean, and
Laurentian Cone, the Arctic Ocean, and the
Beaufort Sea. The result indicates between
100 and 150 meters of solid rock has been
stripped from North America by continental
glaciation.
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CARIBBEAN FRACTURE ZONES: CLUES TO
CARIBBEAN TECTONIC EVOLUTION

W. D. MacDonald (Dept. of Geological
Sciences, State University of New York,
Binghamton, N.Y. 13901)

At least two families of fracture zones are
found in the Caribbean. The Cayman system,
bordering the Cayman trough, may be no older
than Late Tertiary. Its pole has been re-
estimated by a least-squares method at 19.48
074.6W. Changes in curvature along the Cayman
fracture zones indicate a migration of the pole
of relative rotation in late Tertiary time.

The present Cayman pole lies about 30° fram
published CARB/NOAM instantaneous poles, for
which several explanations are feasible. An
older family of fracture zones, the Hess system,
is identified by fracture zones concentric about
the best-fit pole of the Hess escarpment; that
pole is 53.6N 117.7W. The Hess system is pro—
bably late Cretaceous and trends ENE across the
Colombian and Venezuelan basins. This tectonic
fabric suggests an ENE-WSW spreading direction
for these basins, in conflict with published
spreading interpretations in both basins

based on magnetic anamalies, Explanations are
suggested for these apparent conflicts, and
suggestions are made for future oceanographic
geophysical research.
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INITIAL RESULTS OF A SEABEAM SWATH MAPPING
SURVEY OFF NORTHERN CALIFORNIA AND OREGON

R. Embley (A1l at: National Ocean Survey, NOAA,
Rockville, MD 20852)

A. Malahoff

S. Hammond

A multibeam swath mapping sonar system, SEABEAM,
has now been installed aboard the NOAA Ship
SURVEYOR. From February to April 1980, a cruise
will have been undertaken off the coasts of
Oregon and California to both test and calibrate
the SEABEAM system and to conduct a multi-faceted
geological and geophysical survey of the Southern
Gorda ridge, Mendocino fracture zone, and Gorda
basin. In addition, several reconnaissance
Tines will be run over the Blanco fracture zone,
Blanco gap, and the Cascadia basin in preparation
for a continuing study of the tectonics of the
northwest Pacific by the National Ocean Survey
in cooperation with scientists from several
academic research institutions. Initial results
from several overlapping swaths across the
California continental slope between 370 and 380N
show that SEABEAM is capable of reliable mapping
of seafloor features having wavelengths of about
5m in as much as State 5 seas. Navigational
control is provided by digital Raydist and
Loran-C supplemented by satellite positions.
Preliminary interpretation of seismic reflection
profiles and the real-time SEABEAM contour maps
indicate that the continental slope off centra
California appears to be marked by numerous
sediment slides tens of kilometers long and up
to 300 meters in width.

Ocean Climate Scale
Variability

Metropolitan Centre

Friday A.M.

James Baker (Univ. of
Washington), and George
Needler (Bedford Institute),
Presiding
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ACOUSTICS AND ALTIMETRY FOR GLOBAL OCEAN
MEASUREMENT

C. Wunsch (Department of Earth & Planet. Sci.,
Massachusetts Institute of Technology,
Cambridge, Mass. 02139

Measurement of the ocean for understanding its
dynamics and for determining the climatological
consequences requires observations of a global
fluid such that the smallest energetic spatial
scales are resolved. One must observe spatial

scales as small as the baroclinic Rossby radius
of deformation for long periods. The situation
is closely analogous to that faced in observing
the atmosphere, but by comparison, the cceanic
data base is woefully inadequate. Preliminary
experiments of the past two years suggest a po-
tential solution. Studies of the Seasat alti-
meter data set show that this form of instrument
is capable of determining with useful accuracy
both time-independent and time-dependent geo-
strophic surface flows. Present uncertainties
in the mean general circulation are translatable
into surface slope uncertainties exceeding 25cm
over spatial scales of 300 km and longer. These
are accessible with realizable improvements in
the marine geoid. Temporal variability of the
circulation is measureable at the less-than-
10cm-value over all scales. Preliminary ex-—
periments with acoustic tomography have shown
that three-dimensional density field fluctua-
tions are measureable with useful accuracy over
long distances. Thus tomography is a system
with attractive economics for large-scale deter-—
mination of baroclinic fluctuations in the ocean
on spatial scales exceeding about 50 km. With
the navigational accuracy of the Global Posi-
tioning System (GPS) tomography could be done
from ships as well as from moorings covering
very large areas of ocean in a few days. Com-
bined altimetry/tomography could provide a
global scale system in which the mass field was
determined acoustically and the geostrophic
reference velocity was determined from the al-
timetry providing a system comparable to the
present global weather net.
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MONITORING CLIMATE SCALE VARIABILITY IN
THE OCEANS FROM SPACE

Robert Stewart (Scripps Inst. Ccean-
ography, La Jolla,CA, 92093)

The primary oceanographic variables of
interest to climatology, e.g. heat
fluxes, transport, and storage, cannot
be observed from space. Instead, other
related variables are observed, e.d.
surface temperature, wind speed, cur-
rents; and even these observations are
subject to relatively large, systematic
errors.

This leads to two distinctly different
measurement strategies: i)make accurate
measurements and thoroughly understand
their errors, or ii)accept inaccurate
observations and directly correlate
these with climate, e.g. use upwelling
radiance (associated with surface temp-
erature) in correlations with other
climate variables.

In either case, the long-term monitor-
ing of these variables requires very ac-—
curate calibrations of the instruments,
and thorough documentation of their
performance and the analysis of their
data.

The secondary oceanic variables now
measured from space include: i)sea-
surface temperature, ii)wind speed,
iii)surface currents, iv)ice boundaries,
and v)the positions of thermal features.
None have been observed for long times,
and the most important, sea-surface
temperature, has large, systematic
errors,
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OCEANOGRAPHIC INSTRUMENTATION FOR THE CLIMATE
PROBLEM

Richard I. Scarlet (EG&G, Environmental
Consultants, Waltham, MA 02154

In-situ ocean measurements on a global scale
are limited by the cost and logistics of pre-
sent. oceanographic instrumentation. These lim-
itations result from the cost of ship time to
deploy and maintain instruments, limited data
storage capacity of instruments, minimal data
transmission capability of present instruments,
and the requirement for highly trained crews to
deploy and operate the instruments.

Instrumentation developments presently in
progress promise to alleviate many of these
problems. The devetopments include: air de-
ployable moorings, telemetering moorings,
greatly increased storage capacity and sur-
vivability of in-situ instruments, and new
generations of instruments suitable for routine
use on ships of opportunity. These develop-
ments are reviewed and the implications of
these technologies to the global climate mea-
suring problem are discussed.
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PHYSICAL PROCESSES INVOLVED IN THE HEAT BUDGET
OF THE UPPER OCEAN

J.C. McWilliams (National Center for Atmospheric
Research, Boulder, Colorado 80307)

A broad survey is made of our present knowledge
of the component processes in the heat budget of
the upper layers of the ocean (i.e., latent sen-
sible and radiative heat fluxes through the
noviface, lateral advective transports, sensible
heat fluxes through the pycnocline, and changes
in local heat storage) on time scales from
seasonal to decadal and space scales from 1000
T to global. Magnitudes of these guantities
are estimated on a regional basis. Some sug-
gestions are made for future experiments on
these processes in order to complement ocean
climate monitoring.

0 59

A PILOT MONITORING SYSTEM FOR EL NINO

James J. O'Brien (Department of Oceanography,
Tlorida State University, Tallahassee, FL
32306)

It is suggested that the interannual varia-
tions of the zonal winds between 145°W and
175°FE and within 5° of the equator are respon-
sible for triggering El Nifio. According to
Wrytki (1975), E1 Nifio is preceeded by strong
southeast trades which accumulate water in the
western Pacific. This precursor may be moni-
tored from the existing sea level network or in
the late 1980°’s by the proposed NASA satellite,
TOPEX. If the southeast trades then weaken in
the central Pacific, an internal downwelling
Kelvin wave will be excited (Hurlburt, Kindle
& 0'Brien, 1976) which will strengthen poleward
currents along the coast of South America.
These will advect poleward,water of equatorial
origin.

In Goldenberg & O'Brien (1980), we show that
the central Pacific region, mentioned above,
exhibits a maximum amount of interannual energy
(periods longer than 20 months) in the zonal
wind stress. Kindle (1979) has calculated a
complete E1 Nifio simulation based on the weaken-
ing of winds in this central Pacific region.
Busalacchi & O'Brien (1880) have shown that
the seasonal wind field can simulate the
seasonal variability of the tropical Pacific
surface currents. .

If the proposed NASA satellite, NOSS, can
measure surface winds, then the scientific com-
munity can monitor the zonal winds in this
small equatorial region on a weekly or monthly
time scale and search for events which could
trigger El Nifio. If rapid data analysis is
available, a 2~3 month forecast of possible
El Nifio events could be predicted.
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SYNOPTIC ESTIMATES OF A!R-SEA FLUXES

R.F. Marsden (Depariment of Oceanography,

University of British Columbia, Vancouver,
B.C. V6T 1W5)
§. Pond

Synoptically averaged wind, temperature and
humidity data were used to examine the effect
on the calculation of bulk surface momentum,
latent heat and sensible heat fluxes. The data
consisted of 10 to 21 years of three-houriy
sea surface meteorological observations from
9 weatherships on the North Atlantic Ocean
and 2 weatherships on the North Pacific Ocean.
By grouping according to wind speed category.
and applying a muitivariate regression, a
series of characteristic curves were found
quantifying the ratio of the averaged and
directly determined flux values. Significant
corrections (>25%) were found for averaging
lengths greater than 1/2 day and moderate
winds. Residual errors were reduced from
maximum values of 40 to 50% of the 3H vari-
ance with no correction applied to less than
10% of the 3H variance with the appiication
of corrections. The temperate latitude
corrections could be geographically averaged
with little loss in accuracy. An empirical
formula was found which adequately predicted
the corrections and facilitated appiication
of the technique.
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A RELATION BETWEEN THE T/S CURVE AND
GLOBAL HEAT AND ATMOSPHERIC WATER
TRANSPORTS

H.M. Stommel (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543)
G.T. Csanady (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543)

From historical data on the distribu-
tion of temperature and salinity on
vertical sections across the oceans over
complete latitude circles it is possible
to test the compatibility of certain
meteorologically determined meridional
fluxes in the ocean of sensible heat and
fresh water, as functions of latitude.
It is also possible to check the propor-
tion of this flux that each ocean basin
carries separately.

The information from both these sources
leads to estimates of the magnitudes and
distribution of the meridional oceanic
mass flux over the salinity-temperature
plane, and yields some indication of the
probable physical processes operating
(e.g. isopycnal mixing vs. large-scale
advective currents).
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OCEAN MODELS AND POLEWARD HEAT TRANSPORT

K. Bryan (GFDL/NOAA, Princeton, NJ 08540)
P. Delecluse {(GFD Program, Princeton University,
Princeton, NJ 08540)

Estimates of poleward heat transport by ocean
currents vary considerably in magnitude, but
agreement exists that ocean heat transport is
of the same order as atmospheric transport, and
in the Northern Hemisphere it is a maximum in
low latitudes. Numerical experiments show that
the poleward flow of surface waters in the
Ekman layer compensated by a return flow in the
main thermocline is a viable mechanism for
accounting for a large fraction of the poleward
heat transport at low latitudes. At middle and
higher latitudes the situation 1s more complex.
Transient eddies and the large standing hori-
zontal gyres may be important. FEkman transport
in the region of the atmospheric westerlies
actually inhibits poleward heat transport by
forcing warm surface waters toward the equator.
The "roaring forties" of the Southern Hemi-
sphere are particularly effective in this
respect. At very high latitudes the models
suggest that direct thermohaline circulations
are increasingly important.

The following explanation is offered to
explain the observed fact that the heat trans—
port by the Northern Hemisphere oceans is
strongest at low latitudes. At low latitudes
wind and thermohaline effects cooperate to
transport heat poleward, while at higher lati-
tudes these two effects tend to oppose each
other.
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ESTIMATION OF HEAT FLUX IN THE NORTH ATLANTIC BY
INVERSE METHODS

Dean H. Roemmich (Woods Hole Oceanographic Ins-—
titution, Woods Hole MA 02543)

Meridional heat flux in the North Atlantic is
calculated from hydrographic data using geostro-
phic velocities and observed temperatures at 24°N,
36°N, and 48°N. Reference level velocities are
obtained by the inverse method (Wunsch, 1978,
Roemmich, 1978), with mass and salt conserved in
14 layers separated by isopycnal suxrfaces. The
indeterminacy of the inverse problem may be ex-
pressed as a dependence of the solution on the
initial reference level, or equivalently, as an
inability to resolve small scales in the data.

In the heat flux calculation, the best reso-
lution is found at 24°N and the worst at 48°N.
Inclusion of ageostrophic contributions leads

to estimates of the total heat flux of

120 x 10'? watts at 24°N and 80 % 10'? watts at
36°N. At 48°N, the heat flux appears to be small.
Uncertainties in the estimates are discussed.
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UPPER OCEAN MODELS FOR CLIMATE STUDIES

‘
J. R. Miller {Department of Meteor-
ology & Physical Oceanography, Cook
College, Rutgers University,

New Brunswick, N.J, 08903)

Energy balance climate models have been
used to conduct sensitivity experiments such
as determining the effect of atmospheric €0,
increases. The approach to equilibrium can
vary significantly depending on how the
coupling with the upper ocean is parameter-
ized. The purpose of this study is to com-
vare previous parameterizations with hydro- ¢
graphic data along a meridional section in
the central Pacific and to suggest a
hierarchy of simple models that could be
used to improve these parameterizations.
The thickness of the upper oceanic layer
that is allowed to interact with the
atmosphere is a crucial parameter, This
thickness can be specified in terms of
deepest mixed-layer depth or by analysis
of the spectral signature when a suffi-~
ciently long time series is available.
Climatological two-layer and three-layer
models, with time-varying upper layers
but fixed total depths, are developed
based on the observational data. -A two-
tayer empirical model in which the upper
Tayer depth is a function of sea-surface
temperature can be easily modified to
account for changes in climatic regimes.
Finally a mixed-layer model is developed
to reproduce the observed features as
functions of surface heat fluxes and
wind stress. These simple models should
be of use to climate modelers who seek
more realistic parameterizations of the
coupled ocean-atmosphere system.

0 €5

HEAT BUDGET OF TROPICAL OCEAN AND ATMORPHERE

Stefan Hastenrath (Meteorology Department,
University of Wisconsin, Madison, WI 53706)

Heat budget estimates for the global tropics
are derived from recent calculations of the
oceanic heat budget and satellite measurements
of net radiation at the top of the atmosphere.
Oceanic meridional heat transport in the Pacifie
is directed from the tropics into either hemi-
sphere; in the Atlantic it is northward from
high southern latitudes all the way to the
arctic; and it is directed southward in the
Indian Ocean. Oceanic heat Bain in the Pacific
offsets deficits in the higher southern lati-
tudes of the Atlantic and Indian Ocean sectors,
as well as in the Atlantic as a whole. Meridi-
onal heat transport for all oceans combined is
largest around 30°N and 25°S, where it accounts
for 53 and 35% of the total poleward transport.
Atmospheric transport is largest and effects the
bulk of the total transport in midlatitudes,

Appreciably different estimates of net radia-
tion at the top of the atmosphere, and of ocean~
ic and atmospheric heat export must be regarded
as compatible within the broad error limits in-
dicated at present for all three terms.
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OCEAN HEAT TRANSPORT AT 25°N IN THE ATLANTIC

Mindy M. Hall (Woods Hole Oceanographic Ins-
titution, Woods Hole, Mass. 02543)
Harry L. Bryden (Woods Hole Oceanographic Ins-
titution, Woods Hole, Mass. 02543)

We recently estimated ocean heat transgort in
the Atlantic across 25°N to be 1.1 X 10'°W north-
ward. Error analysis indicates that the eddy
contribution, defined as that due to deviations
in temperature and meridional velocities from
their zonally-averaged values, causes the lar-
gest uncertainty in our estimate of heat trans-
port. While the net eddy contribution is.only
.02 x 103w, its uncertainty is * .25 x 10'°W.
Direct current and temperature measurements across
28°N also indicate that the net eddy contribution
is small in this region. The meridional circu-
lation implied by our procedure is similar to
that proposed by Worthington but with substan-.
tially greater southward flow in the cold
(< 4°C) deep water.

Our estimate and other direct estimates of
ocean heat transport in the Atlantic agree rea-
sonably well with indirect estimates derived
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from Bunker's charts of air-sea exchange. While
it is difficult to compare these values with
those obtained from satellite radiation meas-
urements and atmospheric transport estimates
because of the lac$ of knowledge of ocean heat
transport in the Pacific, the satellite-derived
estimates appear to be too large by a factor of
almost 2, To make the comparison properly, a
deep hydrographic section across the Pacific
and a good estimate of Kuroshio transport at 25°N
is needed to complement our direct estimate in
the Atlantic.
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THE COLOR OF THE OCEANS AS A STABILIZING FACTOR
FOR THE EARTH AGATNST RUN-AWAY TEMPERATURE
EXTREMES

Michael D. Papagiannis, Dept. of Astroncmy
Boston University, Boston, MA 02215

Changes in the Earth's albedo, such as those
produced by the expansion or retreat of ice
coverage, tend to reinforce themselves and thus
lead either to a run-away glaciation or to a
run-away greenhouse effect, in either case, with
disastrous consequences for life on Earth.
Changes of the cloud coverage with temperature,
or changes of the sea-level and hence of the
exposed land area with glaciation' could change
the albedo in the opposite direction and thus
reverse these trends. 2An important contribution
could also came fram changes in the color of the
oceans with temperature, a global effect whi~h
we are currently investigating. Since the
oceans cover more than 70% of our planet, a mere
10% change in their albedo due to a small varia-.
tion in their color, would change the average
temperature of the Earth by about 4°K, which

is more than the estimated decrease in the aver-
age temperature of the Earth during an ice age.
Thus, if the oceans would turn darker when it
gets ‘colder and lighter when it gets warmer,
they would provide an excellent safety mechanism
against major temperature changes. Supporting
such an effect of temperature on the color of
the oceans is the observation that warmer seas
tend to have lighter colors (Caribbean, Medi-
terranean, etc.), while colder seas tend to
have darker colors (Northern Atlantic, Black
\Sea, etc.). Long-term temperature changes

have a distinct effect on the kinds of micro-
organisms and phytoplankton that live in the
seas, which in turn represent a significant
factor in determining the color of the seas.

It is thus possible that life on Earth is
making a substantial contribution toward its

own survival by stabilizing our planet against
run-away temperature extremes.

Lagranian and Eulerian
Studies of Ocean Cur-
rents

Harbour B

Friday A.M.

Philip Richardson (Woods
Hole Oceanographic Institu-
tion), Presiding
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SOFAR FLOATS IN THE POLYMODE LOCAL DYNAMICS
EXPERIMENT

James F. Price (Woods Hole Oceanographic Insti-
tution, Woods ‘Hole, MA 02543) -

H. Thomas Rossby (University of Rhode Island,
Kingston, RI 02881)

SOFAR floats deployed during the POLYMODE
Local Dynamics Experiment produced a unique set
of coherent, deep ocean Lagrangian measurements.
Approximately 18 floats were set at 700 m and at
1300 m depths, with nearest neighbors at 30 km
distance.

While the arrays remained intact, the data
may be used to estimate the potential vorticity
balance. The most striking motion at 1300 m
depth was an oscillatory flow over gentle, large
scale topography. Potential vorticity balance
was achieved by the beta effect and topographi-
cally induced stretching acting in phase to

hange the relative vorticity. The time and
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space scales of this motion match the correspon-
ding barotropic, planetary/topographic plane
wave dispersion relation.

The rate of breakup of the arrays is a mea-
sure of horizontal diffusivity. Two-particle
relative dispersion statistics at both levels
are consistent with the predictions from two-
dimensional turbulence theory; for neighbor
separation, D £ 100 km, relative dispersion in-
creases approximately as D2, The magnitude of
the relative dispersion scales approximately
with the velocity variance.
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"SATELLITE TRACKED DRIFTING BUOY OBSERVATIONS OF
THE NORTH PACIFIC SUBTROPICAL GYRE"

G. J. McNally (Scripps Institution of Oceanography

University of California, San Diego 92093)

W. C. Patzert (Scripps Institution of Oceanography

University of California, San Diego, 92093}
(Sponsor: Witliam Patzert)

From June 1976 through February 1979, satellite

tracked drifting buoys have been deployed through-

out the North Pacific as part of various NORPAX
investigations. Drifters have been deployed off
the southern tip of the Japanese Island of Honshu
in the Kuroshio, the mid-latitude eastern North
Pacific, off the California Coast and in the
Tropical Pacific parts of Hawaii. The sum of all
the drifter trajectories provide a unigue picture
of the large-scale flow around the North Pacific
Subtropical Gyre. Examinations of the details of
these trajectories reveal mesoscale energetics
whase characteristic time and space scales differ
around the gyre.

070

GULF STREAM PATH MEASURED WITH FREE-DRIFTING
BUOYS

P. L. Richardson (Woods Hole Oceanographic In-
stitution, Woods Hole, MA 02543}

Recently 35 free-~drifting buoys measured near
surface currents in the Gulf Stream system.
Buoy trajectories show that the Stream is at
times strongly influenced by the New England
Seamounts. This influence is manifested as 1)
a quasi-permanent, 100 km, southeastward deflec—
tion of the Stream and the frequent occurrence
of a ring-meander over the seamounts, 2} large
amplitude meanders beginning at the seamounts
and extending eastward, 3) strong mesoscale
eddies over and near the seamounts. Small 20 km
diameter eddies appear to be generated by indi-
vidual seamounts; larger 150 km eddies are the
result of the integrated effect of the seamounts
on the Stream. A chart of the mean temperature
field at a depth of 450 m agrees with several of
the patterns seen in the buoy trajectories.
West of the seamounts the mean path of the Gulf
Stream is due eastward. Over the seamounts the
path turns sharply northeastward and the iso-
therms in the Stream abruptly diverge.
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EVIDENCE OF STEADY, ANTICYCLONIC DRIFT
AROUND SABLE ISLAND, NOVA SCOTIA

J.A, Pompa, ORI, Inc., Silver Spring, MD 20910

During September and October 1977, a
Lagrangian = current measurement program  was
conducted in the waters of the Scotian Shelf around
Sable Island. The program consisted of remote
tracking of free-floating drifters from three sites on
the island wusing radio-direction finding (RDF)
techniques and the release of 990 expendable plastic
surface and bottom drifters. Results of the fracking
indicated not only a strong correlation with the wind,
but also showed a pronounced easterly drift in the
waters north of the island concurrent with a steady
westerly drift south of the island. This is indicative
of a steady current moving in an anticyclonic sense
around the entire island. Analysis of tidally averaged
drifts indicated a speed of |6 cm/sec at the surface
and [0 cm/sec af 20 meters depth. These resulis
were further supporfed by returns of the expendable
drifters, which showed a definite pattern of recovery
based on tidal stage at time of release. This is
further evidence of a type of island circulation,
predicted theoretically by Longuet-Higgins (1969),
and observed around Bermuda (Stommel, 1954), the
Hawaiian islands (Patzert and Wyrtki, 1974) and
elsewhere. The circulation process is important. to
the understanding of sediment movement around the
island, particularly the migration of sand waves, as
well as the potential drift of spilled oil from
petroleum production facilities in the area.

072
DISPERSION IN THE GULF STREAM

D.F. Paskausky

N.C. Edwards, Jr.

D.F. Cundy (U.S. Coast Guard Research and
Development Center, Groton, CT 06340)

Five satellite-tracked, drifting buoys
(undrogued with temp. sensors) were released
on a line crossing the Gulf Stream core east
of Florida at 28.1N; 1) 79.9W; 2) 79.8W; 3)
79.7W; 4) 79.6W; 5) 79.5W on 30 Jan 1979.
Dispersion was rapid: maximum separation
between any buoy pair was 96 km after 3 days;
354 km after 19 days; 925 km after 29 days;
1640 km after 53 days. Buoy 5}, easternmost
buoy, moved along the cold side (15-22C) to
39N, 48.5W in 90 days, crossed the stream and
spent 40 days in a cold core ring (~18C) before
migrating eastward in Sargasso Sea water
(22-23C). Buoy 4) meandered downstream to
36.5N, 67.5W in 60 days when it was recovered
and taken to Bermuda. Buoys 3) and 2) broke
out of the stream to the east after 11 days
and made one anti-cyclonic revolution in cold
water (~20C). Buoy 3) then drifted east and
stalled in Sargasso Sea water (~24C) near 29N,
724 for 4 months. Buoy 2} continued east for
2 months with 4 cyclonic revolutions (dias.
190, 95, 50, 25 km). It then migrated south-
west 195 km and performed 3 more cyclonic
turns before rejoining the stream 2 months
later. Buoy 1), westernmost buoy, broke out
of the stream to the east on day 3 and
wandered in the Sargasso Sea (centered on 29N,
77.5W) for 2 months. It then rejoined the
stream and moved eastward on the cold side,
breaking out for 10 days into cold shelf water
(12C) near 42N, 58W.

Geostrophic winds over the region were
variable. Drift trajectories indicate that
Gulf Stream dynamics and associated phenomena
such as rings are the primary forcing factor
rather than wind.
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LAGRANGIAN MEASUREMENTS OF SURFACE
CURRENTS SOUTH OF NOVA SCOTIA

R. W. Trites, Marine Ecology Laboratory,
Bedford Institute of Oceanography,
Dartmouth, Nova Scotia B2Y 4A2.

As part of a more comprehensive
oceanographic study of the southwestern
Scotian Shelf area, nine satellite
tracked buoys and more than seven
thousand drift cards and bottles were
released between April 1979 and January
1980. Of particular interest are the
events which lead to offshore excursions
of the buoys. Discussion is focussed on
a comparison between the buoy motions
and the Gulf Stream meanders and eddies
as identified by the U.S. Naval Oceano-
graphic Office Experimental Ocean
Frontal Analysis maps.

074
MEAN BAROCLINIC FLOW IN AN OPEN BAY

K. Drinkwater, Marine Ecology Labora-

~ tory, Bedford Institute of
Oceanography, Dartmouth, Nova
Scotia B2Y 4AZ.

(Sponsor: Edward Horne)

Current meter arrays moored in St.
Georges Bay, Nova Scotia during the
summer of 1974 and 1975 revealed highly
baroclinic flow. A clockwise gyre with
velocities of order 0.1ms™! dominated
the mean circulation in the upper
layers of the Bay while a pet mean
bottom outflow of <0.02ms"1 was
observed at the mouth. Heat budget
considerations show a greater increase
in heat content in the Bay than that
expected by surface heat flux. The
rate of increase is consistent with an
advective heat flux calculated from
the observed mean currents. The lower
layer outflow is thought to be a bottom
frictional response to upper layer flow
parallel to the mouth of the Bay.
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VERY LOW FREQUENCY CURRENT FLUCTUATIONS NEAR THE
NORTHEAST GULF OF ALASKA SHELF BREAK

Gary Lagerloef
James Schumacher (both at NOAA Pacific Marine

Environmental Laboratory, 3711 15th. NE,
Seattle, WA 98105

Robin Muench (SAI/Northwest, 13400 B Northrup
Way #36, Bellevue, WA 98005)

Current observations were obtained nearly con-
tinuously from 20, 50, 100 and 175 m near the
northeast Gulf of Alaska shelf break over a
three-year period. Mean flow was alongshore to
the northwest throughout the observation period,
with higher speeds during winter. Very low
frequency oscillations (<0.1 cpd) were prominent
current features and were vertically coupled to
depths greater than 100 m. There was a long-
term, interannual trend toward increasing kinetic
energy with time in this very low frequency band.
No clear correlation was present between Tocal
winds and low frequency fluctuations except on
the seasonal time scale. Instead, these fluc-
tuations must be related to larger scale, non-
local processes such as meso-scale ocean eddies.
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CURRENT OBSERVATIONS DURING THE PASSAGE OF
HURRICANE FREDERICK

L. X. Shay
J. J. Tamul (both at: U.S. Naval Oceanographic
Office, NSTL Station, MS 39522

Six subsurface current meter arrays deployed
within 75 miles of the Alabama coastline in
the Gulf of Mexico during July-October, 1979
show the dynamic response to the passage of
Hurricane Frederick on September 12, 1979.
Each array contained from three to four
Aanderaa RCM-5 current meters measuring speed,
direction, and temperature at a 10 min.
sampling interval in water depths of 100m to
520m.

The most significant feature in all records
is the presence of an atmospherically induced
inertial current of approximately a 24 hour
period which persisted for nearly two weeks
following the passage of Frederick. The
response of the near shore array was markedly
less energetic than the deeper arrays as :
indicated by the kinetic energy spectra and
also showed a modification in the current
response due to the close proximity of the
coastline. In general, the speed range over
the entire water column for all meters was
between 75-80cm/sec, while the deepest array
recorded the highest current speeds of 135-
140cm/sec near the surface. The temperature
records for all current meters indicated a
temperature inecrease of from 19C in the deepest
array to about 4°C in the shallowest array at
the onset of the storm, followed by a large
temperature drop with a gradual warming of the
water column in a two week period.
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THE FLOW THROUGH THE STRAIT OF BELLE ISLE

PEIRIE, B.: (Bedford Institute of Oceanography
P.O. Box 1006, Dartmouth, N.S., B2Y 4A2)

GRRETT, C and TOULANY, B. (Dalhousie University
Halifax, N.S., B3M 471)

In 1963, several tide gauges and current

meters were deployed for 50 days in the Strait
of Belle Isle, which connects the Gulf of St.
Lawrence to the Atlantic Ceean. We present a
dynamical interpretation of the flow variability
demonstrating in particular that the surface
transport through the Strait is in geostrophic
balance with the sea level difference across
the Strait. This permits the use of 8 years
of sea level data, fram permanent gauges on
opposite sides of the Strait, for a study of .
flow variability on a variety of time scales.For
periods between a few days and a few months the
fluctvations are highly coherent with large
scale meteorological forcing, although the
strength of coupling of wind to water and a
friction coefficient for flow through the
Strait vary significantly with season. At
longer periods the dominant forcing mechanism
is not clear, but the data do suggest winter
inflow through the Strait of about 0.5Sv and
substantial interannual variability.
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CIRCULATION STUDIES SOUTH OF THE GULF STREAM
AT 50°W

R.M. Hendry (Atlantic Ocearnographic Laboratory,
Bedford Institute of Oceanography, Dartmouth,
Nova Scotia, Canada, B2Y 4A2)

One year.of moored velocity data has been
recovered from 4000 m depth in 5420 m of water
at several sites near 38 N, about 150 km south
of the mean axis of the Gulf Stream at 50°W.
The data show a mean flow with an eastward
component of 3-6 cm-s 1, xghich is similar to
recent observations at 55 W. This suggests
large zonal scales for the deep mean motion
south of the Stream. Eddy kinetic energy at
4000 m has decreased by a factor of 2-3 at
50°W compared to 55°W, although there is still
appreciable low frequency variability in the
regional circulation.
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BOUNE ING THE %JORTH ATLANTIC CLRZULATION'

Kar . Sten’
Johs R, Booke = (buth 1t: Geopn:iics
Prcgramk“Unlv: of Mas: , Seattle, WA 98°95)

This'work estimate, carotron’ : currerts
far a portior of the North Atlincic. We:
use s2ostrorhic baroctinic currenfs which
havi.:een c:rulated from meas.~»d densivy-
gre_ ents. Ua further assume conservation
‘07, ass to finc the barotropic . .rrents
Since there 75 not a vnique aniwer, we ti-n
use a technique developed by tackus (1970)
and Farker (1977). With it, it is possibie
to . 2 knowiedoe of the magnituie of the
currents to place numerical bourds on
pa weters wh':h are runctions of the
currents. Results are then compared wi*h
these of other workers.
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THE FRACTION OF VERTICAL [SOTHERM DEFLECT{ONS
ASSOCIATED WITH EDDIES: AN ESTIMATE FROM
MULTISHIP XBT SURVEYS

W.J. Emery (Department of Oceanography,
University of British Columbia, Vancouver,
B.C., Canada. V6T 1W5)

C.C. Ebbesmeyer (Evans-Hamiiton, Inc.,
Seattle, Washington 98115)

J.P. Dugan (Naval Research Laboratory,
Washington, D.C. 20375)

Six multiship XBT surveys in the area be-
tween 29° and 42°N in the North Pacific and
North Atlantic Oceans were examined with
respect to the following questions: What
fraction of significant vertical isotherm
deflections may be associated with horizontal-
ly closed eddies, and which of these eddies
have identifiable thermal expressions at the
sea surface? From all six surveys 45 signi-
ficant deflection features, with ampiitudes
exceeding one standard deviation, were
selected from isotherm deflections in the
central vertical temperature sections.
Approximately half of these deflections
could be Tdentified as parts of horizontally
closed eddies (mean diameters ~150 km). In
turn, approximately a third of the eddies
were gssociafed with a significant anomaly
(30.5°C) of sea surface temperature. Ex-
amples of both isolated and close~packed
eddies were observed. Most of the eddies
identified in the western North Atlantic
were in the region of increased eddy kinetic
and potential energies associated with the
Gulf Stream. In this area the number of
eddies per unit area egualled approximately
0.14 eddies per 10* km? (v1 square degree),
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THE NSF OCEANOGRAPHY SECTION: WHAT IT IS
AND HOW IT OPERATES

Robert E. Wall (NSF, Washington, D.C. 20550)

The Oceanography Section and its four Program
Offices manage a research project support pro-
gram to help develop and maintain high quality
basic research in the ocean sciences. It is
important that scientists be aware of the sub-
stance of the Section and the rationale, con-

straints, and groundrules under which it
operates. To this end, the project support
program of the section will be characterized
by the processes it goes through to get and
spend money and by a dissection of the four
Programs themselves, the proposals they re-
ceive, and the grants they make. The infor-
mation presented will bear on such questions
as: :

What is the scientific substance

in each of the four Program areas?
How is it determined?

What are the funding levels and
trends?

How are these funding levels
determined and on what time

frame?

What is the character of the 740
proposals considered for support

in FY1979?

How does the peer review system as
used by the Oceanography Section
operate?

How are interdisciplinary, multi-
disciplinary, or collaborative
research proposals handled?

What is the character of the 360
grants awarded in FY1979?

What part of the Section's FY1979
funding went to the various institu-
tions? to scientist's salaries? to
support graduate students? to purchase
equipment? and to cover indirect costs?

Paleo-Oceanography
Harbour A

Friday AM.

Margaret Leinen (Univ. of
Rhode Island), Presiding
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GRAIN SIZE AND ACCUMULATION RATE OF THE EOLIAN
COMPONENT OF SOME NORTH PACIFIC SEDIMENTS

David K. Rea
Thomas R. Janecek (both at: Dept. Atmos. & Ocean—
ie Sci., U. of Michigan, Ann Arbor, Mi. 48109)

The inorganic, non-authigenic fraction of deep-
sea sediments recovered far from continents
should be dominated by wind-blown dust. We have
isolated this component in samples from DSDP
Sites 310 and 466 on Hess Rise, 463 on the Mid-
Pacific Mountains, and from the large diameter
piston core (GPC-3) recovered 1000 km north of
Hawaii., Changes in the mass accumulation rate
(MAR) and grain size (¢50) of the eolian compon-
ent should record changes in continental climate,
volcanism, wind intensity, and distance to source.
GPC-3 contains the most continuous Cenozoic rec-
ord and has already been analysed for quartz and
Al accumulation, commonly accepted eolian indi-
cators. Eolian MAR's in this core vary from a low
of 0.008 g em=210-3y=1 44 to 35 mya to a maximum
of 0.23 g t:rn‘210‘3y‘1 about 1 mya. A large in—
crease occurs about 3.5 mya, with lesser jumps
about 15 and 25 mya. These particles range in
size from 8.9 @ to 8.0 @, covarying with the eoli-
an, quartz and Al accumulation rates. Sections
from the north central Pacific contain only an
upper Miocene to Recent record and show about a
five-fold increase in eolian MAR's since the late
Miocene, with maxima at 4 to 6 and 0 to 2 mya.
Higher values occur beneath the westerlies than
under the tradewinds. Grain size of these materi-
als ranges from 8.8 @ to 7.8 @ and also covaries
with MAR. Together, all these sites show a 5 to
7-fold increase in eolian MAR and a doubling of
the mass of the average wind-borne .particle since
the late Mlocene. Published mineralogy of these
samples suggests that the general increase im all
eolian indicators since the Pliocene reflects the
onset of northern hemisphere glaciation and the
Quaternary increase in Pacific-~area volcanism.
The secondary peak in the central Pacific sites
(310, 463, 466) apparently reflects Increased
early Pliocene volcanism (Kennett, et al.,1977).
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CHEMICAL STRATIGRAPHY AND PALEQENYIRONMENT OF
CENOZOIC NORTH PACIFIC SEDIMENTS

M. Leinen, Graduate School of Oceanography,
University of Rhode Island, Kingston,
RI, 02881

G. R. Heath and C. Muratli, School of
Oceanography, Oregon State University,
Corvallis, OR, 97331

Cenozoic sediments recovered in cores from
the central North Pacific are 1ithologically
very homogeneous, fine-grained red clays. In
spite of this litholigic uniformity, geo~
chemical and mineralogical studies show that
pronounced changes in pelagic sedimentation
have taken place in the North Pacific over the
Cenozoic. These changes have imparted strong
geochemical signals to the sediment which can
be correlated over distances of thousands of
kilometers. Magnetic reversal stratigraphy,
ichthyolith stratigraphy, ash layers and
natura] remnant magnetization peaks serve to
establish the validity of the correlation
between geochemical records.

The chemistry and mineralogy of central
North Pacific cores show several paleoceano-
graphic and paleochemical features: 1) a
decrease in the importance of detrital sedi-
mentation between the latest Cretaceous and
the Cenozoic; 2) enhanced accumulation of
hydrothermal phases between 40 and 50 Ma;

3) enhanced accumulation of authigenic phases
associated with diagenetically altered ash
layers deposited between 25 and 35 Ma from
explosive vulcanism in western North America;
and 4) differences in the chemistry and mine-
mineralogy of detrital phases transported to
the North Pacific by the northeast trade winds
and the Northern Hemisphere westerlies.
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DETATLED 230TH AND 23lpa CHRONOLOGY IN 13
CENTRAL PACIFIC BOX CORES

Avgusto Mangini (Dept. of Geology & Geo-
physics, Ydle University, New Haven, CT 06520)
(Sponsor: K.K. Turekian)

2307y and 231pa profiles were measured on
box cores of siliceous and calcareous ocoze
sediment from small areas between Clarion and
Clipperton Fracture Zones. The cores were
recovered during a W. German program (RV Val-
divia cruises 05, 08) to study geophysics,
geology and geochemistry of the North Central
Pacific Mn-nodule province. 230Th and 23lpy
yield average sedimentation rates of 2.4 and
4 mm/ky during the Late Quaternary for the
siliceous and calcareous ooze, respectively.
Due to bottom transport the thickness of the
Quaternary layer varies from more than 10m to
a few cm in cores taken within a short dis-
tance of one another. In 5 siliceous coze
cores only 5-18 cm sediment with excess activ-
ities (<400,000y) unconformably overlies old
Tertiary material. The age of the last
major change from an erosional to a deposi-
tional regime may be dated at around 68,000y
B.P. This age also marks a change in the ac-
cumulation rate in 2 cores accumulating for
more than 300,000 years: Preferential sca-~
venging of 30Th in comparison to 23lpg 4n
the water column is shown by 230Th/231pa
activity ratios around 30 in the uppermost
4-10 cm sections. The 230Th/231pa activity
ratio of the sedimenting particles was mod-
eled to be 20-22 instead of the theoretical
value of 10.8 expected from production in the
water column.

08

VARIATIONS OF GEOCHEMICAL
ENVIRONMENTS IN PELAGIC SEDIMENTS
OVER THE LAST 3 MILLION YEARS

Paul C. Henshaw, Jr. (Chevron 0il Field
Research Co., P. 0. Box 446, La Habra,
CA 90631)

Thirteen cores from various pelagic regions
of the Pacific Ocean have been analyzed for
21 trace elements and mineralogy to deter-
mine variations, both in space and through
time, in geochemical environments of depo-
sition. By selecting nine trace elements
(Ce, Cr, Ba, Cs, Sc, Fe, Co, Eu, and La)
the influence of the major sources—-
continental, biogenic, hydrothermal, and
hydrogenous--can be estimated. For the




o

North Pacific cores, two major groups are
seen: fossiliferous cores with and
without manganese nodules, which display

a two-component, continental-biogenic
system; and nonfossiliferous, wicronodule-
containing cores which display a signifi-
cant hydrogeneous component. The Southern
Equatorial Pacific cores studied were
dominated by a hydrothermal source

factor. Analyses of clays and magnetic
minerals increased the definition of each
geochemical group.
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EVIDENCE FOR AN OCEANIC WARMING
AT THE ONSET OF THE LAST GLACIAL
MAXIMUM (25-20,000 YBP)

Crowley, T. J. (Dept. Physics,
Univ. Missouri St. Louis,
St. Louis, MO 63121)

(Sponsor: Philip B. James)

Some recent resulis indicate that
sea-surface temperatures (SST)
remained at interglacial levels in
the subarctic North Atlantic during
initiation of ice-sheet growth.
Faunally-derived SST-estimates from
North Atlantic and some North Pacific
low~ and mid-latitude sites also
indicate an inverse response between
SST and ice volume growth at
25«20,000 YBP, the time of rapid ice
advance towards the last glacial
maximum, Although in many of the
North Atlantic sites the SST-increases
were only 1-2 °C, within the standard
error of estimate for single samples,
the consistent response over a large
region suggests that the pattern is
real. Where SST-increases are larger
or accompanied by marked faunal shifts,
they can be related to changes in the
local oceanic circulation: for
example, decreased upwelling in the
eastern equatorial Pacific, or
increased advection of warm North
Atlantic Current waters,

087

GLACIAL MELTWATER INFLOW INTO THE GULF OF

MEXICO DURING THE ILLINOIAN GLACIAL AND

SANGAMONIAN INTERGLACIAL

W. Fred Falls (Dept. of Geology, Univ. of
South Carolina, Columbia, S.C. 29208)

Douglas F. Williams

Oxygen isotopic analyses of planktonic
foraminifera (Globigerinoides ruber and Globo-
rotalia truncatulinoides from three piston
cores in the southwest Gulf of Mexico record
glacial meltwater run-off in the surface waters
of this marginal basin. Two distinct, negative
oxygen isotopic anomalies occur at approximately
125,000 and 140,000 years before present (YBP).
Cores TR126-23, TR126-24 and TR126-29 were
analysed at 1000 to 1500 year intervals across
the W/X biostratigraphic boundary (which ap-
proximates the 5/6 isotope stage boundary).

The 125,000 YBP anomaly corresponds with maximum
rapid deglaciation of the North American ice
sheet of I1linoian age. Upon correcting the
shallow-dwelling G. ruber data for the -1.85%/00
change due to ice volume, an additional -0.5

to -1.2%/00 meltwater effect <is ebserved. Ana-
lyses of deep-dwelling G. truncatulinoides in
core TR126-29 record a total isotopic change of
-1.55%/00. ‘The 140,000 YBP anomaly occurs just
prior to the point of maximum glaciation and
correlates with a sizable volcanic ash layer

in TR126-23 and TR126-24. " The G. ruber data
records as much as a -19/00 anomaly and the

G. truncatulinoides data records only a —O.4°/oo
anomaly. The carbon isotope data shows a
positive correlation with the oxygen isotope
data at the 125,000 YBP anomaly and the same
correlation at the 140,000 YBP anomaly except

in TR126-29.

088

A CONTINUQUS RECORD OF LATE NEOGENE
CARBONATE CYCLICITY: HPC SITE 502,
WESTERN CARIBBEAN

W. L. Prell (Dept. of Geol. Sci., Brown
University, Providence RI 02912)

J. V. Gardner (U. S. Geol. Survey,
Menlo Park CA 94025) and

Scientific Staff of DSDP Leg 68

We used the DSDP hydraulic piston
corer to recover an almost continuous,
undisturbed composite record (230 m)
from Holocene through late Miocene (w8
my). Site 502 consists of four holes
located on a small topographic high in
the western Caribbean about 220 km
north of panama. The sediment grades
from foram~nanno marl of Quaternary
and late Pliocene age to nanno marl and
calcareous clay in the late Miocene.
Total carbonate content is cyclie and
correlates well with established 6180
and carbonate cycles of the Brunhes
epoch. Although they vary in amplitude,
carbonate cycles are continuous through
the Pliocene and into the late Miocene.

on the basis of shipboard paleomag-—
netics and carbonate analyses, we cal-
culated a preliminary spectrum on a
carbonate time series from the mid-
Pliocene (2.92 to 3.80 my). The
spectrum shows a concentration of vari-
ance near periodicities of 250K and 43K
yr, the latter being coherent with the
variation of planetary obliquity. A
carbonate spectrum in piston core
v12-122 (0 to 460K yr) shows concentra-
tions of variance at 100K yr and 42K yr.
These preliminary results suggest that:
(1) periodicities related to obliquity
are impressed on the sediments to at
least 4 my, and (2) the climate system
is nonstationary at the 100K yr period-
icity.
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CALCIUM CARBONATE DISSOLUTION IN THE SOUTHERN
OCEAN DURING THE LAST 0.69 MILLION YEARS

David Gribble {Dept. of Geology, Univ. of
South Carolina, Columiba, S.C. 29208)
Douglas F. Williams and Bruce H. Corliss

During the last 0.69 million years, the car-
bonate dissolution pattern in the Southern Ocean
-appears to be in-phase with that in the Atlantic
(i.e., enhanced dissolution occurs during glacial
periods). A major complicating factor in this
region is the migration of the Polar Front which
controls the regional production of calcium car-
bonate. Calcareous ooze predominates north of the
Polar Front, while to the south (50-600S), sili-
ceous ooze is the major sediment type. Three
Eltanin piston cores from water depths of 3200 to
3942 m and beneath the subantarctic water mass
were used in an attempt to separate the produc-
tivity and dissolution effects. The shallowest
core {£49-18, 3200m) is well abové the present
CaC03 compensation depth (CCD) at 4500m and was
used to determine the timing of Polar Front
migrations. The cores were correlated with
oxygen isotope and paleomagnetic stratigraphy.
The total CaCO3 content decreases, and foramini-
feral fragmentation, benthic/planktonic ratios
and radiolarian/foraminiferal ratios increase as
the degree of dissolution increases. In the two
deep cores (E45-79 and E45-74), the oxygen iso-
tope data become difficult to interpret after
isotope stage 13. The glacial/interglacial
isotopic difference decreases from 1.20/00 bet-
ween stages 1 and 2 to 0.6%/00 between stages
11 and 12. In the shallower core, the isotopic
difference remains fairly constant (1.6%/00 bet-
ween stages 5 and 6 and 1.59/00 between stages
11 and 12). CaCO3 content decreases in all cores
during glacial periods and indicates that disso-
lution and productivity of calcium carbonate
in the Southern Ocean are in-phase with disso-
Tution in the Atlantic Ocean during the Late
Quaternary,

0 90

SEDIMENTARY HIATUSES ALONG THE SOUTHERN

CONTINENTAL RISE OF AUSTRALIA

Douglas F. Williams (Dept. of Geology, Univ.
of South Carolina, Columbia, S.C. 29208)

Michael Ledbetter

To better understand the consequences of
Antarctic Bottom Water (AABW) flow on sedimen-
tation along the southern continental rise of
Australia, paleomagnetic, biostratigraphic and
Tithologic studies were performed on over 40
piston cores from cruises 53 and 55 of the USNS
Eltanin. The cores are located along the entire
margin from the Naturaliste Plateau to the
South Tasman Rise. Subtropical foraminiferal
zonations were used to correlate the magnetic
polarity records to the geomagnetic polarity
time scale. Widespread hiatuses during the
Cenozoic were discovered in cores between water
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depths of 2000 and 3000 fathoms along the mar-
gin. Six of the cores have Tate Brunhes sed-
iments at the core tops separated by late Gauss-
early Matuyama sediments. Three cores from the
flank of the Naturaliste Plateau have Late Mio-
cene to Middle Miocene sections with little or
no Plio-Pleistocene sediments. Lithological
changes in the cores and preservational trends
in the foraminiferal faunas also make it pos-
sible to determine temporal changes in the
depth of the carbonate compensation depth (CCD)
along the margin. The foraminiferal faunas
from the Miocene sediments show evidence of
moderately severe dissolution at water depths
1200 meters shallower than the present level of
the CCD. Regional patterns in carbonate sed-
iments and red clay/manganese micronodules,
combined with the age distribution of the cores,
suggest that the long-term history of AABW flow
along the southern continental rise of Aus-
tralia can be correlated to erosional events
observed in deep basins surrounding Antarctica.

091

LATE QUATERNARY PALEOCLIMATIC AND PALEO-
GLACIAL HISTORY OF THE PACIFiIC sUB-
ANTARCTIC AND ANTARCTIC REGION.

M. Trinchitella (Exxon Co. USA, Houston,
Texas, 7700t).
M. G. Dinkelman

Sedimentological and micropaleon-
tological analyses on closely spaced
samples from twelve piston cores col-
lected from the Bellinghausen-Amundsen
Basin revealed four glacial and three
intergtacial events during the last
194,000 years. Oxygen isotope stages
(01S) 2 and 6 record glacial maxima of
near equal severity. The warmest in-
terglacial event occurs during OIS Se
and a less Intense warming occurs in
cls 3.

Regional sedimentation rates were
found to be higher during intergiacials
and lower during glacial events. These
differences are related to both direct
and indirect regional effects due to
changes in the intensity of the Antarc-
tic Clrcumpolar Current. The utility
of the Cycladophora davisiana strat-
igraphy is extended 7° to 8° south of
the Polar Front Zone. C. davisiana
abundance intervals "b," and "h" cor-
relate to glacial maxima and are most
reliable for reglonal correlations. A
stratigraphy based on the abundance
changes of the diatom Eucampia
balaustium is documented and developed
for the last 194,000 years. Eight
abundance infervals ('a' to 'f') were
recognized and calibrated to the oxygen
jisotope stratigraphy in deep-sea core
E45-74 from the southern Indian Ocean.
Peak abundances of E. halaustium occur
during increased.glaciation and are
easily recognizable for correlation
throughout the study area.
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DEEP-SEA VOLCANIC ASH AS A PALEOWIND [NDICATOR

T. €. Huang (Graduate School of Oceanography,
University of Rhode {sland, Kingston, R.I.
02881)

Deep-sea air-fall ash distribution in sedi-
ment cores provides information on the direct-
ion and speed of the tropospheric and lower
stratospheric prevailing wind during the time
of eruption. Spatial variations in ash thick-
ness, concentration or accumulation rate and
in selected ash size ranges produced by single
eruptions in severa) volcanic regions have
been used to delineate the direction and extent
of ash cloud axis and the width of lateral ash
dispersion. From these, together with the mod-
eling of downwind ash distribution and eruptive
cloud height, the paleowind speed and direction
can be derived.

In the Azores, four highly explosive eruptions
occurred at about 125 x 10% and 33 x 10° years
ago. The ash distributions reveal that the
east-north-eastward prevailing winds have an
average speed (33 km/hr) of about half of the
present N. Atlantic wind speeds. In New
Zealand, an average eastward wind speed of
about 40 km/hr has been estimated based on the
ash distributions produced by the explosive .
eruptions during the past 690 x 10% years. In
the northern Lesser Antilles, a change in the



ambient wind directions between the two periods
(23 x 10% to 1) x 10° years and 11 x 10° years
to the present) has been detected based on the
ash distributions in a series of N-S traverse
cores. In the area north of 17°N latitude the
ash accumulation rates in. the cores east and
west of the islands remain about ghe same dur-
ing the two periods. At about 17°N latitude, a
marked difference in the rates between the two
sides has occurred during the two periods. The
change in wind direction may have been associ-
ated with a latitudinal shift of the meteoro-
gical boundary during the climatic change.
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BENTHIC BIOTURBATION OF THE DEEP-SEA RECORD:
SIGNAL DISTORTION, IMPULSE RESPONSE FUNCTIONS
AND SIGNAL RESTORATION

W.H., Hutson, (School of Oceanography, Oregon
State University, Corvallis, Oregon 97331)

Benthic organisms disturb adjacent sediment-
ary layers, thus distorting the true deep-sea
record. For example, bioturbation disperses
an instantaneously deposited tracer, such as
a thin ash or microtektite deposit. The re-
sulting vertical distribution, or 'impulse
response function" (IRF), is an accurate de-
scription of the mixing process. Furthermore,
the IRF may be used numerically as a weighted
moving average to simulate the process of
bioturbation. For example, numerical experi-
ments indicate the following relationship
exists between the IRF and amplitude attenu-

ation: A' = A - [ Hmex/:H], (1)
where A and A' are the original and attenuated
amplitudes, and Hmax and $H are the maximum
and sum of IRF values.

The above relationship may be used to re-
construct the deep-sea record in the follow-
ing manner: (a) A measured signal is first
converted into a series of 'impulses" above
or below a baseline (as defined by adjacent
points); (b) The following equation is used
to approximate the original amplitudes, A:

A = A" . [sH/Hmax] (2)
(c) These estimated amplitudes may thén be
converted into a reconstructed signal by
adding the appropriate baseline values.

Numerical experiments demonstrate this
approach and illustrate that its effective-
ness is a function of both (a) the length
and shape of the IRF distribution relative
to sample spacing, and (b) the sharpness of
transitions within the signal itself.

0 94
BENTHIC MIXING INTENSITY IN THE 9300
B.P. SUBPOLAR NORTH ATLANTIC

Glenn A. Jones (Lamont-Doherty
Geological Observatory of Columbia
University, Palisades, NY 10964)

A new non-dimensicnal convolution mixing model
that allows both the use of any mixing filter,
and the quantification of the integrated mixing
intensity has been tested on ash zone 1 (9300
B.P.) in.nineteen cores from the subpolar North
Atlantic. A best fit of the mixing model to the
observed dispersed ash in each core is made;
then the amount of integrated mixing necessary
for the best fit is calculated. In all cases
the model accurately fits the observed data.

Geographically, plots of integrated mixing
produce consistent patterns. The lowest mixing
values (five cores) occur in a narrow band be-
‘tween 45°-50°N and 25°-40°W (lack of core cover-
age prevents the extent of the E-W trend from
being clearly defined). Two paleo-oceanographic
interpretations can explain the observed inte-
grated mixing distribution: (1) If both large
volumes of Laurentide meltwater (Kennett and
Shackleton, 1975) and increased sea ice from the
Labrador Sea were vented to the subpolar North
Atlantic subsequent to 11,800 yrs B.P. to sig-
nificantly lower sea-surface salinity in the 5°
band, vertical oceanic mixing could have been
inhibited, with a resultant decrease in both
surface water productivity and benthic activity.
(2) The present subpolar North Atlantic con-
tains a region of low surface productivity cen-
tered around 53°N and 27°W. During $300 B.P.
this feature could have been shifted to the
south as the 9300 B.P. subarctic convergence
was displaced southward relative to the modern
position by almost 5°.
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PALEQOCEANOGRAPHIC INFORMATION FROM THE TEST

SHAPE OF GLOBOROTALIA TRUNCATULINOIDES:

RESULTS OF FOURIER SHAPE ANALYSIS

Nancy Healy-Williams (Dept. of Geology, Univ.
of South Carolina, Columbia, S.C. 29208)

Douglas F. Williams

Fourier series shape analysis of the test
of Globorotalia truncatulinoides has resulted
in an effective differentiation of phenotypic
and ecophenotypic variation. Amplitudes of the
2nd harmonic {indicative of elongation) are
strongly correlated with coiling direction
while the 3rd harmonic (triangularity) is
highly correlated with average surface water
temperature and latitude but varies as a
function of coiling direction (100% to 5% sin-
istral). This effect is believed to be phen-
otypic rather than ecophenotypic. The G.
truncatulinoides were obtained from 16 trigger
core tops and 4 piston core tops from the
southern Indian Ocean. The coiling direction
of the assemblages ranged from 100% sinstral
to 5% sinstral. Samples were chosen for good
preservation and were within the cool sub-
tropical and subantarctic water masses {from
1995 to 479S). Closed form Fourier series
analysis is a mathematical expression of
cosines used to describe any shape outline
to a specified degree of exactness. Fourier
series not only provides an exact character-
ization of shape but also separates the com- -
ponents of the whole form enabling us to see
how each is affecting the total shape. The
2nd and 3rd harmonics were chosen because
the harmonic amplitude spectra indicates
that these contain the most information from
the 20 harmonics generated during the analysis.
The results of this study point to the unique
potential of Fourier shape analysis in bio-
metric and paleoceanographic studies of
foraminifera.
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OXYGEN ISOTOPIC EXCHANGEABILITY OF BIOGENIC
SILICA

LABEYRIE L.D. (C.F.R., CNRS, 91190 Gif/Yvette,

rance

JUILLET A.M. (C.F.R., CNRS, 91190 Gif/Yvette,
France

(Sponsor : Claude Lalou)

Paleoclimatic studies using biogenic opal
180/1€0 ratio measurements have been hampered
by a lack of reproducibility. Opal isotopic
ratios as those of other hydrated minerals, are
strongly affected by the dehydration treatments
preceeding oxygen extraction; dehydration invol-
ves hydroxyles combination which introduces ex-
traneous oxygen in the structure. We have uti-
lized a method recently developped, which pro-
motes oxygen isotopic equilibration during the
hydroxyle combination to study oxygen exchange-
ability of biogenic silica at different tempe-
ratures. This method insures a #0,09% (1)
reproducibility. Estimation of the amount of
exchangeable oxygen is done by exchange of the
silica with waters differing largely in isotopic
composition. For a 6 hour exchange at 150°C,this
amount decreases from 15-20% in diatom valves
silica from phytoplankton or modern sediment to
5-6% in samples a few thousand years old. This
decrease is due to the higher solubility of the
organic and water-rich outer silica layer. The
amount of exchangeable oxygen in older samples
(a few million years o1d) is lowered to 1-2%,
possibly due to partial recrystallization.
Exchangeability of diatom silica increases si-
gnificantly by heating over 250°C (50% of ex-
changeable oxygen at 300°C, 60% at 500°C in 6
hours), during the silica reorganisation which
occurs at these temperatures.
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U IN FORAMINIFERA TESTS

Margaret Delaney (Dept. of Earth & Planetary
Sciences, M.I.T., Cambridge, MA 02139)

Uranium concentrations in foraminiferal
calcite reported in the literature range from
values as high as 1.20 ppm to a lower value
of 0.025 ppm. Uranium and thorium isotope
activities were measured by isotope dilution
alpha spectrometry in four late Pleistocene
and Holocene foraminiferal carbonate samples
from 2 piston cores taken on the north flank
of the Rio Grande Rise (30°S, 35°W; 2158 m.
and 2330 m. water depth). Tests were sepa-
rated with a 150 p sieve and ultrasonically
cleaned.
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Samples were then subjected to reductive
cleaning with a dithionite-citrate-hydroxy-
lamine hydrochloride solution to clean the
surfaces of any iron-manganese oxide coat—
ings and any adsorbed nuclides. Results
from several .larger sieved samples were
consistent with those from a .smaller hand-
picked sample. There is 0.027 + 0.008 ppm
U in the calcite lattice (1.14 x 10-8 moles
U/moles Ca), in agreement with the lowest
literature value, 0.025 ppm (Ku, 1965).

The observed distribution coefficient is
therefore 0.008; the experimantally det—
ermined range is 0.2-0.04 for inorganically
precipitated _calcite (Kitano and Oomori,
1971). The Th/ 234y activity ratios
range from 5.5 to 26, indicating that the
%%Saning method does not effectively remove

Th from the surfaces. The upper limit
for the thorium concentration in foramini-
feral caleite is 0.023 ppm (9.96 x 1076
moles 232Th/mole Ca). Dating by 230Th
ingrowth measurements is not feasible
because of the low concentration of
uranium in foraminiferal, tests and the
difficulty of removing 230Th from their
surfaces.
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ANOMALOUS IRIDIUM AT THE CRETACEOUS~TERTIARY
BOUNDARY: THE IMPACT HYPOTHESIS

L.W. Alvarez (Lawrence Berkeley Laboratory,
University of California, Berkeley, CA 94720}

W. Alvarez (Dept. of Geology and Geophysics,
University of California, Berkeley, CA 94720)

F. Asaro, H.V. Michel (Lawrence Berkeley Lab-
oratory, University of California, Berkeley,
CA 94720)

Anomalous concentrations of Iridium occur at
the Cretaceous-Tertiary (C-T) boundary in three
areas of Western Burope and are interpreted as
evidence for an influx of extraterrestrial
material related to the biotic extinctions.
Iridium increases sbove the background level
by 27x in Ttaly and by 160x in Denmark.

Jan Smit (Univ. of Amsterdem) has found a

> 100x increase in southern Spain. The Ir
source is probably not a supernova. We sug-
gest that impact of a ca. 10-km Apollo object
would deposit the observed iridium and would
cause the extinctions by injecting dust ex—
pelled from & ca. 150 km dismeter crater into
the stratosphere, where it would strongly at-
tentuate the sunlight for several years, thus
suppressing photosynthesis and bringing about
the collapse of food chains. Iridium measure-
ments are now being made on C-T boundary mater—
ial from New Zealand, the South Atlantic, and
Montana, and on Permian-Triassic boundary
material from China.

Measurements In the
Gulf Stream

Harbour B

Friday P.M.

Philip Richardson (Woods
Hole Oceanographic
Institution), Presiding
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VARIABILITY IN THE NORTHWALL OF THE GULF STREAM

D.N. Connors {Code 3635, Naval Underwater Systems
Center, Newport, RI )

M.P. Fecher (Code 3635, Naval Underwater Systems
Center, New Lomdon, CT 06320)

The Northwall of the Gulf Stream has been
investigated using a data set consisting of eight
XBT/XSV trgnsects 8btained from Oct-Nov/1979
between 65~ and 66 40' W Long. "In six of these
a station spacing of about 1.2 km permits a
relatively high resolution of the thermal struc-
ture. Continuous measurements of temperature
were also obtained for the sea surface and either
20 m or 180 m; data are also available from
satellites and VNX-8 overflights.

During a period of rapidly changing winds the
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upper ocean displayed; - strong horizonta1 temper-
ature gradients, interieving, or a relatively

well mixed layer. The mean slope of the Northwall
ranged from 4 to 18 m/km. On severdl of the
transects the 15 /200 m criteria for defining the
northern edge of the stream encompassed aodistance
of 20 km or more. In one instance the 15~ iso-
therm showed a wave like variation with an ampti-
tude of 15-20 m about the 200 m depth. On a
second transect stations600 m apart, within and
near a sea surface slick, sgowed a difference of
55 m in the depth of the 15 isotherm about the
200 m Yevel.
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MAPPING OCEAN CURRENTS BY MEANS OF OVER-
THE -HORIZON HF RADAR

D.B. Trizna (Naval Research Laboratory,
Washington, D.C, 203753)

Results are reported for preliminary
experiments in mapping the Gulf Stream
by means of currents measured by an HF
radar. Operating in the over-the-horizon
mode of propagation via stable E-layer
paths, components of current vectors
radial to the radar are mapped on a
range-azimuth grid roughly 6 km on a
side, using a large aperture receive
array 1100 m in extent. Radial currents
of the order of a meter per second were
observed and appear to be associated with
sharp bends in the Gulf Stream.
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PARTICLE ACCELERATION AND ANOMALOUS ION DRAG
IN A LABORATORY PLASMA UNDERGOING MAGNETIC FIELD
LINE RECONNECTION

W, Gekelman

R. L. Stenzel, N. Wild (All at: Dept. of
Physics, Univ. of California, Los Angeles,
CA  90024)

The spatial and temporal history of the anoma-
lous ion drag term mnv*v, in the neutral sheet
of a laboratory plasma undergoing magnetic field
reconnection has been measured. Extensive meas-
urements of the plasma pressure nkT., magnetic
forces xg, and ion velocity flow fields v have
been performed in a highly reproducible repeti-
tive plasma with the aid of digital data acqui-
sition and mass storage. The pressure is found
to peak at the contact points of the separatrix,
near the edge of the neutral sheet. It exhibits
large transverse gradients creating space charge
fields and Hall currents. The magnetic force
density T = JxB - V(nkTe) arises from axial
currents driven by an induced electric field and
transverse Hall currents. The ion flow field is
directly measured using differential particle
collectors. The acceleration due to f is dir-
ectly compared with mn dv/dt. It is found that
an anomalous ion drag limits the acceleration.
Only after several Alfvén times does the fluid
develop the classical flow pattern with jetting
from the edges of the neutral sheet.
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COASTAL-TRAPPED AND FRONTAL-TRAPPED WAVES IN A
BAROCLINIC WESTERN BOUNDARY CURRENT

John M. Bane, Jr. (Marine Sciences Program and
Department of Physics, Univ. of N. Carolina,
Chapel Hill, NC 27514)

Four types of stable, sub-inertial Rossby-
like waves have been found to propagate along~
shore in a model baroclinic boundary current
similar to the Gulf Stream as it flows along
the continental margin of the southeastern
United States. The two-layer model incorpo-
rates a general bottom topography with conti-
nental shelf and slope, and a thermal~wind
mean current confined to the upper layer. The
four wave components are: the familiar conti-
nental shelf wave, quasi-geostrophic edge wave,
and complementary mode edge wave, plus a new
frontal-trapped wave, which has wave amplitude
maxima within the cyclonic side of the Stream.
The dispersion diagram for a particular topog-
raphy/density/current setting may be inter—
preted as a composite of the four components'
dispersion curve families, As in other, simi-
lar problems a mode~coupling resopance between
two components allows the characteristics of
the two to be interchanged. The cases studied
show the phase speeds of the various components
to be affected by the location of the surface

density front, the width of the continental
shelf, and whether the inshore boundary is a
vertical wall or a sloping beach. In general,
the continental shelf waves (the quasi-geo-
strophic edgewaves) are faster (slower) for a
shelf with a coastal wall than for ome with a
sloping beach. The complementary mode edge-
waves and the frontal-trapped waves are fastest
with the surface front farthest from shore.
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ON THE VARIATIONS OF LOW-FREQUENCY MOTIONS
ALONG 70°W

W. Brechner Owens (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543}

Harry 1. Bryden

James R. Luyten

An analysis of a nine-mooring array centered
at 31°N, 70°W, which was part of the POLYMODE
Local Dynamics Experiment, indicates a marked
change in eddy structure and trebling of kinetic
energy from that seen in the MODE Experiment at
28°N. The ratio of shallow to deep kinetic"
energies is frequency independent in contrast
to the MODE results in which the lowest
frequencies were much more baroclimic. This
tendency along 70°W can be reconciled with
other data sets along 55°W and 60°W only if
one compares similar locations with respect
to the Gulf Stream-Recirculation system.

Array representations of the velocities in the
upper thermocline indicate that this increase
is assoiated with a much richer mix of
spatial scales than was seen in MODE.
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SEASAT SCATTEROMETER MEASUREMENT OF THE GULF
STREAM

Peteherych, S. (AES, Downsview, Ont., M3H 5T4)
(Sponsor: Clive Jarvis, CMOS)

Microwave radar backscatter from the ocean
has been shown to be due to Bragg scattering
from centimeter-length capillary ocean waves
with the strength of the radar backscatter
being proportional to the capillary wave
ampiitude. A variety of mechanisms can alter
the wave amplitude. Internal waves, organic
films, surface wind, currents and bottom
topography are a few examples.

For the Gulf Stream, sunglint features and
features in aircraft radar imagery are
associated with the frontal processes present
in the area.

Observations suggest that these features are
often due to roughness variations which in
turn are due to variations in the stability of
the atmospheric boundary layer caused by the
large water temperature difference between the
Gulf Stream and adjacent areas.

Seasat scatterometer data reveals variations
in radar backscatter which are related to Gulf
Stream frontal features. Examples are
presented for differing meteorological
conditions and the implications for ocean
current monitoring are discussed.
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THE USE OF SATELLITE RADAR IMAGES TO
STUDY MAJOR OCEAN CURRENTS

H.J. Schultz

R.A. Shuchman (Both at: Environmental
Research Institute of Michigan, Ann
Arbor, MI 48107)

G.A. Meadows (Department of Atmospheric
and Oceanic Science, The University
of Michigan, Ann Arbor, MI 48109)

SEASAT SAR (synthetic aperture radar)
and altimetry data were compared with
in-<situ observations and bathymetric
data to investigate satellite remote
sensing techniques for studying major
ocean surface currents. SAR images of
the Gulf Stream region show linear sur-
face features representing regions of
increased radar backscatter. Since
microwave scattering theory predicts an
enhancement of radar cross section for
regions of increased surface roughness,
areas of strong current shear along the
Gulf Stream boundary should be discern-
ible on the imagery. The location of
the Gulf Stream boundary as determined
from the SAR images shows close agree-
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ment with the position calculated from
the altimetry data and in-situ obsexr-
vatigns. Application of this technique
permits large scale observations of
ocean surface features which are im-
practical by conventional means. In
addition, SAR techniques offer signifi-
cant advantages over other remote
sensors by retaining small scale as

well as synoptic sea surface information.
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THE ROLE OF RINGS IN THE CIRCULATION OF THE
NORTHWESTERN ATLANTIC

Donald B. Olson (Rosenstiel School of Marine
and Atmospheric Science, Miami, FL. 33149)

The significance of Gulf Stream rings to the
circulation of the region northwest of Bermuda
is considered. First the energetics of cy-
clonic rings are reassessed and earlier esti-
mates of ring available potential energy (APE)
shown to be in error. Based on the new ring
APE calculations and similar estimates for the
subtropical gyre the contribution of rings to
the gyre is discussed. The dependence of the
results on the ring population and different
strategies for obtaining the "mean" gyre APE
are explored. The results are also contrasted
with recent modelling efforts. The discussion
of ring energetics is followed by one on the
role of rings in the potential vorticity, heat,
and salt balances, While there are large
errors involved with estimates of these three
budgets it is possible to provide a first
order description of them given some simple
assumptions, Finally comments are made on
means for improving the gquality of these
types of estimates,
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SATELLITE AND HYDROGRAPHIC OBSERVATIONS OF GULF
STREAM RING PERTURBATIONS

Thomas W. Spence (Department of Oceanography,
Texas A&M Univ., College Station, TX 77843)

Richard Legeckis (National Environmental Sat-—
ellite Service, Washington, D.C. 20233)

Thermal infrared data from the NOAA polar
orbiting satellite and hydrographic observa-
tions from surface ships have been used to
describe wave-like perturbations around the
circunference of a Gulf Stream cyclonic eddy
in April 1977. After rectification, satel-
lite images show an elliptical feature near
36.5°N, 69.5°W. During mid-April, the orien-
tation of the major axes rotated counterclock-—
wise at w = 5 x 107% 57! | about 15% of the
maximum surface gradient velocity. Estimates
of w are obtained from the temperature field
observed by XBT and from the drifter track
obtained by Richardson (J. Phys. Ocn., 10,
90-104, 1980). The perturbation is described
as a stable mode of azimuthal wave number two
propagating in the direction of the mean
flow.
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AXBT MEASUREMENTS OF A GULF STREAM RING
ABOVE MUIR SEAMOUNT

R.H. Feden
J.M. Bergin (both at: Acoustics Division,
Naval Research Lab, Wash., D.C. 20375)

Airborne expendable bathythermograph (AXBT)
measurements were made of a gulf stream ring
on 14 and 16 May 1979. The ring was centered
above Mulr seamount which rises to within
about lkm of the surface. At the 300m depth
level the ring has dimensions of about 200km
x 130km based on the 17°C isotherm. The
lowest temperature recorded at the 300m
depth level was 11.1°C which gives a tempera-
ture contrast of about 7°C between ring center
and exterior Sargasso Sea conditions. The
most significant aspect of the measurements
involves a complex azimuthal structure which
seems to imply a four-lobed structure to the
ring. This structure may equivalently be
viewed as implying a wavelike structure to
the ring. The vertical amplitude of the
wave is approximately 100-150m based on the
topography of the 17°C surface. A strong
surface signature appears to be associated
with the deeper thermal structure. . There is
evidence of a cool band of surface water in
an annular region located above the deeper
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wavelike structure. An interpretation of Stream surface thermal front, ﬂuctuatior]s uniform current and is equipped with a heat
the cool band is that the 18°C thermostad in the subsurface temperature and flow f‘lg]ds exchanger to heat and cool the water.. The
has been raised to the surface by the wave have small amplitudes and several-day periods direction of wind in the tunnel can be reversed
and has partially mixed with the warmer in Onslow Bay. At times of less extreme de- and the wind system also has separate heat
surface water. flection, however, large wavelike meanders - exchangers to control temperature and humidity of
of the type described by Webster (1961) with the air flow. The range of bulk Richardson
a prominent time scale of -about 1 week form number (Riy) can be set to + 0.05 and the wind
in the Tee of the deflection and propagate velocity can reach 20 m/s with wind tunnel of 60
0 109 downstream at = 35 km d”'. Satellite images cm height. A mechanical wavemaker is also
suggest that the meanders grow temporally available and can be mounted to either end of the
GULF STREAM RING STRUCTURE AND EVOLUTION buggnot spatially. The mig-depth,pshelf— tank. .
OVER A SHORT TIME INTERVAL break, subtidal flow variance increases by Preliminary data of this facility will be
about a factor of 5 during the intense presented which include profiles of wind velocity,
J.M. Bergin (Acousties Division, Naval meander activity, which was present in humidity, temperature, and current.
Research Lab, Wash., D.C. 20375) Onstow Bay about 60% of the time from Janu-
ary to May 1979. The meandering currents
An extensive program of measurements of a were in-phase and coherent vertically, inco-
gulf stream ring was conducted in June 1979 herent with the local winds, and marginally 0 114
approximately 200k north of Bermuda, The coherent with coastal sea level fluctua-
primary aim of the oceanographic measure- tions. Satellite images and vorticity con- & AN OPTICAL SCANNER FOR MEASURING SLOPE AND
ments was to determime the large scale ring siderations suggest that the large meanders CURVATURE STATISTICS OF OCEAN WAVES
structure and its evolution over the period form when the Stream is relatively near-
of observation. A preliminary discussion of shore and interacts with the shelf-slope
the measurements carried out by one of three topography. Whether or not they form may 8. P. Haimbach, Y-H. L. Hsu and Jin Wu
participating ships shall be glven. Measure- be a sensitive function of flow parameters (College of Marine Studies, Univeristy of
ments were made by expendable bathythermo- upstream of the deflection. Delaware, Newark, Delaware 19711)
graph probes and a rapidly sampled sea chest
thermistor. During a seven day period two The sea surface features shorter waves
pinwheel patterns were made of the ring. riding on longer waves. Recently, there is a
The isotherm pattern at 300m indicates that 0 112 great deal of interest in determining statistic
the ring has an egg-shape as opposed to a patterns of fine structures of the sea surface
circular shape with dimensions of about ROTARY SPECTRA OF GULF STREAM MEANDERS under various wind conditions, The ripples
200km x 130km. A change of about 600m in OVER THE CONTINENTAL SLOPE OFF ONSLOW composing these structures not only are directly
the vertical occurs for the depth of the BAY, NORTH CAROLINA involved in both wave generation by the wind and
10°C isotherm as one goes from the exterior wave—energy dissipation by viscosity, but also
Sargasso conditions to the center of the Mark E. Luther reflect and scatter acoustic, light and other
ring. A comparison of the two estimates of John M. Bane (both at: Curriculum in electromagnatic waves impinging on the sea
the ring structure at 300m seems to imply Marine Sciences, University of surface. !
that the ring structure is rotating about North Carolina, Chapel Hill, NC 27514) An optical scanner, utilizing the light
the vertical with a rate of about 10°/day. David A. Brooks {(Texas A&M University, reflection principle, has been designed and
The importance of the measurements is that College Station, TX 77843) tested. The instrument scans the sea surface at
they imply gulf stream rings may have a a high speed and the data can be analyzed to
substructure possibly due to the mixed baro- A rotary spectral analysis of determine slope and curvature distributioms in
tropic-baroclinic instability mechanism current data from the inshore edge of any direction with respect to the directiom of
theoretically studied by Hart and others. the Gulf Stream off North Carolina . the wind. Some preliminary results along with
shows a strong cyclonic rotational description of scanner operation and procedures
component of the current hodograph in of data analysis are also presented.
4 the frequency range of 0.1 to 0.3
cycle/day. The current records from
0110 four moorings in an L-shaped array .
DEEP VELOCITY OBSERVATIONS BENEATH A GULF ;ﬁ‘e’eiotgiyngégirga’f‘girglfotﬁzycigzggt 8 115
STREAM MEANDER OFF OMSLOW BAY records show a large portion of the 10
E.R. Levine (Code 3635, Naval Underwater rotating varianse 0 o Tl te bo%s
Systems Center, Newport, RI 02840) C;Z§e/§:3u cogresponding.to cyclonic Jin Wu (College of Marine Studies, University of
i 5 I
gr.‘alzg:‘?nwggg?ig;ll?,Dl:lg\fangg;SE)wch Lab- rotelltion of the current vector at Delaware, Newark, Delaware 19711)
’ ' perz}.otzisdof 7 toA 9 da{s, w;t};ozhe peak A scaling law of wind-stress coefficients is
Velocity and temperature measurements g‘e:mo(.iulai{zr'l of :ﬁglptii}:evsgries is per- presented to illustrate explicitly that the
were obtained form an Aanderra current meter £ ed in this band Estimates of coefficient increases with wind velocity and
moored 52m above the bottom (540m depth) at dorm p hase s éed of 39 to 45 decreases with fetch; physical reasonings of both
33032.0'N, 76015.1'W from August 17-21, 1977. k;‘}g: re:gdpwaveleg ths on the order trends are discussed. Besides being shown pre-
During this period, 18 traverses of a 100km of BOg'km confirm garlier estimates viously to be related to a criterion determining
XBT-CTD section were made between 33943.5'N, btained %rom 2 one-sided spectral airflow separation from waves, the Charnock
76047,2'W and 32039.0'N, 75°12.0'W, which gnai“s‘?s of the data Thesg values relation is further associated with the critical
crossed the current meter mooring and were are Zonsistenﬁ with (.)bservations from roughness Reynolds number identifying regimes of
oriented approximately perpendicular to the an airborn XBT survey and from the atmospheric surface layer. Intrinsic errors
Gulf Stream. satellite infrared imagery of the amjl J..:Lmltatlons of the Charnock relation, which
Results from the hydrographic survey show area provides an overall correlation between stress |
that the Gulf Stream axis as defined by the M coefficient and wind velocity, are illustrated. A H
159 isotherm at 200m shifted offshore approx- probable nondimensional expression, a refinement
imately 25km and returned in four days. A of the Charnock relation, is proposed between the
comparison of vertical sections at maximum roughness length and the wind-friction velocity
and minimum seaward displacements show . involving not only gravity but also surface
changes in the depth of the 150 isotherm of - . tension and viscosity. Previous compilation of
100-150m. Results from the moored current waves and Alr-sea wind-stress data obtained with eddy-correlation
meter indicate that the near bottom flow was - and wind-profile methods is found to be consistent
to the northeast along the bathymetry when Interactlon with recent results obtained with similar techn—
the Gulf Stream was inshore; however when the iques. A single, linear-law empirical formula for

Stream was offshore the ~ 40cm/sec deep flow Metropo”tan Center estimating oceanic wind-stress coefficients at all

was to the north or northwest, moving opposite wind velocities is suggested, and appears to
to the direction of upper ocean flow indicated Fl’lda P M provide a better representation than the power-law
by isotherms.- y . . formula proposed earlier. Finally, recent results

Thus, during the growth of the meander, a on relating roughness length to sea-surface
compensating onshore flux was observed at M. Donelan (Canada irregularities, and on relating stress coefficient
depth. Assuming a two-layer ocean bounded to roughness Reynolds number and to dominant-wave

by the 159 surface, the observed deep currents Centre for Inland WaterS), characteristics are discussed.

and changes in vertical structure are con-

sistent with an intrusion of deep cold water PreS|d|ng

with a vertical extent of several tens of

meters over the i .
meters over the duration of the onshore flow 0 116
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AN EXTENDED MILES' THEORY FOR WAVE GENERA-
A NEW WIND-WAVE-CURRENT RESEARCH FACILITY AT THE TION BY WIND
0 111 UNIVERSITY OF DELAWARE . :
D. S. Riley (Dept. of Mathematics, The University,
WINTERTIME GULF STREAM MEANDERS IN ONSLOW R. J. Lai and Jin Wu Southampton, U. K.)
BAY, NORTH CAROLINA (College of Marine Studies, University of W. H. Hui (Dept. of Applied Mathematics, University of i
Delaware. Newark. Delaware 19711) Waterloo, Waterloo, Ontario, Canada)
David A. Brooks (Dept. of Oceanography, Texas . M. A. Donelan (Hydraulics Research Division, National i
AM University, College Station, TX 77843) A Wind-Wave-Current Research Facilitv has Water Research Institute, Canada Centre for Inland !
been constructed to study air-sea interaction and Waters, Burlington, Ontario, Canada) ' |
The intensity and nature of cyclonic Gulf environmental fluid dynamics. This facility '
Stream meanders in Onslow Bay are dependent consists of twoe closed, controlled flow loops Miles' inviscid theory of surface wave generation by
on the details of the quasi-permanent off- within “the same tank; one loop is water and the wind is (a) modified by replacing the logarithmic shear
shore Stream deflection that occurs = 150 km other is air. The width and height of the tank flow with a mean turbulent velocity profile over a flat
upstream off Charleston, SC. At times of are 1 m and 1.3 m respectively and the length is plate which applies down to the plate surface, and (b)
extreme offshore deflection of the Gulf 42 m. The tank can be tilted to generate a extended to include the effects of air flow turbulence
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by considering the wave modified mean flow as repre-
sentative of the mean of the actual turbulent air flow
over water waves and using this in a mixing-length
model.

Modification (a) increases the magnitude of the in-
phase (with wave height) coinponent of the perturbation
pressure but has only a small effect on the out-ofphase
component. In contrast, the air flow turbulence is
shown to increase the out-of-phase component of
pressure by a small but significant amount, whilst
leaving the in-phase component almost unchanged. It
also gives rise to a damping of waves travelling against
the wind. When the modifications (a) and (b) are
combined, the present extended Miles' theory is com-
pared with the recent field experiments of Snyder,
Dobson, Elliottand Long.
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ESTIMATES OF KINETIC ENERGY, SHEAR, AND REYNOLDS
STRESSES FROM OBSERVATIONS OF WIND WAVE MOTION
NEAR THE SEA SURFACE

David Shonting (Naval Underwater Systems Center,
Newport, RI 02840)

Robin Robertson (Dept. of Ocean Engineering,
University of RI, Kingston, RI 02882)

Analysis is made of Eulerian velocities
associated with wind waves reasured with minia-
ture ducted impeller meters in the wpper IC W from
a pier platform in Narragansett Bay. The fast
response sensors are shown to spectrally resclve
the particle motions of the wind generated waves.
The velocities displayed an exponential decrease
in variance ("eddy" kinetic energy) with depth.
Running variances of vertical velocities with
depth displayed flow of energy from the surface
clearly related to changing wind stress and
propagating downward at 0.5 cm/s. Running mean
horizontal velocities display a vertical shear
varying with wind speed. Beneath the velocity
effects of surface waves an ambient turbulence
Tevel appears 1ngependent of depth and ranged
from 5-20 erg/cm”.

Running va]ues of estimated Reynold stress
beneath the sea surface indicate that "bursting”
plays an important role in the momentum.flux and
that long term temporal (or spatial) "averaged
values" of oceanic wind stress vectors may be
misleading. Evaluation of the equation of the eddy
kinetic energy baiance provides order of magnitude
estimates for the eddy energy dissipation and
pressure work terms.
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SIMULTANEOUS MEASUREMENTS OF BUBBLES AND SPRAY
PRODUCED BY BREAKING WAVES

Y.-H. L. Hsu and Jin Wu
(College of Marine Studies, University of
Delaware, Newark, Delaware 19711)

Sea spray can be produced by several
mechanisms; among them the bursting of air bubbles
entrained by breaking waves has been considered by
many as the principal mechanism. This, however,
has not been verified experimentally.

Simultaneous measurements of water droplets
in the air and air bubbles in water are performed
in a laboratory wind-wave tank. The results
include temporal size distributions of droplets
and bubbles and the correlation of these results
with those of wave breaking.

0 119

EVAPORATION COEFFICIENT OF THE SEA SURFACE
FROM EDDY FLUX MEASUREMENTS

S.D. Smith (Atlantic Oceanograhic Laboratory,
Bedford Institute of Oceanography,
Dartmouth, Nova Scotia, Canada, B2Y 4A2)

R.J. Anderson (Atlantic Oceanographic Labor-
atory)

Eddy correlation measurements of water
vapor, heat and momentum fluxes have been made
at a fixed tower near the water’'s edge on a
low, sand island. The quantity of evaporation
data collected is nearly-equal to the total of
similar data in the literature, and extends
the range of conditions to include stable
stratification and downward vapor flux. The
evaporation coefficient

Cg = <P u3>/[Ur0(p - <o »)]

has a value of 1.3 x 1073 1n neutral conditions.
The coefficient is found to vary with stability
in accordance with accepted empirical profile
laws and to increase significantly with
increasing wind speed at this shoal locatiom.
Our values of the Bowen ratio of sensible
to latent heat flux are found to vary widely
with meteorological conditions and do not con-
form to empirical functions of temperature
only as proposed by several authors
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COMPARISON OF WIND WAVE SPECTRA DETERMINED FROM
SYNTHETIC APERTURE RADAR IMAGERY AND FROM A
TOWER IN LAKE MICHIGAN

David J. Schwab

Paul C. Liu (both at: NOAA, Great Lakes Envir-—
onmental Research Laboratory, Ann Arbor, MI.
48104)

Robert A. Schuchman (Environmental Research In-
stitute of Michigan, Ann Arbor, MIL. 48107)

Directional wave spectra calculated from
digitized synthetic aperture radar (SAR) images
of waves on Lake Michigan are compared to a
wave directional spectrum determined from mea-—
surements taken at a solar-powered research
tower and to a one-dimensional spectrum deter-
mined from a Waverider buoy. The SAR system
was operated by ERIM on a track across Lake
Michigan on Oct. 6, 1977. The tower and Wave-
rider buoy were deployed by GLERL offshore of
Muskegon, Mi. from July to Oct., 1977, Peak
energy frequencies determined from the spectra
are within one frequenecy band and wave direc-~
tion with 20°, but the SAR image intensity
spectrum does not have the same shape as a wave
height spectrum. Wave refraction is observed
in the SAR spectra and wave directions are
within 10° of classical wave refraction calcu-—
lations,
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PHASE VELOCITY OF GRAVITY WAVES FOR
LOW AND MODERATE WIND CONDITIONS

B. L. Gotwols (all at: The Johns
rani Hopkins University

B. D. Morgan Applied Physics Lab.,
Laurel, MD 20810)

During a six-day interval, images of
sea surface gravity waves were obtained
with a charge coupled device television
camera mounted on the Stage I tower.
The area analyzed was a rectangle with
approximate dimensions 7 x 26 m.

Two 17-second image sequences have
been analyzed: one representing low
wind conditions (<1 m/s) and decaying
seas, the other moderate wind condi-
tions (~% m/s) and building seas. Each
sequence consists of 256 images, for an
effective sample rate of 15 frames/s.
Each image has been digitally processed
to remove perspective distortion, and
then a three dimensional power spectrum
was calculated. In this w-K space,
wave dispersion causes the spectral
density to be distributed about a
well-defined locus, from which the wave
phase velocity may be calculated. In
both data sets the computed phase velo-
city agrees with linear theory to
within ~10%.

A new technique for calculating (two
dimensional) wave-number directional
spectra from optical images has also
been developed. Integration of the
three dimensional spectrum over « from
zero to the temporal Nyquist frequency
yields a directional spectrum which
does not possess the 180° ambiguity in
wave propagatlon direction usually
present in optically determined
directional spectra.
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EQUILIBRIUM RANGE SLOPE FOR SHALLOW WATER
GRAVITY WAVE SPECTRA

C.E. Knowles (Department of Marine Science and
Engineering, North Carolina State University,
Raleigh, N.C. 27650)

According to Phillip's hypothesis, the equili-~
brium range in the frequency spectrum of wind-
generated surface waves has a -5 slope and is
given by:
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Sw) =BgZu ™3 3]
Kitaigordski, et a1(1975)have suggested a possible
dependence of this spectrum for finite depth.seas
on the water depth, h, and on dimensiomal grounds
obtained a new universal power law

S(w) =8/2ghu—3 (2)

As the authors point out, the equilibrium range
in (2) is determined by spectral components for
which the long-wave approximation is valid, but
show results that suggest the range of applica-
bility is much greater than that. Empirical data
obtained for a shallow sea with a horizontal~-
bottom, fit a -3 slope quite well. Recently,
Thornton (1977) derived a expression similar to
(2) for the velocity spectrum in the equilibrium
range and demonstrated the -3 slope from near shore
measurements. The empirical data described above
was from an ocean enviromment in 4 and 1.5m of
water, respectively.

The results discussed in this paper are from a
wave recording site in a relatively large enclosed
estuary, for depths of about 1.3m and winds from
about 3159T with speeds of 8m/sec. 1In all cases
(even those with multiple peaks in the range) a
-3 slope fit the data much better than a -5 slope,
even though the condition of horizontal bottom
relief probably was not satisfied.

In addition, the non-dimensional spectral peak
frequency, v, when plotted against non-dimensional
fetch, %, had the same -.33 power slope as the
JONSWAP relation . _ 33

= 3.5%, ° (3)
but had a constant of 4.2, as long as the fetch
used was the effective fetch with a cosine distri-
bution about the wind axis. Agreement was very
poor for a simple fetch.
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AN OPERATIONAL SEA STATE MODEL FOR FORECAST
SUPPORT OF OFFSHORE DRILLING

T. B. Low, Meteorological & Environmental
Planning Ltd., Downsview, Ontario
M3J 2ch

R. Goodman, Esso Resources Canada Ltd., Calgary,
Alberta, T2G 2B3

T. E. Keliher, Nordco Ltd., St. John's, Nfld.
AlB 372

Offshore drilling in petroleum exploration is
highly affected by meteorological and oceano-
graphic conditions. Accurate forecasting of the
surface wind field and the resultant sea state
are necessary to carry out the drilling
operations in a safe and cost effective manner.
Such exploratory drilling was performed in the
Davis Strait at 63.0° N latitude and 59.0° W
longitude during the summer months of 1979.

In order to provide supporting forecasts of
the ocean wave parameters, the Wilson-Trajer
numerical wave-ray model was implemented for the
drill site and run during the drilling period.
Waves were generated at 300 km intervals over
a radial grid according to Wilson's (1955)
parameterization of the Sverdrup and Munk (1947)
wind wave relationships for deep water. = These
waves were propagated towards the drill site and
attenuated according to the Bretschneider {1970)
decay curves., The model was run with 12 br.
time steps and provided forecasts at each time
step for 48 hours. The input wind field con-
sisted of geostrophic winds over 25 grid points,
and the surface wind and fetch at the target
point. Forecasted sea parameters were the sea
and swell wave heights and periods and the 12 hr.
maximum swell component. These parameters could
be combined into a significant wave height fore-
cast. Verification by visual observations and
buoy data showed the model to be an effective
tool for sea state predictions in this area.

Southern Ocean Stud-
ies|

Harbour B

Saturday A.M.

Worth D. Nowlin (Texas
A&M), Presiding
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POLEWARD HEAT FLUX BY MEAN GEOSTROPHIC
MOTIONS IN THE SOUTHERN OCEAN

Roland A. de Szoeke

Murray D. Levine (both at School of
Oceanography, Oregon State University,
Corvallis, OR 97331
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A method has been devised for calculating
net oceanic poleward heat flux by mean geo-
strophic motions using historical hydro-
graphic data. The method depends on inte-
grating along a path of constant vertically-
averaged potential temperature, and does not
depend on assuming a "level of no motion."
The method was applied to the circumpolar
Southern Ocean between 50°-60°S. The errors
in the calculation were carefully estimated
by statistical methods. "Worst-case" and
"hest-case" error estimators were devised,
differing in assumptions about vertical
correlations of errors. The heat flux
estimate was an insignificant -3 X 1013 w
(polewards}, since the worst-case and best-
case standard deviations were 3 X 1014 W,
and 7 X 1013 W, respectively. For compari-
son, Gordon (1975) has estimated the heat
lost by the ocean to the atmosphere between
the Polar Front and Antarctica to be
3.8 X 1014 W; estimates of atmospheric
poleward heat flux are of similar order.

Our estimate, with its standard error,
precludes a heat flux by mean geostrophic
motions of such magnitude. To account for
Gordon's figure another mode of oceanic
heat transport must contribute, possibly
eddy heat flux as suggested by Bryden (1979),
or intense topographically trapped bottom
currents.
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OBSERVATIONS OF EDDIES AND THEIR EFFECT IN THE
ANTARCTIC CIRCUMPOLAR REGION

Harry L. Bryden (Woods Hole Oceanographic Ins-—
titution, Woods Hole MA 02543)

Eddies have been observed in all regions of the
Southern Ocean. These eddies have horizontal
scales of 30 to 120 km, are vertically coherent
from the sea surface to the bottom, and have ki-
netic energy at least as large as that of the
time-averaged Antarctic Circumpolar Current.
These eddies also are observed to transport heat
poleward, perhaps enough to balance the heat lost
to the atmosphere by waters south of the polar
front, and the entire water column contrubutes to
this poleward heat flux. Such eddy heat trans-
port suggests reconsideration of the classical
model of meridional circulation in which Antarc-
tic Intermediate Water and Antarctic Bottom Water
flow equatorward and North Atlantic Deep Water
flows poleward. It is possible that the meri-
dional temperature and salinity distributions,
which led to this classical circulation model,
are maintained by eddy fluxes of heat and salt
with no net circulation. Because baroclinic in-
stability theory predicts poleward eddy heat tra-—
nsport which is observed and because it is dif-
ficult to maintain zonally-averaged meridional
circulation in the circumpolar region where no
net zonal pressure gradient can exist, it is
sensible to replace the classical conveyor belt
mechanism of meridional heat transport with the
mechanism of eddy heat transport with no net
mass transport.
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AUSTRALASIAN SQUTHERN OCEAN FRONTAL
STRUCTURE ~ SUMMER 76/77

R.J. Edwards (CSIRO/Oceancgraphy, Cronulla,
N.5.W., Australia)

W.J. Emery (Department of Oceanography,
University of British Columbia, Vancouver,
B.C., Canada. V6T 1W5)

Fourteen north-south expendable bathy~
thermograph temperature sections are used
to define the positions of the Subtropical
convergence, the Subantarctic Front and the
Polar Front in the Australasian sector of
the Southern Ocean. 7Yhe data were col lected
by supply vessels fransiting to the Antarctic
mainland in the austral summer of 1976/77.
Frontal features are identified on the basis
of both temperature structure and observa-
tions of surface salinity. The Polar Front
is found to be more convoluted than the
other fronts leading to wide and narrow
sections of the Antarctic Polar Frontal Zone
beiween it and the Subantarctic Front. South-
west of Australia the Subantarctic Front
shifts north to join the Subtropical Conver-
gence and the Antarctic Potlar Frontal Zone
is at its widest. After a southward shift
of all three fronts, south of eastern
Australia, they separate to give almost
equal separations of about 700 km between
fronts southeast of New Zealand. The homo-

genous Subantarctic Mode Water between the
Subantarctic Front and the Subtropical Con-
vergence is found to be progressively warmer
towards the west.
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INTRUSIONS AT THE POLAR FRONT

E.P.W. Horne

J. Toote

T.M. Joyce (all at: MWoods Hole Oceanographic
Institution, Woods Hole, Mass. 02543)

CTD data taken across the polar front south
of New Zealand will be presented. The data
contains a Tot of interleaving with layers on
the order of 10-100 m thick and extending
over distances of up to 9 km in the cross-
frontal direction. The polar front will be
shown to be coincident with the maximum
temperature variance over the intrusion wave-
Tength. A new method for lag correcting CTD
data down to scales of 1 m will be briefly
discussed and the importance of doing this
correction properly when mixing ratios are
calculated is stressed. The layers will be
shown to cross density surfaces as they in-
trude with density changes consistent with
those predicted by applying laboratory for-
mulae for double diffusive fluxes at the
Tayer interfaces. The heat, salt and density
fluxes across the front will be estimated by
applying the model of Joyce (1977) to the
data and their importance to the overall
thermohaline balance in the southern ocean
discussed.
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THE NATURE OF THE POLEWARD HEAT FLUX DUE TO
LOW-FREQUENCY CURRENT FLUCTUATIONS IN
DRAKE PASSAGE

F. Sciremammano, Jr. (Coastal Plains, Inc.,

Atlantic City, NJ 08401)

Values of poleward heat flux and its vari-
ability are presented for nineteen long-term
current meter records obtained in Drake Pas-
sage during 1975, 1976 and 1977. Most of the -
records (10) are in the center of the passage
near the historical location of the Polar
Front whgfe the flux is found to averags
1.7 W em ~ with a range of .9—2;§ Wem © and
a standard deviation of .7 W cm =, A large
spatial variability is present in the measur—
ed heat flux. During one six month peried,
heat flux values differing by factors of 2.7
and 2.1 occured in current meters operating
concurrently and separated by 40 km and 13 km,
respectively. There is no obvious depth de-
pendence in the measured heat flux.

The heat flux process is shown to be domin-
ated by events with time scales of 5-60 days
and longer which occur on the orxder of 3 to 10
times per year at any location. In general,
three or fewer events contribute most of the
flux for the year.

A comparision of measured scales, vertical
phase structure and propagation speeds agree
very well with those calculated from linear
baroclinic instability theory applied to the
eastward current jets observed in Drake Pas-
sage. The mechanisms giving rise to the de-
stablizing vertical shear and those respon-
ible for the eventual equibration of the fluc-
tuations are not yet clearly identified, but
may be specific to Drake Passage.

These findings suggest that caution should
be exercised in the extrapolation of mean heat
flux values obtained from point measurements
in the Southern Ocean.

0 129

MERIDIONAL FLUX OF SILICA IN THE DRAKE
PASSAGE

J.C. Jennings, Jr. (School of Oceanography
Oregon State University, Corvallis, Or
97331)

(Sponsor: Louis I. Gordon)

A linear regression of dissolved silicate
(Si03) on temperature (T) for Drake Passage
IS0S stations in the polar frontal zone allows
cross-frontal fluxes of silicate to be
estimated from low-frequency heat flux
calculations based on current meter records.
Between 1000 m. and 3000 m., a consistent
ASi02/AT is found with a mean value of 31.6 ug-
atom-1-1.°c~1. Comparison with the heat flux
data results in an estimated equatorward flux
of dissolved silicon of 3-7 x 106 g.s-1 in the
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Drake Passage. Because the cross-frontal
slope of the dissolved silicate isopleths is
less than that of the isopycnals, diffusion
along isopycnals in this region will result in
a poleward flux of dissolved silicon which is
of the samg order as the cross isopycnal low-
frequency flux. The combination of these two
processes may help to explain the silicate
enrichment of Antarctic waters without requir-
ing large vertical diffusion coefficients or
generalized upwelling.
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SPECULATIONS ON THE IMPACT OF ZOOPLANKTON
EXCRETION ON THE NH4+ CYCLING IN THE SOUTHERN
OCEAN

D.C. Biggs (Dept of Oceanography, Texas A&M
University, College Station, TX 77843

Ammonium (NH4+) is a preferred nitrogen
source for phytoplankton growth and the
principal nitrogenous waste excreted by
zooplankton and micronekton. Zooplankton
excretion apparently provides a significant
percentage of the total daily nitrogen re-
quirements of phytoplankton in tropical and
subtropical oligotrophic open-ocean regionms,
and in some coastal and upwelling regions as
well, but little is known of its relative
importance for phytoplankton production in
the Southern Ocean. In austral summers 1978
and 1979, NH4+ was present at average con-—
centrations of 0.2 ug-at liter—l and 1.0
ug-at liter~l in the euphotic zones of the
Ross Sea and Scotia Sea, respectively, and
was excreted by resident zooplankton at
rates of 0.9 ug-at NH4+ g1 wet wt B~
(or greater). Using these data in conjunc=-
tion with estimates, made by other Southern
Ocean researchers, of 0.7 g wet wt m~~> for
epipelagic zooplankton biomass and a daily
phytoplankton nitrogenous requirement of
90 ug-at N m~3, T suggest that NH,t excre-
tion by epipelagic zooplankton is adequate
to supply about 16% of the daily nitrogen
requirement of southern ocean primary pro-
duction or daily regenerate 2% - 8% of the
total amount of NH4+ present in Antarctic
surface waters. Since zooplankton densities
within patches (i.e., krill swarms) may be
several orders of magnitude greater than
the regional mean biomass, biogenic regenera-
tion of NH4+ may spatially and temporally be
adequate to supply 100% of the nitrogen
requirement for primary production and to
rapidly turn over NH4+ in the photic zome.
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USE OF THE ANTHROPOGENIC COz SIGNAL AS A
TRACER IN THE SOQUTHERN OCEAN

C-T Arthur Chen, (School of Oceanography
Oregon State University, Corvallis, OR
97331)

Publication of the excellent GEOSECS
alkalinity and total €Oz data has made it
possible to calculate the anthropogenic COy
increase in the oceans, directly, instead of
resorting to the indirect study of the
transient tracers, namely, tritium and C-14,
Because of the relative abundance of CO; data
as compared to the limited number of
measurements for transient tracers, detailed
vertical praofiles showing theMexcess COp"
penetration can be studied at far more
stations than previously possible. These
profiles can be used to analyze the structures
of water columns and movement of water masses.
They can also supplement the transient tracers
data in providing dating information for waters
less than 130 years old.

Preliminary results in the Southern Ocean
regarding the variations in the depth of
anthropogenic COy penetration across the Polar
Front, and the Drake Passage using GEOSECS, IGY
and the Phoenix Expedition data will be
presented.
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FURTHER CONSIDERATION OF THE
SEASONALITY OF ANTARCTIC SEA ICE

Arnold L. Gorxdon (Lamont-Doherty
Geological Observatory,
Palisades, New York 10964)

Each spring-summer period, with-
in the 60°-70°S belt of the
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Southern Ocean, the winter accu-
mulation of sea ice disappears
within 100 days. Estimates of the
amount of heat needed to accomplish
this task are in excess by a factor
of two over what may be expected

to be provided by the atmosphere.
The remainder must come from the
large reservior of heat lying below
the Southern Ocean pycnocline.

The annual ocean heat loss in the
60°-70°s belt is _calculated to be
about 27 Kcal/cmz.yr. Upward motion
of the pycnocline induced by Ekman
divergegce would supply about 11
Kcal/cm®,yr. It is suggisted that
the remaining 16 Kcal/cm®.yr. is
derived from diffusive cross-
pycnocline flux, requiring an ef-
fective X,/€ of 2.0 em?/sec. While
this valué seems large, it is noted
that the Southern Ocean pycnocline
separating cold-fresh surface from
warm-salty deep water is relatively
weak. The weakly stable pycnocline
is a consequence of the (P-E) + R
value, which is only large enough
to marginally counter the buoyancy
removal of the upwelling deep water
due to atmospheric cooling. Slight
annual variations of (P-E) + R
would have strong effects on the
pycnocline stability, cross-pycno-
cline heat flux and hence season-
ally of the Southern Ocean sea ice.
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SEA ICE, WINTERTIME CONVECTION AND THE TEMPERA-
TURE MINIMUM LAYER IN THE SOUTHERN OCEAN

John M. Toole (Woods Hole Oceanographic Institu-—
tion, Woods Hole, MA 02543)
{Sponsor: « R. Schmitt)

The air-sea interactions of the near surface
waters of the Southern Ocean are investigated
with a three-dimensional, time-dependent, numer-—
ical model. The surface waters in this region
in summer are characterized by a relatively warm
surface mixed layer with low salinity. Below
this layer, a cold temperature extremium is usu-
ally observed which is believed to be the remnant
of a deep surface mixed layer produced in winter.

Wintertime convection of the surface mixed
layer is shown to be strongly influenced by the
presence of sea ice. The ice acts to insulate
the ocean which could inhibit convection though
the heat flux through leads in the ice and. the
brine ejected during ice formation can continue
to drive convection. The sea ice in turn is
sensitive to the structure in the underlying
water. Heat which is transported to the sea ice
by vertical convection or lateral advection is
seen to inhibit ice growth.

The numerical model computes the annual sea
ice field oscillation in the Southern Ocean and
its effects on the near surface waters. The
observed characteristics of the surface mixed
layer and the temperature minimum layer axe
reproduced well by this model. The predicted
annual heat flux from the Southern Ocean to the
atmosphere is not large but this results is
strongly dependent on the lead area in the sea
ice field.
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FINESTRUCTURE IN THE CIRCUMPOLAR DEEP WATER

Daniel T. Georgi (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543

The Circumpolar Deep Water (CDW) potential tem-—
perature/salinity (8/S) relationship changes
markedly between the Drake Passage and the South-
western Indian Ocean. After the CDW has traversed
the South Atlantic, the mean 8/S relationship.has
rotated towards higher salinities for 8 greater
than 1°C and towards lower salinities for € less
than 1°C. Lateral mixing with the warmer and
saltier North Atlantic Deep Waters (NADW) and the
colder and fresher Weddell Deep Waters is respon-
sible for this change. The thermohaline fine-
structure, temperature and salinity inversioms,
observed on continuous salinity-temperature-depth
soundings in much of the South Atlantic presumably
is the signature of this lateral mixing.

Deep water finestructure is particularly evident
in the southwestern Argentine Basin: 1°C tempera-
ture inversionswith 100 to 250 m vertical scales.
This finestructure occurs primarily between 1500
and 2500 m, the depth of the NADW/CDW confluence.
The intensity of the finestructure is quantified
by calculating the temperature-gradient variance

in the 32 to 256 m vertical wavelength band.

The southwest Argentine Basin finestructure
intensities are compared to those calculated with
data from the Drake Passage, Scotia Sea, the cen-
tral and eastern Atlantic and the southwest Indian
Ocean. Only the finestructure in the 36.9 to
37.08 potential~density (relative to 2000 db)
range was considered. The largest variance levels
occur in the Argentine Basin, the smallest in the
Drake Passage, while those in the Southwest Indian
Ocean were intermediate. Variance levels in the
Scotia Sea were similarly low to those in the
Drake Passage except fur a few isolated stations
which reveal the influence of NADW.

The temperature-gradient variance data from the
Argentine Basin is then used to estimate the
lateral heat and salt flux in the NADW/CDW conflu-
ence. The calculated lateral heat flux is of
order 1 x 107% °c m s™! and the lateral diffus-
ivity of order 100 m? s,
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CIRCUMPOLAR PROPERTIES OF ANTARCTIC INTERMEDIATE
AND SUBANTARCTIC MODE WATERS

Alberto Piola (Woods Hole Oceanographic Institu-
tion, Woods Hole, MA 02543)
(Sponsor: Daniel T. Georgi)

Antarctic Intermediate Waters (ARIW) and Sub-
antarctic Mode Water (SAMW) are studied by exam—
ining their density and salinity modal character-
istics around Antarctica. The study is focussed
on two zones: 35°S to 40°S and 40°S to 45°S.

Each zone is subdivided into 15 regions. For each
region, a density and a salinity histogram are
plotted with class intervals of .05 Kgm/m3 and

.02 %, respectively.

Changes are gradual across each of the three
oceans and are presumed to represent changes of
AAIW and SAMN properties. Large salinity and den-
sity changes (.15 %, and .5 xgm/m3) occur between
the Southeast Atlantic and Southwest Indian Oceans.
Further analysis of the transition region indicate
that these changes are not due to variations of
ARTW properties but represent two different and
distinct water masses.

Similarly, discontinuities are observed in the
Southern Tasman Sea which can be explained by AAIW
circulation involving two different types: the
fresher AAIW {34.35.%, ) entering from the south
and the saltier (34.45 %, ) entering from the
northeast.

Ocean heat content seascnal variation and ocean-
atmosphere heat fluxes are estimated by comparing
summer and winter oceanographic data in the Scotia
Sea. The results agree with those arrived at by
the analysis of long term meteorological observa-
tions.

Southern Ocean Stud-
ies

Harbour B

Saturday P.M.

Worth Nowlin (Texas A&M),
Presiding
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SVERDRUP RELATION IN THE SOUTHERN OCEAN

D. James Baker, Jr. (Department of Oceanography
University of Washington, Seattle, WA 98195)

New data on wind and hydrography, and direct
current measurements in the Drake Passage as part
of the International Southern Ocean Studies (ISOS)
allow a crude but quantitative test of the hypoth-
esis that the Antarctic Circumpolar Current (ACC)
is governed by the Sverdrup relation. The dynamic
topography of Cordon, Molinelli, and Baker shows a
southward flow in the Southeast Indian Ocean, in
agreement with southward Sverdrup flow calculated
from the wind stress data in that region. The
wind stress curl is substantially weaker in both
the South Atlantic and South Pacific Oceans. The
magnitude of the southward geostrophic flow is in
agreement with the magnitude of the flow. through
the Drake Passage (estimated from the ISOS measure-
ments), most of which turns northwards after
leaving the passage. Thus the main driving region
for the ACC may be in the Indian Ocean.
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ATMOSPHERIC STOCHASTIC FORCING OF THE SOUTHERN
OCEAN

Yves J. F. Desaubies (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543)
(Sponsor: Raymond Schmitt)

The forcing of an idealized model of the
Southern Ocean is considered. The ocean is
taken to be bounded to the south by a latitude
circle, unbounded to the north, the bottom to
be flat. A decomposition of the ocean motion
in vertical, zonal and meridional is effected
and those modes are regarded as having random
phases, i.e. uncorrelated Fourier components,
The atmospheric pressure and wind stress fields
are likewise decomposed, The response for the
bottom pressure is estimated by summation
over the barotropic and baroclinic modes. The
response to the zeroth order zonal mode (the
zonally averaged) wind field is of particular
interest and is dominated by the wind stress
(rather than the pressure) for all frequencies
of interest. The frequency power spectrum
is estimated. Comparisons with data by Wearn
and Bakexr are made.
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THE GENERAL CIRCULATION OF SOUTHERN HEMISPHERE
OCEANS: EDDY-RESOLVING NUMERICAL EXPERIMENTS

W.R. Holland (National Center for Atmospheric
Research, Boulder, Colorado)

Studies of closed, mid-latitude ocean basins as
well as open (channel) geometry oceans using
eddy-resolving models have begun to explore the
role of eddies in the general circulation. For
the most part these two types of geometry have
been treated separately whereas in actual
southern hemisphere oceans the termination of
continental barriers (at their southern ends) may
lead to active interaction between the Circum-
polar Current and mid-latitude gyre circulations.

These circumstances are explored in a pre-
liminary set of numerical experiments in
multiply-connected basins geometrically similar
to oceans of the southern hemisphere. Initial
results show that eddy dynamics play a central
role in determining the large-scale wmean flow,
The nature of the western boundary currents
(analogues of the East Australiian, Agulhas, and
Falkland Currents) and of the Circumpolar Current
is strongly dependent upon the geometry of the
boundary and the structure of the wind forcing.
Important factors include the latitude at which
the boundary terminates and the relative ampli-
tudes of mid- and high-latitude wind stresses.
Other geometrical complications (such as the New
Zealand land barrier) are also important.
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GEOSTROPHIC TURBULENCE IN WIND-DRIVEN, S-PLANE
CHANNEL

James C. McWilliams (National Center for Atmo-
spheric Research, Boulder, Colorado 80307)

An equilibrium turbulent numerical solution
is obtained for a model ocean which is adiabatic,
hydrostatie, baroclinic, and quasigeostrophic and
is driven by a steady, inhomogeneous, zonal sur—
face wind stress. This is perhaps the simplest
analog for the Antarctic Circumpolar Current in-—
volving explicit calculations of the large-scale
turbulence. The interior diffusive processes are
weak (i.e., the Reynolds number is large), but
there is a quadratic drag force at the bottom.
The mean circulation is balanced by lateral and
vertical turbulent fluxes of heat, momentum, and
potential vortieity; the turbulence is maintained
by baroclinic conversions of mean potential
energy (i.e., "baroclinic instability.”) Wave-
number spectra for the turbulence are smooth
functions of wavenumber and exhibit an extensive
"inertial range'" where the kinetic energy spec-
trum varies as k™%, as in isotropic, homogeneous,
2D turbulence (which this solution is not). The
turbulent energy balance in this inertial range
1s between non-linear transfer T from other wave-
numbers and local dissipation by bottom drag; this
result is in contrast to the vanishing T is clas-
sical, inviscid inertial range theory. A brief
discussion is presented on the relation between
this idealized calculation and theoretical inter-
pretations of Circumpolar Current phenomena.
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THE RELATTON BETWEEN WIND OVER THE SOUTHERN
OCEAN AND THE ANTARCTIC CIRCUMPOLAR CURRENT

R. B. Wearn, Jr. (Applied Physics Laboratory,
University of Washington, Seattle, WA 98195)

D. J. Baker, Jr. (Department of Oceanography,
University of Washington, Seattle, WA 98195)

Wind stress over the Southern Ocean is
calculated from the southern hemisphere grid
point atmospheric pressure data to determine
the spatial distribution and time variability
of the stress. The data is compared with geo-
strophic velocity at 500 m determined from
bottom pressure gauges across the Antarctic
Circumpolar Current at Drake Passage. Over
time scales longer than about 30 days, the
integrated wind stress over the Southern
Ocean is highly correlated with velocity
averaged across the passage, with wind lead-
ing velocity by about 9 days. These results
are consistent with the rate at which momentum
is put into the Southern Ocean by the wind.
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BAROCLINIC INETABILITY IN DRAKE PAGSAGE

Daniel G. Wright (Woods Hole Oceanographic Ins-
stitution, Woods Hole, MA 02543)

Eddy-like motions with periods of 10 to 20 days
and horizontal length scales (eddy diameters) of
50 to 100 km have been observed in Drake Passage.
A linearized baroclinic instability model is
applied to this area and a comparison with ob-
sexrvational results is made. Horizontal length
scales, periods and the vertical structure of
the perturbations are consistent with the con-
jecture that the observed motions tap the poten-
tial energy of the mean state by the process
of baroclinic instability. Further, some indi-
cation of the nature of the development of
these waves as they propagate through the
Passage is obtained.
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ROLE OF BATHYMETRY IN THE ANTARCTIC
CTIRCUMPOLAR CURRENT

Greg Holloway (Dept. of Oceanography, University
of Washington, Seattle, WA 98195)

{Sponsoxr: D. James Baker, Jr.)

A classical question concerning the Antarctic
Circumpolar Current (ACC) is how to balance the
wind input of zonal momentum or, equivalently,
to balance the wind driven meridional Ekman
transport. A very feasible mechanism can be
found in the interaction of a mean zonal flow
with underlying topographic features if there is
a correlation VIl where v is meridional velocity
at the bottom, h is the bottom elevation and
overbar denotes zonal average., Can we predict
VH from dynamics? ' Previous analytical studies
have been restricted unrealistically, e.g., to
steady solutions, simple topographic shapes, uni-
form upstream flows, small perturbation ampli-
tudes. Here we pose the problem statistically
dynamically: given a zonal wind stress, given
the variance spectrum of actual Southern Ocean
bathymetry and assuming equivalent barotropic
dynamics, we seek the wavenumber spectra of
velocity covariance and of velocity topography
correlation. Preliminary solutions are obtained
by a renormalized perturbation method.
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KINETIC ENERGY LEVELS AT DRAKE PASSAGE FROM
LONG TERM OBSERVATIONS, 1975-1978

W, D. Nowlin, Jr. (Department of Oceanography,
Texas A&M University, College Station, TX
77843)

R. D. Pilisbury (School of Oceanography, Ore-
gon State University, Corvallis, OR 97331)

Joseph Bottero (School of Oceanography, Ore-
gon State University, Corvallis, OR 97331)

Kinetic energy levels in the deep water
across Drake Passage and through the water
column in the central passage are described.
The 31 current records examined span the years
1975 through 1978. The energy spectra from
these nearly year long records show no signi-
ficant year-to-year variation but pronounced

spatial variability, The kinetic energy of
the mean motion (Kv) at depths greater than
2000 m increases southward from northern to
central passage locations. Examination of
fluctuation kinetic energy (Kp) by period
bands shows that the energy level for periods
between 2 hr and 2 day is rather uniform
across the passage. However, large values of
KF in the northern passage result primarily
from more meso-scale activity between 2- and
50-day periods, although there is also some
increase in K at that location for periods
greater than 50 days. Cumulative plots of Ky
and Kf versus time show that kinetic energy
densities approach long term values for spe-
cific records after intervals of the order of
4 months.

Fluctuation kinetic energy values in the
Antarctic Circumpolar Current (ACC) at Drake
Passage are compared with reported values from
the North Atlantic. Values south of Cape Horn
are comparable to those in the Gulf Stream. At
other Drake Passage locations, K values are
an order of magnitude greater than those in
the interior of the North Atlantic subtropical
gyre. Near the Polar Front in the ACC there
is evidence for near surface as well as near
bottom increases in kinetic energy of the
fluctuations relative to the mean motion.
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ICE SHELF WATER IN THE WEDDELL SEA

Arne Foldvik (University of Bergen
__EEFEEET—ﬁEFway)

Theodore D. Foster {(University of
California, Santa Cruz, CA $5064)
Jason H. Middleton (University of New

South Wales, Kensington, Australia)

Ice Shelf Water is characterized by
temperatures below the freezing peint
at one atmosphere pressure. Ice Shelf
Water forms when sea water flows be-
neath the antarctic ice shelves and
is cooled to the in situ freezing
point. In the Weddell Sea Ice Shelf
Water flows out from under the Filch-
ner Ice Shelf around the Filchner De-
pression in a clockwise manner and
spills over the sill into the oceanic
basin of the Weddell Sea. Hydro-
graphic work and moored current meter
measurements at the sill made during
the Norwegian Antarctic Expeditions
1977 and 1979 have shown that approkxi-
mately 0.8 x 10° m®s™'of water with
temperatures below the atmospheric
freezing point flow over the sill.
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MIXING PROCESSES NEAR THE SHELF BREAK IN
THE SOUTHERN WEDDELL SEA

Theodore D. Foster (University of
California, Santa Cruz, CA 95064)

Arne Foldvik (University of Bergen,
Bergen, Norway)

Jason H. Middleton (University of New
South Wales, Kensington, Australia)

The joint work by the Polarsirkel and
the Glacier during the International
Weddell Sea Oceanographic Expedition
in 1977-80 has resulted in several
closely-spaced hydrographic sections
and long-term current meter records in
the sehfl break region of the southern
Weddell Sea. The hydrographic sections
showed that the tongue of Warm Deep
Water, which intrudes onto the shelf,
breaks up into an irregular pattern,
perhaps even into discrete blobs. The
current meter records showed there were
no significant correlations between the
currents at the different moorings
except at the tidal frequencies indica-
ting that the horizontal scales of the
mixing processes are probably smaller
than the spacing between moorings, a
minimum of 37 km for the current meters
retrieved in 1979.
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Ocean Modellin
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N. G. Freeman (Canada
Centre for Inland Waters),
Presiding
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THE RESPONSE OF NARRAGANSETT BAY TO
METEOROLOGICAL FORCING

R.B. Gordon

M.L. Spaulding

F.M. White (all at: -Department of Ocean
Engineering, University of Rhode Is-
land, Xingston, RI (2881)

Previous measurement programs of cur-
rents and sea level in Narragansett Bay
have indicated that wind plays an im-
portant role in driving the circulation,
especially at subtidal frequencies (i.e.
periods greater than the diurnal tides).
The spatial extent of these measure-
ments has, however, been insufficient
to determine the general response of
the Bay. 1In the summer and fall of
1977, the National Ocean Survey, NOAA
conducted a survey during which sea
level and current measurements where
made throughout Narragansett Bay. Re-
sults of analysis indicate that at per-
iods of ten days and longer, the sea
level oscillations in the Bay are due
to a shelf wide response. At periods
of five days, the response is related
to the sea level variations in southern
New England Bight (Long Island Sound to
Buzzards Bay). At two day periods, the
response is directly related to the
winds over the Bay.

High coherence bhetween adjusted sea
level and win ess measured at
Green Alrport in Warwigck, Rhode Island

suggest the suitability of modeling the
sea level response stochastically. In
addition, volume flux has been calcu-
lated based on these sea level records
in order to estimate the relative im-~
portance of the subtidal oscillations
in flushing the Bay.

A three-dimensional deterministic
model of the response to meteorological
forcing has been applied to the Bay and
compared with the measurements.
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OBSERVATION AND MODELLING OF FRONTAL UPWELLING

C.L. Tang (Bedford Institute of Oceanography,
Dartmouth, N.S., Canada B2Y 4A2)

A density front in the northwestern Gulf of
St. lawrence has been observed during two CID
surveys in 1978 and 1979. This front is
formed as a result of fresh water discharge
from the St. Lawrence Estuary. Evidence of
upwelling in the frontal zone can be seen in
the vertical temperature distribution, and
from the satellite data in which a band of
cold surface water coincides with the frontal
zone.. A two-layer model for a stationmary
front is constructed to explain the upwell-
ing. Friction plays a key role in driving a
cross—front circulation. The interfacial Ek-—
man transport beneath the frontal layer draws
the water upward from below the frontal zone
in a shear layer of thickness EZ, where E
is the Ekman number. An outer Stewardson
layer of thickness Et feeds the EY layer,
and at the same time serves as a return chan—
nel for the upwelled water. On the side of
the heavier water, there is no significant
vertical motion near the surface outside the
E? layer. The water there participates
passively in the circulation and acts mainly
to satisfy the continuity and the boundary
conditions. The seasonal variation of the
upwelling, the effect of stratification in
the lower layer, and surface convergence in
the frontal zone are discussed. The eddy and
diffusion coefficients are calculated from
the width of the upwelling zone in the north-
western Gulf of St. lawrence.
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ATMOSPHERICALLY FORCED EDDIES IN THE NORTH-
EAST PACIFIC

A.J. Willmott (Departmentsof Mathematics and
Oceanography, Univ. of British Columbia,
Vancouver, B.C. V6T 1Y4

L.A. Mysak

In the Northeast Pacific eddies are observed
in the thermal anomalies. In particular, a
pronounced eddy is frequently observed a few
hundred kilometres west of Sitka, Alaska,
latitude 57°N. This paper investigates a
possible mechanism for the production of such
eddies. The Northeast Pacific ocean is approxi-
mated by a quarter-plane region, and a continu-
ously stratified, inviscid, linear model is used
to study the reflections of wind-driven pertur—
bations by the two boundaries. In the model the
perturbations take the form of planetary waves,
and by choosing a forcing function which is
sinusoidal in time the problem reduces to solving
the forced Helmholtz equation in a quarter-plane
region. From the solution to this equation, the
perturbation density field is derived. In
general, it consists of a large number of eddies
which result from the superposition of multiply
reflected planetary waves. It is also found
that tilting the quarter-plane from the north-
south direction dramatically increases the size
of the eddies in the perturbation density field.
The perturbation velocity field is also computed
from the solution to the Helmholtz equation, and
it is found that the flow field does mnot in
general comsist of closed streamlines. ’
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A TWO-DIMENSIONAL, BRANCHING MODEL STUDY
OF THE POTOMAC RIVER CIRCULATTION

D-P Wang (Enmergy and Environmental Systems
Division, Argonne National Laboratory,
Argonne, IL 60439)

A semi-implicit, two-dimensional (in a
vertical plane), branching model is developed
for circulation in the partially mixed estuary.
The time integration of the semi-implicit scheme
is not sensitive to the horizontal grid size,
and consequently, the model is very efficient
in the application to multiple branches.

The model is exercised under realistic
external forcings for the coupled Chesapeake
Bay proper — Potomac River system. The
results show good agreement with the observa-
tions over the 40 day simulation. Extension
of the model to salt intrusion and water
quality study is suggested.
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FINITE-ELEMENT APPROACHES FOR A CHESAPEAKE BAY
CIRCULATION MODEL

R. Walton (Water Resources Engineers/CDM,
Springfield, VA 22151), D.R. Lynch (Assist.
Prof., Resource Policy Center, Thayer Sch. of
Eng., Dartmouth College, Hanover, NH 03755)

As part of EPA's Chesapeake Bay Program, a 3-D
circulation model is being developed. The size
of the Bay dictates that a numerical model give
special consideration to the spatial variability
of the forcing functions, and the economy and
accuracy of the solution technique.

The class of methods chosen was the 2-D finite-
element approach using linear triangles, because
of its geometric flexibility and rigorus mathe-
matical description. The selected model will be
used as the kernel for the 3-D circulation model
by describing the Bay as'a series of Tayers
linked vertically through continuity.

The two models chosen for further considera-
tions use the same basic differential equations
to describe fluid motion, but differ in the
approximation techniques. CAFE-1 uses an im-
plicit formulation and requires matrix inversion.
It is, however, a tried and proven model.

WAVETL is more recent model using an explicit,
Tumped-mass approach. It diagonalizes the mass
matrix, reducing storage and removing the need
for matrix inversion. It also models a wave
equation instead of the continuity equation, to
introduce natural damping of high frequency
noise, and thus eliminates dependence on arti-
ficial viscous terms.

The models were compared for a 41 node problem
in the upper part of the Chesapeake Bay to
compare the models accuracy, stability and
relative economy. This paper describes the
comparison and model selection.
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SOME PRELIMINARY EXPERIMENTS WITH AN ISOPYCNIC
COORDINATE OCEAN CIRCULATION MODEL

Douglas_B. Boudra (Rosenstiel School of Marine
and Atmospheric Science, Miami, FL 33149)
Rainer Bleck (Rosenstiel School of Marine and

Atmospheric Science, Miami, FL 33149)

Sponsor: Donald B. Olson

A density coordinate ocean model is being de-
veloped to study ocean circulation and heat
transport from the scales of baroclinic eddies
to basin wide gyres. The first application was
to coastal upwelling fronts, but current simu-
lations emphasize description of the large scale
circulation while resolving mesoscale eddies.

At present, two ocean configurations are being
utilized to establish requirements for model sta-
bility and to study the model energetics. The
first has four layers, a 50 km grid spacing on a
33 X 26 matrix with a north-south orientation,
and is forced with a latitudinally varying double
gyre wind stress pattern. The second is an ideal-
ized section of the western N. Atlantic including
the Gulf Stream region. It has five layers, a
37.5 km grid point spacing on a region 2600 km by
3000 km, and is forced with a climatological Feb-
ruary wind stress pattern. At this stage, ba-
thymetry, diabatic forcing, and salinity are
neglected.

The stability requirements for the pure density
coordinate model appear to be too stringent to
allow adequate simulation of both mesoscale and
gyre-scale circulation simultaneously. A re-
cently developed hybrid vertical coordinate
model, which allows motion through a coordinate
interface when layer thickness decreases below a
critical value and in the opposite direction when
dynamic constraints permit, has produced encour-
aging results. Simulations from both basin con-
figurations and both model formulations are il-
lustrated,
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NUMERICAL MODELING OF TSUNAMI
FLOODING

C.H. Lewis, III ( Department of Geol-
ogy and Geophysics, University of
Hawaii, Honolulu Hawaii, 96822.
Currently at NOAA;AOML, Virginia
Key, Florida. )

W.M. Adams (Dept. of Geology and
Geophysics, University of Hawaili,
Honolulu, HI,96822. Currently on
sabbatical leave at NOAA;AOML,
Virginia Key, Florida, under
Inter-government Personnel Act. )

One and 2-D Finite Difference
programs have been developed for
modeling tsunami flooding. Fully
centered differences are used:
some high-frequency noise occurs
but it is stable and is not due to
the nonlinear terms, hence no
averaging is necessary. A graphics
capability of creating movies show-
ing the results at every time step
has been found necessary to assure
arrival at a believable and
correct conclusion. Comparison of
results with analytical results,
while appropriate, does not assure
that a program is satisfactory;
misuse is not only possible but
probable. Most applications
documented in the scientific
literature allow aliasing in the
horizontal interfaces, the vertical
interfaces, or both. Smoothing of
the moving boundary-the shoreline-
is necessary to avoid the intro-
duction of spurious high spatial
frequencies.

A movie will be shown to empha-
size this need for seeing all
computer results-- not just the
final results.

This page may be freely copied
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A LABORATORY STUDY OF THE SHELF AND SLOPE CIRCU-
LATION DRIVEN BY SURFACE COOLING AND OFFSHORE
HEATING

Takashige Sugimoto (Geophysical Institute,
Tohoku University, Sendai, 980, Japan; present
address, Woods Hole Oceanographic Institution)
J. A. Whitehead, Jr. (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543)

The dynamics of shelf circulation and the
shelf break exchange processes between shelf and
offshore water are studied by use of a rotating
hydraulic model. The model basin consists of a
square shelf (50 cm x 50 ecm x 5 cm deep) connec—
ted by a narrow (10 cm wide) slope to a deeper
basin (30 cm x 50 em x 15 cm deep). The en~-
closed fluid is cooled through the top 1id and
heated through the offshore sidewall.

The observed phenomena are primarily control-
led by the nondimensional parameter R3/I, (ratio
of the Rossby radius of deformation to the hori-
zontal scale of the shelf), but alsoc by the
Ekman number. For large values of R3/L, a ver-
tical circulation occurs with sinking motion
limited to a narrow zone adjacent to the inner
"coast". For moderate values of R3/L, a single
horizontal circulation of basin scale develops.
This gyre is cyclonic in the upper layer and
anticyclonic in the lower layer. Sinking is ob-
served in the gyre also, where small but very
strong cyclonic whirls, similar to "chimneys"” in
the polar ocean, are produced intermittently.
These whirls penetrate to the bottom and trans-
port cooled surface water into the lower layer.
For small values of Rd/L, the single gyre breaks
up into several smaller eddies, the number of
which increases with decreasing Rd/L. The model
dynamics and the role of the outflowing jet
ocecurring over the shelf break and slope will
alsoc be discussed.
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THREE DIMENSIONAL GEODETIC INVERSION METHOD
FOR OBTAINING STRESS IN THE LITHOSPHERE

K. Ikeda (Department of Earth and Planetary
Sciences, Massachusetts Institute of
Technology, Cambridge, MA 02139)

Three dimensional geodetic inversion method to
obtain incremental stress in the earth are pre-
sented with a preliminary result on the appli-
cation to the data from Palmdale, California.
Geodetic inverse problem is formulated as an
elliptic operator equation with Cauchy's
boundary condition applied to a body that is cut
out of the earth under the surface on which dis-
placements are known. Three dimensional finite
element scheme provides a discretized form of
the operator. Data obtained from geodimeter and
levelling survey, together with a stress free
condition on the free surface provide boundary
conditions. The inversion scheme is tested
using artificial data generated by Mindlin's
buried point force sclution with the result
showing satisfactory accuracy of the inversion
scheme. The incremental stress obtained during
the period 1959 to 1972 shows the dominance of
horizontal tensional stress in the direction of
N48°W with magnitude 2.1 bar at the depth of
3.75 km. During the period 1974 to 1977 the
maximum principal incremental stress turns to be
horizontal compression in the direction of NLO°W
with magnitude 2.2 bar at the depth of 3.75 km
while minimum principal stress is near vertical.
The compressional stress increases with depth
to 4.2 bar at the depth of 6.5 km and 7.0 bar
at the depth of 8.75 km without changing
directions so much. The sense and direction of
the prineipal incremental stress during the
period 197k to 1977 and its magnitude are
consistent with the fault plane solutions
obtained for swarm activities and geomagnetic
change observed in this area during this
period. The obtained incremental stress also
explains the increase of seismicity by an order
of magnitude in this area during the pericd
1974 to 1977.
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MCDELLING EFFLUENT FIELDS DISCHARGED FROM
SUBMERGED OCEAN QUTFALLS

D. P. Krauel (Royal Roads Military College,
Victoria, B. C., VOS 180)

A model is developed to predict the con-
centration distributions and their probabili-
ties in the effluent field discharged from a
submerged ocean outfall. Three phases in the
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dispersion process are modelled: initial
dilution, turbulent diffusion, and decay.
Readily obtainable envirommental parameters
such as wind speed and direction frequency
distributions, water current speed and direc-
tion frequency distributions, and the density
stratification frequency distribution are
employed to predict "worst case" concentra-
tions and their probabilities at selected
locations. The model is applied to a coas-
tal embayment near Victoria in which a sewer
outfall already exists and a second outfall
is proposed. A monitoring program of the
existing outfall has collected 1imited data
on the spatial and temporal coliform distri-
butions. These data are used to determine
the standard deviation of the lognormal
frequency distribution for coliform counts

at a fixed shoreline location near the exist-
ing outfall. The standard deviation of the
coliform frequency distribution is dependent
upon the standard deviation of the frequency
distributions for the environmental para-
meters causing the dispersion of the effluent.
Therefore it is assumed that the standard
deviation is constant for all locations
within the immediate area which experience
similar environmental forcing. The deter-
mined standard deviation and the predicted
"worst case" coliform. counts at various
shoreline locations are combined to predict
the frequency distribution of coliform

counts for comparison with legislated envi-
ronmental standards.
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THERMAILLY TNDUCED AIR AND WATER CIRCULATIONS
ASSOCIATED WITH ESTUARINE WATERS

Kuldip P. Chopra (Physics Department, 0ld
Dominion University, Norfolk, VA. 23508)

It is common to find a few degrees difference
in surface air temperatures over estuarine water
and the adjoining land masses. This thermal
contrast, further enhanced by evaporation and
flow of water, may produce local air
circulations, the estuarine water mass acting
as a reversed heated island. Following an
analogy with the land and sea breeze theory, it
can be shown that the average wind speed V
induced by a temperature gradient vT is given by

2= . BYT _
V2= seretorsg 1n (0g/p))

where I and:h are horizontal and vertical
extents of -the solenoid (assumed rectangular),
Po/Py is the ratio of air pressure at ground
and upper levels of the solenoid, R is the gas
constant, and K is a dimensional constant which
depends on eddy viscosity in the surface layer.
It is estimated that these induced breezes may
develop speeds as high as 12 knots, Wind-
driven surface currents ccmbined with upwelling
of water caused by evaporation, may produce |
cross-sectional circulations in water. These
induced air and water circulations have a
bearing on local mixing and quality of our
environment.

Coastal and Lake
Dynamics

Metropolitan West

Monday A.M.

C. R. Murthy (Canada Centre
For Inland Waters), Presid-
ing
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KINEMATIC FEATURES OF LARGE SHALLOW
LAKES, ILLUSTRATED IN TIME LAPSE
PHOTOGRAPHS

Bernard C. Kenney (National Water
Research Institute Branch,
Freshwater Institute,

501 University Cr., Winnipeg,
Manitoba R3T 2N6)

Observations are presented from
several hypereutrophic lakes in
western Canada. These lakes have a

characteristic length 0(50 km) and a
characteristic depth 0{(4 m). During
the open water season there is a
propensity towards the production of
surface foam which is associated with
intense blooms of blue-green algae.
The observations are documented in
the form of time lapse photographs of
natural foam, algal cells and artific-
ial Lagrangian tracers using both
aerial and high oblique terrestrial
photography from the top of a 20 m
tower.

The boundaries of the algal blooms
often consisted of sharp frontal zones.
Single streak lines produced by
downwelling at the frontal zones and
various kinematic features of streak
arrays (windrows) are discussed.
Results are also presented on strong-
ly non-linear advective disturbances
and on features of the near surface
shear.

0 158

OBJECTIVE ANALYSIS OF CURRENTS IN A HOMOGENEOUS
LAKE

Desiraju B. Rao

David J. Schwab (both at: NOAA, Great Lakes
Environmental Research Laboratory, :Ann
Arbor, MI, 48104)

The large~scale mean currents in lakes hav-—
ing the dimensions of the Great Lakes are char—
acterized by nearly non-divergent character,
Hence, most of the kinetic energy of the mean
currents is contained in the rotational compo-
nent of the flow field which can be determined
from the transport streagfunction. The hori-
zontal velocity vector (V) and the vergical com-
ponent of verticity (r) are given by V = k x
hly $ and z = V*h™ V¢, V is the horizontal
gradient operator. h is the equilibrium depth
of the lake and is a function of the horizontal
coordinates (x,y). If, in prineciple, one is
given the vorticity field g(x,y), the self-ad-
joint inhomogeneous equation v-h'lvw = z(x,y)
can be uniquely solved for ¢ which is subject
to the condition h™l § = 0 on the boundaries
and the current vector can be obtained from
V=%kx h-lvw . In practice, however, one does
not have the 7 field. Hence, the transport
streamfunction is expanded in terms of the eig-
envectors of the self-adjoint problem v-h=l
Vig = ugbg with -l Y. = 0 on the boundary,
The eigenvalues uy and the associated eigen-—
functions ¢, for a particular lake can be dé-
termined numerically. The expansion coeffic-—
ients for the spectral functions are determined
by minimizing in a least square, sense the dif-
ference between the calculated V field and a-
vailable current meter data. Since ¢y's are
known over the. entire domain of the basin, we
can now reconstruct the field of currents at all
grid points in the basin. This method has been
applied to analyze data gathered in Lake Ontar-—
io during the winter months of 1972-73 as part
of the International Field Year on the Great
Lakes.
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DOES ENTRAINMENT LEAD TO SEPARATION ?

P.H. LeBlond . (Department of Oceanography,
University of British Columbia, Vancouver,
B.C. V6T 1W5)

Under conditions of weak entrainment, the
flow in a well stratified deep estuary is
idealized as that of a two-layer fluid and
may be described within the framework of
rotational hydraulics. The depth of the
upper layer and the reduced gravity to
which it is subject become functions of
downstream distance, as entraimment dilutes
the fresh water and adds to the upper layer
volume flux.

The role of entraimment effects on pos-—
sible separations and critical transitions
is examined and the results compared to
observations from the St.Lawrence estuary.

0 1c0
EXCHANGE FLOW BETWEEN TWO STRATIFIED BASINS

B. Eid, W. James (Civil Engineering, McMaster
University, Hamilton, Ont., Canada L8S 4L7)
F. Boyce (NWRI, CCIW, Burlington, Ont

L7R 4A6)

This page may be freely copied

To estimate production and respiration cycles in

_interconnected Take basins, it is necessary to

account for all fluxes of the active materials
across the basin's boundaries. This is particu-
larly complex when two dissimilar basins exchange
water through a connecting channel, the inter-
change is wind induced, and the flow is
influenced by stratification and bottom topog-
raphy.

In this study a two-layer system is modeled; the
dynamics of the flow is simulated by assigning
average velocity and density to each layer. The
hydrodynamic .equations of two-layer densimetric
flows are derived for arbitrary geometry and
different boundary conditions. The effect of
surface, interfacial and bottom shear stresses
on transitional flows, which may be subcritical
throughout the channel or involve critical (or
control) sections, is studied.

The model is applied to the exchange flow between
the central and eastern basins of Lake Erie at
Pennsylvania Ridge.
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APPROXIMATE STUDY OF FREQUENCY OF WIND-
INDUCED CURRENTS IN A PROPOSED RESERVOIR

JEI-HSUAN HUANG
Ebasco Services Incorporated
Two World Trade Center
N.Y.C., N.Y. 10048

A procedure is introduced where joint fre-
quency of wind-induced current speed and
direction in a reservoir can be numerically
investigated and graphically illustrated for
the entire reservoir. The steady-state
vertically-integrated two-dimensional free
surface flow equations are used as the basic
model, The bottom stress is linearized with
an averaged friction speed, The joint fre-
quency of speed and direction of over-water
winds is discretized for wind direction only,
The procedure is suitable for small to
medium-sized reservoir where the Coriolis
effect is generally negligible in the wind-
induced current patterns,
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A MOMENTUM BALANCE FOR THE SURF ZONE AND
NEARSHORE REGION

G.A. Meadows

A.T. Jessup

A.J. Plueddemann (All at: Department of
Atmospheric and Oceanic Science, The University
of Michigan, Ann Arbor, MI 48109)

Recent simultaneous collection of longshore
current velocity data and incident wave condi-
tions from multi-instrumented surf zome arrays
have enabled detailed momentum balances to be
calculated for the nearshore region. Recent
implementation of this analytical procedure has
resulted in the recognition that momentum
sources to the nearshore region, other than the
incident wave field, may be respomsible for a
significant portion of the surf zone flow field
(Meadows, 1979).

Theoretical calculations based upon the radia-
tion stress formulation of Longuett-Higgens
(1970), of the distribution of longshore current
velocity across the active surf zone are compared
with In-Situ field observations. Continuous
fifteen minute time series of water level
elevation and longshore current velocity were
obtained at eight monitoring stations distrib-
uted across the nearshore region. In addition,
incident wave horizontal particle velocity,
breaking wave angle and wind speed and direction
were also measured at selected locations across
the surf zome. These data were used to ascertain
the relative contributions of; the longshore
component of nearshore wind stress, the shore-
ward flux of wave momentum and the momentum
associated with the ambient nearshore circulation
of the region, on surf zone water motions. The
results of this analysis indicate that only under
very specific incident wave and beach conditioms,
is the longshore momentum flux associated with
the incident wave field the only significant
term of the nearshore momentum balance.

o
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SUBTIDAL SEA LEVEL VARIATIONS IN LAKE
PONTCHARTRAIN

Wen-Ssn  Chuang (Coastal Studies Institute,
Louisiana State University, Baton Rouge, La.
70803)

Erick M. Swenson (Genter for Wetland Resources,
Louigsiana State University, Batom Rouge, La.
70803)

Lake Pontchartrain has a major tidal pass con—
necting it to Mississippi Sound and then to the
Gulf of Mexico. The subtidal variability in this
system and its relation to wind forcing are exam-
ined from surface elevation data measured by the
Waterways Experiment Station (U.S. Army Corps of
Engineers) from mid-August to November 1978. The
coherence of sea level in the Lake and Pass rela-
tive to that of the Sound was high at all time
scales; amplitude was similar, and the time lag
was 7 hours in the Lake. Despite the fact that
winds during this season were mostly from the
north, sea-level fluctuations were coherent only
with east-west wind. The north-south wind, on the
other hand, can set up a surface slope across the
Lake, which accounts for less than 3 percent of
the total sea-level variation.

As the east-west (alongshore) wind is the most
effective driving force for shelf circulation,
results of this study indicate that large atmos-
pherically induced exchange probably exists be-
tween the Lake and the coastal ocean through the
narrow tidal pass.

0 164

EMPIRICAL EIGENFUNCTION ANALYSIS OF
DAILY NEARSHORE PROFILES, EASTERN
SHORE OF LAKE MICHIGAN

T.A. Test, G.E. Birchfield (Department
of Geological Sciences, Northwestern
University, Evanston, ‘Ill. 60201)

Nearshore profiles measured daily at
nine adjacent locations near Holland,
Michigan during June-July 1970 show a
different pattern of topographic vari-
ation than that described for Pacific
Coast beaches. Empirical eigenfunction
analysis of the profiles for thirty
consecutive days reveals two almost
equally dominant modes of variation
which are temporally associated with
the passage of frontal systems over
the lake. Longshore transport pro—
cesses appear to be as important as
onshore~offshore transport in determin-
ing the short-term, small-scale varia-
tions observed in the study area.

Empirical eigenfunction analysis is
confirmed as an effective descriptive
tool for the study of short time-scale
nearshore topographic variation. More
than 95% of the variation in a typical
profile can be described with as few
as four to five eigenfunctions. The
functions cannot be expected to have a
direct correspondence to traditiomal
descriptive terminology.
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F. A. Godshall and R. 6. Williams

Center for Environmental Assessment Services,
Environmental Data and Information Service,
National Oceanic & Atmospheric Administration,
Washington, D.C. 20235

Classification of Acadian Shelf Waters

As part of a comprehensive analysis of the
climatology and oceanography of the area, Cape
Sable to Montauk Point out to the 2000 m iso-
bath, temperature and salinity structures (pro-
files) within the first 200 m of depth have been
classified for each month. The quasi-objective
classification, based on approximately 12,000
hydrographic casts, was performed by means of
the Jalickee - Hamilton technique of asymptotic
singular decomposition. The temperature/salinity
data were first decomposed into three charac-
teristic profiles (eigenfunctions in depth), and
associated cast-dependent coefficients (eigen-
functions in time). The first eigenfunctions
appear to be related to profile normals; the
second eigenfunction to the seasonal variation
in the depth distribution of temperature (or
salinity); and the third eigenfunction to the
magnitude of the vertical gradient.

In order to classify the water structures,
the eigenfunctions were transformed into three
groups corresponding; respectively, to a coastal
water, a shelf/slope water, and a slope water
structure. Maps of classified stations deline-
ated the geographic areas of the water structure
classes and temperature/salinity scatter plots
from each class give the water mass character-—
istics.
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ON THE DYNAMICS OF EQUATORIAL OUTFLOWS WITH
RELEVANCE TO THE AMAZON'S BASIN

Doron Nof (University of Miami, CIMAS-RSMAS
4600 Rickenbacker Causeway, Miami, Florida
33149)

A simplified model is considered in order to
describe the dynamics of outflows of rivers or
sea straits located at or near the equator. The
model is steady, inviscid and nondiffusive but
the motions are not constrained to be quasi~
geostrophic. The geometry of the oceanic basin
into which the outflow debouches is approximated
by a wedge and the vertical structure of the
flow is represented by two layers of different
densities. Approximate solutions to the poten-
tial vorticity equation and the Bernoulli
integral are obtained analytically.

It is found that, due to the B effect, an
equatorial outflow is deflected toward or away
from the coasts depending on the basin geometry
and the direction of its axis. The deflection
is accompanied by separation and "blocking"
which results in coastal or equatorial trapping.
When the angle between the coastlines forming
the basin is larger than 120° and the basin's
axis of symmetry is directed toward the north-
east, as is the case of the Amazon's basin, the
outflow is deflected away from the coasts and
separates from both walls. Consequently, the
outflow penetrates into the ocean interior as
an isolated current.

A possible application of this theory to the
processes responsible for the formation of iso-
lated lenses containing Amazonian water, such
as those observed off the South American Coast,
is discussed. It is shown that these isolated
lenses may be related to the profound seasonal
variability of the Amazon's discharge and the
subsequent variability of the separation points.

. Such a variability can lead to a seasonal for-

mation of isolated segments containing
Amazonian water which undergo geostrophic
adjustment, close upon themselves, and form
isolated lenses.

Trace Metal and
Radioisotope Marine
Geochemistry

Harbour C

Monday A.M.

Michael Bewers (Bedford In-
stitute), Presiding
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FLUXES OF THORIUM ISOTOPES AND PROTACTINTUM FROM
A SEDIMENT TRAP EXPERIMENT IN THE DEEP PACIFIC

R. F. Anderson (Woods Hole Oceanographic Insti-—
tution/Massachusetts Institute of Technology
Joint Program in Oceanography, Woods Hole,
MA  02543)

M. P. -Bacon

P. G. Brewer (both at: Woods Hole Oceanographic
Institution, Woods Hole, MA 02543)

Fluxes of thorium isotopes and protactinium
have been measured at five depths at a sediment
trap site southeast of Hawaii (15021'N, 151°
28'W; 5792 m water depth). Th-228 results indi-
cate that the trapped material at all depths
consists primarily of large, rapidly settling
particles originating at or near the sea surface
which settle through the 5000 m water column in
approximately one year. Settling particles sca-
venge Th-230 and Pa-231 during their descent
through the water column, resulting in increas-
ing specific activities of both nuclides with
depth.

Activity ratios of unsupported Th-230/Pa-231
in sediment trap samples are greater than 10.8,
the ratio of their production by urarium decay.
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The ratio is lowest near the surface (18 at

978 m), increases to a maximum of 35 at 4280 m,
and decreases to 25-30 in the sediments. Sever-
al lines of evidence indicate that the high Th/
Pa ratios in sediment trap samples are not
caused by incorporation of old resuspended.sedi-
ments. Rather, in open-ocean, low-particle-flux
environments, thorium 1s more effectively sca-
venged than protactinium from seawater by the
sinking particles. Ratios of the measured
fluxes of unsupported Th-230 and Pa-231 to their
rates of production in the overlying seawater
are less than 20% above 1000 m, increase to a
maximum of 73% for Th-230 and 267% for Pa-231 at
2778 m, and decrease slightly nearer the bottom.
The flux of particles is capable of removing
only a portion of the Pa-231, and probably Th~-
230 as well, produced at this site by uranium
decay. The remaining Th and Pa are tramsported
horizontally to more reactive scavenging environ—
ments where they are then stripped from seawater.
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SURFACE CHEMICAL PROPERTIES OF NATURAL
MARINE PARTICULATES

L. Balistrieri

J.W. Murray (both at: Department of Oceano-
graphy, University of Washington, Seattle
WA 98195}

P.G. Brewer (Department of Chemistry, Woods
Hole Oceanographic Institution, Woods
Hole, MA 02543

(Sponsor: Bruce Taft)

We have combined field observations of
trace metal scavenging with theoretical surface
chemistry models to determine the adsorption
properties of sinking particulate matter in the
deep sea. The model equations yield equilibrium
constants which describe metal interactions with
deep ocean particulates. These equilibrium
constants are then compared with the equilibrium
constants which define trace metal interactions
with the surface of model metal oxides (e.g.,
SiOz, YA1203, aFeOOH and am. Fe203-H20) and

model organic compounds (acetate, lactic acid,
salicylic acid and seawater humic acids). The
comparisons indicate that trace metal-particulate
matter interactions in the sea highly resemble
interactions between trace metals and organic
compounds. This suggests that the adsorption
properties of natural marine particulates are
controlled by organic coatings.
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SURFACE CHEMICAL PROPERTIES OF BIQGENIC SILICA.
1. HYDROXIDE ADSORPTION IN 0.700M NaCl at 25.00C

D. B. Kent
M. Kastner (both at Scripps Institution of
Oceanography, la Jolla, CA 92093)

Adsorption onto biogenic silica surfaces is a
potentially important process in the removal and
transport of metal ions in sea water. The flux
of silica from shallow to deep waters and its
accumulation rate in the sediment are quantita-
tively important; and the specific surface areas
{SSA) of biogenic silica particles are large
relative to biogenic carbonate particles.

Diatom species were cultured, the organic mat-
ter was oxidatively removed, and SSA were mea-
sured by the BET method. The amount of hydrox-
ide adsorbed (surface excess hydroxide, TgH™) as
a function of pH was determined by alkalimetric
titrations in 0.700M NaCl at 25.00C. The titra-
tion data were corrected for hydroxide consumed
by the bulk solution and by dissolived silica.

An overall similarity in the patterns of the
roy” versus pH isotherms was obtained for two
diaton species, with SSA of 72 and 176 m2/g and
for the synthetic silica BDH, with a SSA of 81
mz/g. Adsorption of hydroxide begins at about
pH 4.0, rises siowly until around neutral pH,
above which it rises extensively as a function
of pH. The adsorption of hydroxide by the si-
lica surface is interpreted as the reaction of
surface silanol groups (referred to as "sites")
with hydroxide to produce a deprotonated charged
siloxy group =Si0-H + OH™ = =S10™ + H20. The
observed differences in the amounts of hydrox-
ide adsorbed by the two diatom species and by
BDH silica indicate that the site density for
hydroxide adsorption by the pennate diatom Navi-
cula petliculosa is approximately three times
that of BDH sitica. The centric diatom Skele-
tonema costatum has an intermediate site densi-
ty. These results indicate that biogenic sili-
ca particles have a large capacity for adsorp-
tion of metal fons from sea water.
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TRACE METALS IN THE NORTHWEST ATLANTIC OCEAN

P.A. Yeats (Bedford Institute of Oceanography,
Dartmouth, Nova Scotia, Canada)

J.A. Campbell (Department of Oceanography,
University of Liverpool, Liverpool, U.K.)

(Sponsor: J.M. Bewers} .

Vertical distributions of Al, Cr, Mn, Fe, Ni,
Cu, Zn and Cd have been measured for a station
at 53°N and 41°W in the North Atlantic Ocean.
Total Al, Mn and Fe show mid-depth concentration
minima with sharp concentration increases within
200 m of the sea surface and the sediments.
Dissolved Mn and Fe do not show concentration
increases in the bottom nepheloid layer. Total
Cr, Ni, Cu, Zn and Cd show a variety of profiles
indicative of several different mechanisms
controlling the various distributions. Surface
depletion is observed for Cr and Ni whereas Cu
shows surface enrichment. Zinc shows evidence
of both very near surface enrichment and
depletion at slightly greater depth. Near
3200 m a concentration maximum is seen for Cr,
Ni and Cu. Possible mechanisms for these
observations will be discussed.
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PARTICLE MIXING RATES AND FLUXES OF DISSQLVED
SILICA FROM DEEP-SEA SEDIMENTS BASED ON Si
MEASUREMENTS

D, J. DeMaster (Dept., Marine Science and Engr.,
North Carolina State Univ,, Raleigh, NC 27650)

325i profiles from a south Atlantic Antarctic
sediment and an equatorial Pacific sediment
yield particle mixing rates of 200 and 50 cm2/ky,
respectively. The AntarctiEIO Si mixing rate is
in good agreement with the Pb mixing Tate,, .
from the same sediment, whereas the Pacifiﬁ Si
mixing rate is 5 times smaller than the Pb
mixing rate from the same sediment. The discrep-
ancy in the Pacific sediment mixing rates may
result from differential mixing of robust radio-
larian tests containing 325i activity and fine-
grained clay material containing the majority
of the excess 210Pb activity.

The inventories of 328i in the Antarctic and
Pacifii sediments are 2.6x10~3 and 0.58x1073
dpm/emZ, respectively. The observed inventories

of 3281 are 2 to 4 times greater than predicted
from the product of the 32Si specific activity
of surface plankton, the biogenic silica accu-
mulation rate, and the 32Si mean life. The high

Si inventories result from the interac¢tion of
particle mixing, sedimentation, and dissolution.
In an unmixed sediment column the siliceous
tests with the highest 32Si activity are at the
sediment-water interface where the most intense
dissolution occurs., In a mixed sediment column
some of the high 3481 siliceous tests arve mixed
downward, being replaced by older 32Si-poor
tests, The reduced 32§i activity near the in-
terface decreases the dissolved flux of 5251 out
of the sediment column which increases the sed-
imentary inventory of 328i. The flux of dis-
solved silica out of deep-sea sediments can be
calculated from the inventory 95 323i. Based on
mass balance calculations and “4Si inventories,
the dissolved fluxes of silica out of the Ant-
arctic and Pacific sediments are 3x10~4 and
2x10~5 g $i02/cm2/y, respectively. These silica
fluxes are compatible with the solid phase bio-
genic silica profiles and are 5 to 10 times
lower than the fluxes predicted from modeling
pore water silica profiles.
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Cb, ZN, CU, AND BA IN FORAMINIFERA TESTS
(CORE V22-174)

Edward A. Boyle (Dept. of Earth & Planetary
Sciences, M.I.T., Cambridge, MA 02139)

The trace element content of 3 species of
planktonic foraminifera from the upper 100
cm (< 30,000 yrs. bp) of LDGO core v22-174
(10°S, 13°W, 2630 m) has been determined.
Ultrasonic and reductive cleaning combined
with a mild COp dissolution are used to
separate the lattice-bound trace metals from
ferromanganese and aluminosilicate contamin-
ants. . The procedure reduces contaminant levels
by three orders of magnitude. Most samples
have contaminant mole ratios less than 5 x
1076 for Fe/Ca, 3 x 10~5 for Mn/Ca, and 10-3
for Al/Ca.

Cd and Zn show no correlation with residual
contaminant levels. Cd and Zn contents incr-
ease with decreasing calcification tempera-
tures, as expected from the water column
distribution of these elements. Downcore
Cd/Ca ranges are: G. conglobatus, 2-23 x
1079; ¢. Tumida, 22-32 x 10™9; G. truncatul-

inoides, 22-40 x 10-9. Zn/Ca ranges are:
conglobatus, 2-30 x 10-6; tumida, 15-35 x
10-8; truncatulinoides, 20-70 x 1076, The
variance of the Cd and Zn concentrations
over time is consistent with the expected
degree of upper water column trace metal
variability. Cd and Zn do not show a sim-
ple glacial-interglacial signal, however.

For Ba and Cu, less reproducible values
are observed on separately-processed samples
and there is no discernible down-core sig-
nal. It is likely that residual contamina~
tion affects the observed values. The
observed ranges are 1-30 x 10-6 for Ba/Ca
and 0.2-1.0 x 1076 for Cu/Ca. The lattice-
bound fraction is probably near or below
the observed lower-bound.

Foraminifera may be significant carriers
in the oceanic cycling of Zn, but are defin-
itely not important for the transport and
removal of Cu, Ba, and Cd.

Since the Cd distribution in the oceans is
identical to that of phosphate and Zn strongly
resembles silicate, the variations in these
trace elements in foraminifera may be useful in
the -reconstruction of past nutrient patterns in
the ocean. Nutrient distributions are contro-
lled in part by the deep and intermediate cir-—
culation of the ocean, so the trace metal var-
iations also can be used to constrain past ocean
circulation patterns.
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GEOCHEMISTRY OF PARTICULATE MATTER IN
THE SANTA BARBARA BASIN, CALIFORNIA

A. M. shiller (Scripps Institution of
Oceanography, La Jolla, CA 92093}

N. B. Price (Grant Institute of Geology,
Edinbuxrgh, United Kingdom)

The Santa Barbara Basin off southern
California is a shallow (600 m) near-
shore basin. The waters below sill
depth (475 m) are generally low in
oxygen and show evidence of nitrate
reduction. During the spring of 1978 a
particulate profile was obtained from
this basin. Elemental composition of
these particulates was determined by
thin-film XRF and compared to the
composition of basin sediments and
sediment-trap material. Particulate
matter from the surface waters showed
enrichment in elements associated with
planktonic material; the composition of
the fine fraction of sediment-trap
material agrees well with the composi-
tion of mid-water particulates;
differences are noted between sediment
and particulate composition. Addition-
ally, a near-bottom turbid layer was
found to be greatly enriched in iron.
Although water from this turbid layer
was characteristic of basin waters, the
underlying water showed evidence of
input from sill depth. Previous workers
have recorded the transport of red-brown
oxidized material to the basin during
flooding of the nearby Santa Clara
River. Analysis of river particulates,
local soils, and basin sediments sug-
gests that this input of iron-rich
material to the basin is a common phe-
nomenon. Much of this iron is probably
remobilized in the sediments.

.
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DISSOLVED AND PARTICULATE CHROMIUM IN
THE COLUMBIA RIVER AND ESTUARY

R.E. Cranston (Atlantic Geoscience Centre,
Geological Survey of Canada, Bedford Institute
of Oceanography, Box 1006, Dartmouth, N.S.,
Canada, B2Y 4A2}

J.W. Murray (Dept. of Oceanography, Univ. of
”WEﬁTgt%n, Seattle, WA 98195)
(Sponsor: A.C. Grant)

Cotumbia River and Estuary water samples were
analysed to determine dissolved Cr species and
particulate Cr concentrations. Flocculation and
spike experiments were done to understand the
processes controlling the distribution of Cr.
Dissolved Cr chemistry is of interest because
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there are two markedly different species found
in most water samples (Cr(OH); and Croi'). River
water contained an average of 3.2 nM dissolved
Cr (98% as Croi“) and 1.8 nM particulate Cr,
while estuary samples contained an average of
2.4 nM dissolved Cr (88% as Croz') and 2.8 nM
particutate Cr. Dilution plots suggest that
Croi_ is conservative in the estuary, while floc-
culation processes increase the Cr{particulate)
and Cr(OH)z concentrations. - Up to 28% of the
dissolved Cr in river water could be removed by
adsorption onto or flocculation with freshly
formed particles. Over 70% of Cr{IIl) spikes
were removed by adsorption onto particles and

container walls within one hour of their addition.

2

Cr04- spikes behaved conservatively.
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THE DISTRIBUTION OF MANGANESE IN THE
CASCADIA BASIN

€.J. Jones

J.W. Murray (both at: Department of Oceano-
graphy, University of Washington, Seattle
WA 98195)

(Sponsor: Bruce Taft)

The marine geochemistry of manganese is
discussed on the basis of six vertical profiles
of dissolved and acid solubleMn in the Cascadia
Basin. The manganese distributions are controlled
by "external" inputs, biological cycling, and in-
situ scavenging. There isa maximum concentra-—
tion at the surface resulting from desorption
from atmospheric particulates rather than upwelling
or diffusion of Mn from reducing nearshore
sediments. The Columbia River was not an impor-
tant source of manganese at the time of sampling.
Concentrations decrease through the photic zone
because of uptake by marine organisms. Dissolved
manganese reaches a mid-depth maximum correspond-
ing to the oxygen minimum. . Two possible
explanations are the regeneration of Ma via
oxidation of organic matter or advection of reduced
Mn away from anoxic slope sediments. Bottom
water values of dissolved manganese are very high
(0.212-2.18 ppb) at stations on the slope and
shelf. Migration of manganese out of pore waters
probably causes these elevated levels. At the
two offshore stations, a maximum in both dis~
solved and acid soluble Mn is observed at 2100-
2500 m. This is the depth of the Juan de Fuca
Ridge, suggesting that the maximum reflects a
hydrothermal input. Concentrationsagain
decrease toward the bottom.
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COPPER IN SURFACE WATERS OF THE BERING SEA

David T. Heggie, (Inst. Marine Science
U. of Alaska, Fairbanks, AK. 99701)

Present Address (Graduate School of Oceanogra
phy, U. of Rhode Island, Narragansett, RI
02882)

Concentrations of copper were measured in the
surface waters (<100m) of the Bering Sea during
the summer of 1977. Measurements were made by
differential pulsed anodic stripping voltom-
metry on filtered {0.4m), acidified (pH = 2.5)
seawater samples with a precision of 10%. Sea~
water samples were collected from the central
Bering Sea south of St. Lawrence Is, extending
across the continental shelf break. Two water
masses were defined in the area: continental
'shelf' water with salinities between 29.5%
and 32.2% and temperatures between 120C and
-29C; and continental ‘slope’ water with sali-
nities between 32.0% and 33.2% and tempera-
tures between 119C and 0°C. The water masses
comprise a frontal system delineated by the
100m isobath. Copper concentrations show
marked differences across this front. Copper
concentrations in 'slope' water varied betwee
0.1 and 0.6uge~', (mean 0.29% 0.13pge-!
(4.5n. mole 2-') and in contrast copper in
continental 'shelf' water was more variable
0.2 - 1.2192™? with a significantly higher mean
concentration 0.50% 0.27pg2~"(7.8n. mole &°').
A11 continental shelf stations at depths less
than about 100m showed copper gradients direc-
ted into the sediments, indicative of a flux
of copper from the sediments to the overlying
water. Estimates of the riverine and atmos-
pheric copper input to the area indicate they
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are insufficient to support the copper concen-
trations in continental shelf waters. It is
hypothesized that surface sediment remobiliza-
tion and sediment seawater exchanges are prin-
cipally responsible for the elevated copper
concentrations in continental 'shelf' waters.

Particle Size and Flux
Measurementsin ’
Marine and Fresh
Water System

Harbour C

Monday P.M.

Prithviraj Mukherji (Univ. of
Rhode Isiand), Presiding

0 178 IRVITED PAPER

THE ROLE OF PARTICLE SIZE DISTRIBU-
TIONS IN DETERMINING ACOUSTICAL BACK-
SCATTERED ESTIMATES OF VERTICAL OCEANIC
PARTICLE DISTRIBUTIONS.

John Proni, (NOAA/AOML Miami, Fla. 33149)
Raj Mukherji, (U.R.I. School of Ocean-

ography, Kingston, R.I. 02881)

Dana Kester, (U.R.I. School of Ocean-

ography, Kingston, R.I. 02881)

Acoustical techniques have now shown to
be of use in guldlng oceanic chemical
sampling and in determining horizontal
dispersion patterns of particulate matter
dumped in the ocean. However, in order
to establish the limits of accuracy of
acoustical estimates of the particulate
concentration field the relationship be-
tween particle size distribution and
acoustical backscattered 1nten51ty must
be determined. The relationship is ex-
amined using data from a recently (July
1979) conducted dredge material dump ex-
periment in the N.Y. Bight. One approach
in which the acoustical backscattered
intensity is regarded as the 6th moment
of the distribution and the total sus-
pended mass is regarded as the 3rd mom-
ent of the distribution is presented and
is compared with data from the New York
Bight.
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BREAKAGE OF FLOCS IN SUSPENDED MATERIAL SIZE
MEASURING

Ronald J. Gibbs, (College of Marine Sudies,
University of Delaware, Lewes,DE 19958)
Lohit Konwar and Luis A, Cifuentes.

In the marine enviromnment, clay material as
well as other inorganic and organic materials
are destabilized because of the effect of high
concentrations of dissolved salts. These de-
stabilized particles can then form flocs. 1In
order to understand the hydrodynamic processes
of transport and deposition of the suspended
material, information on the size & character
of the flocs must be obtained.

These flocs are easily broken during sampling
and analysis. Simulating taking of samples
using a pipette, tests were conducted of break-
age of flocs upon passing through orifices that
ranged in size from 125 to 3486pm in diameter
with very low sucking pressure. Tests conduct-
ed on a variety of flocs showed breakage by all
but the largest orifices. Breakage varied with
the strength of the flocs.

The effect of Coulter-counter analysis on
floc breakage was tested on a variety of samples.
Many, but not all,-flocs are broken up when
passing through the orifice of the Coulter
counter, Care must be used in interpreting
these size distributions, All stages of samp-
ling and analysis must be investigated as
sources of breaking floes if an accurate meas-
urement of the size distribution existing in
the environment being sampled is to be obtained.
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LARGE VOLUME IN SITU FILTRATION STUDIES OF
PARTICLE SIZE DISTRIBUTIONS AND VERTICAL MASS
FLUX.

James K.B. Bishop (Lamont-Doherty Geological
Observatory, Palisades, NY, 10964)

Over the past several years the Large Volume
in-situ Filtration System (LVFS) has been de-
ployed in the upper 1500 m of tropical oceans.
Approxiamtely 20 m3 of seawater is filtered
through a filter series consisting of 53 um
Nitex mesh and a pair of 1 um glass fiber fil-
ters to trap particulate matter for size dist-
ribution and chemical analysis.

The particle size distributions have been
compared to power-law distributions of the
form:

. -m
Nd = ad

where Ny is the cumulative number of particles
greater than size, d, and m and a are the slope
and intercept of the log[Nd] vs logld]
plot. A fit of the larger sized particles to
this distribution is used to predict the
abundances of material larger than the size
limit sampled.

The measured and extrapolated size distrib-
utions of fecal pellets and fecal matter as
well as of Foraminifera and diatoms are combined
with semi-empirical settling models based on
Stokes' Law to yleld estimates of the vertical
mass flux of these particulate matter phases.

The interpretation of flux profiles is
dependent on:

1) Relative scales of temporal and spatial
variability of particle production and distrib-
ution. )

2) Changes in the size distribution of the
material during its filtration.

3) The validity of the power law extrapol-
atioms.

4) The applicability of settling models to
oceanic particulate matter.

Recent profiles from the Panama Basin will be
used to illustrate these points.
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INTERMEDIATE NEPHELOID LAYERS OBSERVED

OFF OREGON AND WASHINGTON

H. Pak {School of Oceanography, Oregon
State University, Corvallis, Or. 9733 1)

Two distinct kinds of particle maxima
(nepheloid layers) were observed off Oregon in
November 1971 and off Washington in October
1978 by an in situ 1ight transmissometer: one
in the thermocTine in the euphotic zone and the
other at intermediate depth well below the
thermocline. The thermocline nepheloid layer
is associated with well-defined maxima of dis-
solved oxygen, chlorophyll-a, and phaeophytin,
and these associations suggest that the nephe-
loid layer is primarily composed of phyto-
plankton undergoing active photosynthesis. The
intermediate nepheloid layer is found in con-
nection with the bottom waters near the shelf
break and shares some of the characteristic
properties of the bottom water: high concen-
tration of suspended particles, low concentra-
tions of dissolved oxygen, chlorophyll-a, and:
phaeophytin. The particle size distributions
in the intermediate nepheloid layer are dif-
ferent from those in the clear water above the
nepheloid layer but simiiar to those in the
bottom nepheloid layer. Two hypotheses for the
generation of intermediate nepheloid layers,
settling and horizontal advection, are examined,
and the data support the latter hypothesis.
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ACOUSTIC DETECTION OF PARTICLES IN A FLUID

Marshall H. Orr (Department of Ocean Engineering,
Woods Hole Oceanographic Institution, Woods
Hole, Mass. 02543)

Elizabeth J. Howard

Multifrequency towed acoustic backscattering
systems (20-500 kHz) are being used in oceano-—
graphic research to detect near surface (0-150m)
particle distributions caused by both natural and
manmade processes. The results to date have been
mostly qualitative, with little information
concerning particle size distribution or con-
centration being derived from the acoustic work.
Laboratory tank experiments have recently been
conducted at an operating frequency of 1.6 MHz
to-determine the senmsitivity of acoustic systems
of particles of known concentration and size
distribution. The experimental results, as well
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as numerical projections concerning the semsitivity
of acoustic systems to particle concentration and
sizes as a function of acoustic frequency will be
discussed. The numerical projections and towed
acoustic data in both industrial chemical waste
disposal areas and areas containing natural
particle distributions indicate that particles

of large size (> 200u) may not be uncommon even
though standard sampling and sizing techniques

do not detect them.
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FLOCCULATION KINETICS OF NATURAL CLAY SEDIMENTS

Joan E. Lathrop

Ronald J. Gibbs {both at: College of Marine
Studies, Univ. of Delaware, Lewes, Delaware,
19958)

The importance of mineralogy, particle size,
and ionic strength on the flocculation of natu-
ral sediments was studied by means of floccula-
tion rate experiments on a Delaware Bay mud sam-
ple, size segregated into fractions of .5-1, 1-
2, and 2-4 um. Concurrent studies were performed
with American Petroleum Institute (API) standards
of montmorillonite, kaolinite, and i11ite simi-
Tarly size-fractionated to provide a basis for
comparison with the 1iterature and to predict
the effect of mineralogy on the stability values
(which are inversely proportional to the floccu-
Tation rates) of the sample from Delaware Bay.
The experiments were performed in artificial sea-
water of various salinities. A tank-type reac-
tion mixer was used to stir the clay suspensions
at a constant rate. Particle number concentra-
tions were determined at specific time intervals
by microscopic counting. A modified form of the
SmoTuchowski rate equation for fluid motion floc-
culation was used to describe the coagulation
process and determine the stability values for
the clay suspensions. The velocity gradient and
floc volume fraction were held constant. Stabil-
ity values of montmorillonite were Tower than
those for kaolinite and i11ite which were statis-
tically indistinguishable at less than 5% . At
17.5% a1l API standards were destabilized equal-
ly. As predicted by theory, both the effect of
initial particle size on the flocculation rate
was insignificant, and the stability value de-
creased with increasing salinity. An important
conclusion is that the stability values and thus
the flocculation rates for the natural sample
are significantly different from those of the
APl standards. This could be attributed to
differences in their physical nature, and the
presence of organic coatings, metallic coatings,
and/or organic particles.
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SEDIMENT ACCUMULATION RATES OBTAINED FROM
WATER COLUMN PARTICLE SIZE DISTRIBUTIONS
USING COAGULATION THEORY

James R. Hunt (Environmental Engineering
Science, California Institute of Technology,
Pasadena, CA 91125)

(Sponsor: Norman H. Brooks)

Coagulation and sedimentation mechanisms
have been used previously to predict size
distributions which account both for observed
oceanic size distributioms and for an increase
in total suspended volume at oceanic thermo-
clines. Coagulation by Brownian, shear, and
differential sedimentation were considered,
each dominant in a separate particle size
interval. The steady state particle size
distribution predicted for shear coagulation
was

Y

n(d) = Ay @0
where A is a dimenslonless constant E is the
partlcle flux through the size distribution, a
consequence of the steady state assumption, and
G is the fluid shear rate.’ Laboratory experi-
ments using clay particles in artificial sea-
water have verified the Brownian and shear
predictions. The purpose of this paper is to
review the theoretical derivation and experi-
mental verification of the predictions and then
to apply the results to obtain an estimate of
the particle volume removed to the sediments by
particle coagulation. Vertical profiles of
particle size distributions obtained by Lerman,
Carder and Betzer (1977), which agree with the
shear predicted size distribution, are used to
obtain a sediment accumulation rate. This
calculation requires estimates of A . and the
vertical variation in fluid shear ra?e.
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PARTICLE SIZE AND COMPOSITION OF DEEP-SEA
SUSPENDED MATTER IN THE NORTH ATLANTIC

. Richardson
Hollister (both at: Woods Hole Oceano-
graphic Institution, Woods Hole, MA 02543)

M.

An examination of the horizontal and vertical
variability of size and composition of suspen-
ded particulate matter at two sites (southeast
of New York and south of Iceland) in the deep
North Atlantic demonstrates the profound in—
fluence of resuspension of sediments on the
near-bottom nepneloid layer material.

Particle size distributions were measured at
sea with a Coulter Counter. Size distributions
differed between near bottom nepheloid layer
samples and the above clear water samples.

The latter samples have a uniform distribution
approaching equal volumes in logarithmically
inereasing size grades from 1-20 um, the range
of particle sizes measured. Nepheloid layer
samples have single-mode (v6um) distributions.

Compositional studies were carried out by
counting particles in photographs taken with
a scanning electron microscope. Particles
smaller than coccoliths were not included in
the counts. General compositional differences
noted are a decrease in the percentage of
coccoliths and an increase in the percentage
of clays and mineral matter from clear water
to nepheloid layer waters. These results
suggest resuspension of the more refractory
materials into the nepheloid layer.
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DIURNAL PATTERNS IN PARTICLE FLUXES AND

COMPOSITION IN THE EUPHOTIC ZONE OF THE
CARIBBEAN SEA

P. R. Betzer {(Marine Science Department,
University of South Florida, St.
Petersburg, Florida 33701)

D. W. Eggimann, K. J. Karcich, D. J. Walter,
P. B. Ortmer, D.L. Johnson, D. W.

Atwood, and G. R. Harvey

(Sponsor: Kent A. Fanning)

Free-floating sediment traps were deploy-
ed at two locations in the upper 100 meters
of the open eastern Caribbean Sea. Flux
measurements were made at 20 and at 100
meters over a full day (24 hours), during
daylight hours, and during the evening.
The movements of the deep scattering layer
into and out of the upper 100 meters were
monitored duriag each deployment with a
20 KHz acoustic system. Particle fluxes
recorded during the night averaged over
five times those recorded during the day.
Scanning electron micrograph and energy
dispersive x-ray analysis of the trapped
material revealed a distinct compositional
difference for materials collected during
these two periods. The diurnal contrast
in aggregate composition suggests that the
processes which are primary controls over
the large particle fluxes are different
during those two periods of the day.
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THEORETICAL AND EXPERIMENTAI LIGHT-SCATTERING
FUNCTIONS FOR LAKE MICHIGAN DIATOMS

E.B. Hurwitz

G.A. Meadows (Both at: Department of Atmospheric
and Oceanic Science, The University of
Michigan, Ann Arbor, MI 48109)

To date, the use of light-scattering techniques
to study the geochemical nature and hydraulic
parameters of suspended materials has come
mainly from marime studies. Relatively little
information has been reported concerning
characteristic optical information such as size
distribution, concentration, shape parameter,
and index of refraction, of suspended particu~
lates in fresh water basins.

Theoretical light-scattering functions for
spherical particles were calculated using Mie
Scattering theory for orientations angles from
0° to 180°. This analysis was performed for a
distribution of particle sizes and indices of
refraction which are characteristic of the
Great Lakes.

Several species of centric diatoms, were
cultured including Cyclotella meneghiania and
Stephanodiscus binderanus using a W.C. medium.
The invitro light-scattering functions of these

diatoms were measured for a known concentration/
ml. and size distribution. These measurements
were obtained using a helium-neon laser, polar
nephelometer designed by the Department of
Atmospheric and Oceanic Science, The University
of Michigan. This instrument is capable of
determining the light-scattering function based
upon scattered light intensity measured at 37
specific angles between 0° and 180° in 5° in-
crements. These scattering functions were then
analyzed and compared with theoretical Mie
scattering functioms. A similar procedure was
carried out using diatoms directly from Lake
Michigan sample water. Results from these
analyses indicate that with proper calibration
from representative samples of kmown optical
properties, the gemeral characteristics of
naturally occurring diatom communities can be
determined through nephelometry.
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IN SITU ANALYSES FOR SIZE, SHAPE,
SETTLING ORIENTATION AND SETTLING SPEED
OF OCEAN PARTICLES
BY HOLOGRAPHIC PHOTOMICROGRAPHY -

Kendall L, Carder (Marine Science
Department, University of South Florida,
St. Petersburg, Florida 33701)

An "in situ" holographic recording
system is described that provides data on
the size, shape, speed and orientation of
particles settling in a sediment trap. The
primary advantage of holography is that
diffraction patterns from all of the parti-
cles (not just those in one plane) in the
coherent light beam can be recorded and
reconstructed into particle images. The
system employs low power, off-the-shelf
components. Image reconstruction is
assisted by means of a computer-controlled
digital video processor.

Particles in the size range 2 to 3000 um
can be recorded and reconstructed, and
settling or swimming speeds from .5 to
10-5 cm/sec can be determined. The advan—
tages and limitations of the system are
discussed along with examples of data
acquired by this technique.

Tidal Hydrodynamics
of Semi-Enclosed
Basins and Coastal
Regions

Metropolitan West
Monday P.M.

Bruce Parker (NOAA),
Presiding
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RECTIFICATION OF TIDAL CURRENTS OVER
SLOPING BOTTOM TOPOGRAPHY WITE
APPLICATION TO GEORGES BANX

J.W. Loder (Dept. of Oceanography,
Dalhousie University, Halifax, N.S.,
Canada B3H 4J1)

C.J.R. Garrett

significant contributions to the mean
circulation of tidally-energetic
shallow seas can arise from the non-
linear interaction of tidal currents.
We discuss the rectification of tidal
currents over sloping bottom topography
by extending the work of Huthnance
(1973). Neglect of mean current-tidal
current interaction and truncation of
the Taylor series for Stokes velocity
are only possible if the tidal excursion
is much less than the topographic length
scale. This is not usually true. We
show how the mean flow and the Stokes
velocity may be determined for arbitrary
ratio of these length scales (assuming
uniformity along isobaths). The results
have implications for the resolution
required in numerical models, and are
used to examine the role of tidal
rectification in driving the observed
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clockwise gyre around Georges Bank. The
rectification of M, tidal currents on
the Bank's sloping“sides is predicted to
make an important year-round contribu-
tion to the observed gyre, but with the
mean Lagrangian velocity only approxim-
ately two-thirds of the mean Eulerian.
Extension to the vertical structure of
the associated cross-isobath flow is
discussed.
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TIDES AT PORT MANSFIELD, LAGUNA MADRE, TEXAS

Bernard D. Zetler (Scripps Institution of
Oceanography, University of California,
San Diego, La Jolla, CA 92093)

The tides at Port Mansfield are so small
(mean diurnal range of about 2 cm), they
are nearly lost in a noise (meteorological)
continuum, Nevertheless, a precise tidal
analysis is necessary to provide the data
for a determination of the elevation of
mean high water, the boundary between
private and state ownership in an oil-
producing area with a very flat terrain.
Although response tidal analysis has been
shown to be somewhat superior to classical
harmonic anralysis in various previous tests,
no advantage is found in these circumstances
of extremely low signal-to-noise ratio.
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EFFECTS OF FRICTION ON SHELF TIDES: SOME RESULTS
FROM ANALYTIC MODELS

H.0. Mofjeld (NOAA Pacific Marine Environmental
Laboratory, 3711 15th Ave. NE, Seattle, WA 98105)

Analytic models assuming constant depth H show
that the horizontal distribution of tides on con-
tinental shelves is relatively insensitive to the
type of friction used. For Kelvin waves, the
distributions are generally similar with quadra-
tic friction (linearized at the frequency of
interest) or with vertical eddy viscosity A. An
exception is the regime near the inertial fre-
quency f where quadratic friction causes the
cophase 19nes to slant backward while small vis-
cosity causes forward-slanting; away from f and/
or with larger viscosity, the cophase 1ines also
slant backward with viscosity. The shortening of
the wavelength is similar for either type of
friction and occurs for Kelvin, Sverdrup (propa-
gating) or Poincaré (standing) waves. The off-
shore decay scale of Kelvin waves is increased by
friction at very Tow freguencies. There is an
angular frequency (Af/z)%/H below which waves
actually satisfy diffusion, rather than wave,
dynamics because friction is more important than
acceleration in the force balance. This fre--
quency is well-below the principal tidal bands
for the open shelf; but in shallow embayments
and rivers, the tides can be diffusive. The
studies with viscosity show that the vertical
structure of tidal currents is a strong function
of frequency and of the Tocal, horizontal dis-
tribution of tidal height. Well-below f there
are quasi-steady, bottom Ekman Tlayers, near f a
complicated elliptical structure and well-above
f colinear bottom Stokes Tayers with a smaller
vertical scale than the Ekman height.

N
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ON THE COMPUTATION OF BAROTROPIC TIDES IN
DEEP INLETS

Bruno M. Jamart

Donald F. Winter (both at: Department of
Oceanography, University of Washington,
Seattle, WA 98195)

Tidal motion in semi-enclosed basins is
essentially periodic. Hence, the solution of
the shallow water wave equations in Fourier
space (or in terms of harmonic constituents)
can be an efficient alternative to the con—
ventional time-stepping procedures. We de-
seribe a numerical method based on that
premise which combines variational calculus,
an iterative scheme, and -the finite element
method to determine the spatial variations of
the Fourier coefficients of water height and
depth-averaged horizontal velocities.

A simple version of the procedure has been
applied to Knight Inlet, a long, deep, narrow,




o)

steep-sided fjord in British Columbia. The
extraction of tidal energy through internal
mechanisms associated with the flow over the
sill is represented by a body force linear in
the local depth-mean velocity and inversely
proportional to the time-mean depth. Com~
puted results for the barotropic tidal flow
agree fairly well with observations. When

the Coriolis term is retained, specification
of the surface elevation across the open
boundary is inappropriate, and a different
boundary condition is proposed (specification
of flow direction along the mouth of the
estuary, and of tidal height at one point
thereon). It is suggested that Poincaré waves
generated at the sill and decaying away from
it might be responsible for the significant
cross—chamnel motions observed in the vicinity
of the sill.
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TIDAL CURRENTS OFF A MULTI-INLET COASTLINE

J. 0. Blanton (Skidaway Institute of Ocean-
ography, P, O, Box 13687, Savamnah, Ga., 31406)

Vertical profiles of currents were measured
for four tidal cycles every 2 hrs at two loca-
tions off the Georgia coast. Nine km separated
the two sites. Site A was located at 13 m depth
in relatively flat topography, Site B was
located at 12 m depth in a rugged area of low
ridges and troughs.

Tidal currents at both locations traced
ellipses whose vectors rotated clockwise, Orien-
tation of the ellipses as well as the ratio of
minor te major axes (8) differed between the
two locations. The orientation shifted clockwise
with increasing depth and seemed to be affected
by the proximity of large tidal inlets 15 km
away. Ellipses at Site A (flat topography) had
relatively low values of S while those at Site B
(ridge/trough topography) had significantly
higher values, and tidal motion was nearly
circular at some depths,

It seems likely that the undulating top-
ography at Site B was responsible for the
uniformly higher S values. The length scale of
the topographic features at Site B is compar-
able to a tidal excursion, This condition is
dynamically favorable for the generation of
residual tidal currents (Zimmerman, 1978) and
the higher S values are thought to be Eulerian
expressions of the residual currents,

Tidal currents on shallow shelves have many
characteristics found in estuaries and embay-
ments. Frictional effects extend to the
surface, Close to a multi-inlet coastline,
tidal currents appear to be affected by the
tida’. flow of the inlets as well as by the
scale of local topographic features,
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TIDE-INDUCED HORIZONTAL MIXING IN THE UPPER
REACHES OF THE BAY OF FUNDY.

Peter E. Holloway (Department of Oceanography,
Dalhousie University, Halifax, N. S.
Canada, B3H 4J1).

(Sponsor: Chris Garrett)

A one-dimensional advection—-diffusion
equation is used in analysis of the salinity
distribution in the upper reaches of the Bay
of Fundy, where measurements show the water to
be vertically well-mixed. Best agreement
between data and theory is obtained for
numerical solutions to the equation where
variations along the estuary in cross—sectional
area and advective velocity (induced by fresh
water input from rivers) are considered, and
where the longitudinal dispersion coefficient
equals 150 uh. The bar denotes a cross-
sectional average, u, is the r.m.s. friction
velocity from the bottom stress averaged over a
tidal period and obtained from a numerical
model of the tidal regime (Greenberg, 1979),
and h is the water depth.

The model is used to predict changes in the
salinity distribution that would result from
the construction of a tidal power barrage
across part of Minas Basin.
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TIDAL MIXING, SUMMER STRATIFICATION
AND FRONTS IN GREATER COOK STRAIT, NEW
ZEALAND

M.J. Bowman

S. Chiswell (both at: Marine Sciences
Research Center, SUNY at Stony Brook
Stony Brook, NY 11794)

Closely spaced mid-summer hydrographic
data gathered in the shelf seas gf cen-
tral New Zealand (10,000 n miles ¥ Jan.
9-Feb. 5, 1980 are used to compare water
column bulk stratification, potential
energy deficit and frontal features with
modeling predictions of the "h/u®"
stratification index.

Bulk stratification and potential en-
ergy deficit distributions correlate
strongly with h/u® predictions (which
vary by a -factor of 3000 over the study
region) in almost all areas.

Frontal boundaries located near crit-—
ical values of h/u’ (v25) did not
necessarily possess surface manifesta-
tions, presumably due to active wingd
stirring. Cross frontal temperature
gradients alsc appeared to depend
strongly on the spatial gradient of
h/u®.
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TIDE AND TIDAL CURRENT DYNAMICS ON THE INHER
LOUISIANA SHELF

M. W. Szabados (NOAA/National Ocean Survey,
RockviTTe, MD 20852)

L. E. Hickman, Jvr.,
MD 20852

(Sponsor: Henry R. Frey)
The National Ocean Survey (NOS) deployed

current meters, meteorological stations, wave
gages, and water level gages along the western

coast of Louisiana from June 1978 through May 1979

Tide and tidal current data were investigated
using harmonic and spectral techniques.

The principal harmonic constituents of the
tidal currents were displayed graphically as
tidal current ellipses. Ellipses of the semi-
diurnal harmonic constituent, Mp, indicate that
the tidal ‘current and tidal forces were in phase.
Results from the cross spectral analysis between
currents and water level measurements also indi-
cate that the semi-diurnal tidal current and tidal
sea surface fluctuations were primarily in phase.
This phase relationship suggests the presence of
barotropic tidal currents.

The data also exhibit a baroclinic tidal
current response to the tidal forcing. This is
suggested by the tidal current ellipses of the di-
urnal harmonic constituents, K1 and 01. Investi-
gation of the major axes of the ellipses showed
that the amplitude and phase angle are incoherent
in the diurnal frequency band. Temporal and
spatial variability of the density field are also
reperted.
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TIDES AND TIDAL DISSIPATION OF THE EASTERN
BERING SEA SHELF

CarT A. Pearson (National Ocean Survey, NOAA)
Harold U. Motjeld (both at NOAA Pacific Marine
Environmental Laboratory, 3711 15th Ave. NE,
Seattle, WA 98105)

Pressure gage anc current meter data acquired
on the eastern Bering Sea Shelf from 1975 through
1979 have been analyzed for tidal constituents
and have been used, along with historical data,
to construct cotidal charts and tidal current
ellipse diagrams. Although S2 is anomalously
small in the Berina Sea, the tides are predomin-
ately semidiurnal throughout most of the shelf
region. In Horton Sound, however, the diurnal
tides predominate. The tide wave enters the
Bering Sea through the central and western
Aleutian Island passes and progresses as a free
wave to the shelf region. Largest tidal ampii-
tudes are found over the southeastern shelf
region, especially along the Alaska Peninsula and
interior Bristol Bay. The semidiurnal tide prop-
agates as a Kelvin wave along the Alaska Peninsula
but appears to be converted on refiection in
interior Bristol Bay to a Sverdrup wave. A large
standing Sverdrup (Poincaré) wave resulting from
cooscillation in Kuskokwim Bay is evident on the
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outer shelf. The semidiurnal tides are small in
Norton Sound where an amphidrome is located. The
diurnal tides, which can have only Kelvin wave
dynamics, cooscillate between the deep basin and
the shelf area. Diurnal amphidromes are found
between Nunivak Island and the Pribilofs, and
west of Norton Sound. Tides are small in the
Bering Strait. Tidal currents were found to be
significantly reduced during winter ice cover in
the Northern Bering Sea.

Tidal energy dissipation in the eastern Bering
Sea is estimated by the energy flux method at
2-3x104 megawatts, or about 1% of the global total.
This is far smaller than many earlier estimates,
but in agreement with recent model results. Most
of this dissipation is accounted for by the Mp
tide and is concentrated in Bristol Bay.
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TIDAL CURRENTS IN APALACHICOLA BAY,
FLORIDA

L. Vansant (Dept. of Oceanography,
Florida State University, Tallahassee,
Florida, 32306)

Y. Hsueh

A numerical model of the tidal currents
is developed for Apalachicola Bay, a
well-mixed estuary located on the Gulf of
Mexico on the North Florida coast. Open
ocean tides at the east and west ends of
the bay force co-oscillations of the bay
water which are modelled on the basis of
traditional shallow water dynamics, i.e.,
the vertically integrated and linearized
momentum and continuity equations for
the flow of a homogeneous fluid damped
by a quadratic bottom friction.

Model results indicate:

(1) The inviscid resonance period of

the bay is approximately 3 hours.

(2) The total energy of the system
approaches the equilibrium value
in about one day following the
imposition of tides at the open
boundaries.

Water exchange between the bay
and the open ocean occurs pre-
dominantly through the relatively
narrow and deep west opening.
(4) The maximum tidal range occurs

in East Bay, a shallow arm of

the estuary.

(3

{5) The residual current is strongest
along the barrier island to the
south, where water depths are
greatest.
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TIDAL HYDRODYNAMICS OF APALACHICOLA
BAY, FLORIDA

Donald Steven Graham ( Department
of Civil Engineering, the University
of Florida, Gainesville, Florida, 32611)

The hydrodynamics and water quality of
Apalachicola Bay , a major estuary on
the north Florida Panhandle, are being
studied for the purposes of developing
management techniques for this type of
water body and to improve knowledge
about this new National Estuarine Sanc-
tuary. Apalachicola Bay is not a geo-
morphologically “classic" estuary, but
rather is semi-enclosed by two barrier
islands and is connected to the Gulf
of Mexico by four passes. Differences
in the tidal phase and amplitude at the
passes result in a circulation which is
characterized by a 1arge net nontidal
flow to the west. Wind is an important
dynamic agent in this estuary also.

The project is using the MIT CAFE-1
DISPER-1 2-dimensional finite-element
model system which is found to be
quite accurate. Both field work and
specially-processed LANDSAT images are
being used to calibrate the models. To
be most effective,field measurements
need to be taken in such a manner as
to be compatible with model require-
ments. By using preliminary model runs
with reascnable default parameter values
and remotely-sensed data to plan

the field measurement program, much
greater efficiency may be had.
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THE ATTENUATION OF TIDAL WAVES IN A LONG NARROW
SEMI-ENCLOSED BASIN

PARKER, Bruce B., (National Ocean Survey, NOAA,
Rockville, Maryland 20852)

The amplitude of a tidal wave as it enters and
propagates up a semi-enclosed basin, reflects at
the head, and propagates back down {and is super-
imposed on the incident wave) can be attenuated
by: (1} the frictional resistance to flow of the
bottom and sides of the basin, (2} wave scatter-
ing caused by cross-sectional irregularities,

(3? Tocal loss at the head of the basin due to im-
perfect {partial) reflection, and (4) localized
loss at locations of numerous islands and/or side
channels (where portions of the wave split off,
enter thesé channels, and either do not return or
return out of phase with the main wave).

Using cotidal and corange charts determined
from extensive tidal data from the Strait of Juan
de Fuca-Strait of Georgia, a one-dimensional ana-
lytical model is used to show the relative impor-
tance of each of the above-noted mechanisms in
this waterway. The Mz tidal wave undergoes a 17%
amplitude reduction in the area of the San Juan
Islands and undergoes an imperfect reflection at
the northern end of the Strait of Georgia {because
of the small channels connecting it to the Pacific
Ocean), reducing the amplitude of the reflected
wave by 18%. The continuous attenuation of the M
wave is represented by an exponential damping coef-
ficient of 0.75 per Mp wavelength (i.e., a 53% re-
duction in amplitude per M2 wavelength); this in-
cludes the effect of both frictional losses and
wave scattering. The Ky tidal wave is similarly
affected by the San Juan Islands and the imper-
fect reflection at the northern end of the Strait
of Georgia. However, the continuous attenuation
is much less, being represented by an exponential
damping coefficient of only 0.1 per K; wavelength
(i.e., a 10% reduction in amplitude per Ky wave-
Tength) The greater attenuation of the My wave
is mainly a result of the greater effect of wave
scattering on the My wave than on the K, wave, and
the greater frictional loss because of 1arger M2
than Ky current amplitudes.

Mixed Layer and Upper
Ocean Studies

Harbour B

Monday P.M.

Terry Joyce (Woods Hole
Oceanographic Institute),
Presiding
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THE UNSTABLE TURBULENT MIXED LAYER AS
A SOURCE OF DOWNWARD PROPAGATING
NEAR-INERTIAL MOTION

John Kroll (Department of Mathematical
Sciences, 0ld Dominion University,
Norfolk, VA 23508)

It has been observed in the ocean that
near-inertial period motion propagates
downward from the surface and can be of
considerable magnitude in the deep ocean.
But the linearized boundary layer equa-
tions of motion predict that the inertial
motion generated in the mixed layer by
the wind is at exactly the local inertial
frequency which will not propagate down-
ward. The linear stability of large-
scale perturbations of the turbulent
slab model of the mixed layer above a
continuously stratified inviscid bottom—
less ocean is being analyzed. The model
is crude especially since a lateral eddy
coefficient is used to close the system,
but preliminary results are interesting.
A critical point for instability with a
frequency slightly greater than the
local inertial frequency is found for
uniform flow (no oscillations) in the
mixed layer. This implies that the
Ekman transport is a possible source of
inertial energy in the deeper ocean.
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A MIXED LAYER EXPERIMENT ON THE SCOTIAN SHELF

N.S. Oakey (Atlantic Oceanographic Laboratory,
Bedford Imstitute of Oceanography,
Dartmouth, Nova Scotia, Canada, B2Y 4A2)

J.A. Elliott (Atlantic Oceanographic Laboratory)

During September—October, 1976 an experi-
ment to study the mixed layer was set up on the
Scotian Shelf near Emerald Basin south of
Halifax. The ten day experiment at a fixed
site included an extensive time series of
velocity microstructure profiles to depths of
100 m using the tethered free fall instrument
OCTUPROBE. From thesSe, we have obtained
estimates of dissipation levels. Dissipation
in the mixed layer was strongly correlated with
the wind speed and represents ~0.5% of the
energy flux at 10 m. Ia this experiment there
was a weak, but permanent, density gradient in
the surface layer defined principally by salin-
ity and as well there was a strong shear of the
horizontal current extending into the surface
layer. A possible mechanism for generating the
velocity microstructure may be through shear
instability rather than direct mechanical mixing
from the surface.
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THE RELATIONSHIP BETWEEN DOWNWARD
TRRADIANCE AND UPPER OCEAN STRUCTURE

J. J. Simpson (Scripps Institution of
Oceanography, La Jolla, CA 92093)

T. D. Dickey (Institute for Marine and
Coastal Studies and Dept. of Geological
Sciences, University of Southern
California, Los Angeles, CA 90007)

The relationship between downward irradi-
ance and upper ocean structure has been
studied using a numerical model. Two
general classes of irradiance parameteriza-
tions were utilized. The first (Case I)
employed a single attenuation length while
the second (Case II) involved two attenua-
tion lengths. The latter formulation pro-
vided for enhanced absorbance in the upper
few meters. Wind speeds of 0, 1, 2, 3, 4,
5, 10 and 20 m sec” ! were used for the
simulations. A one-dimensional second
moment turbulent closure model was selected
for the study so that heat could be treated
differentially with depth. The Case II
results indicated warmer surface tempera-
tures, shallower mixed layers, and more
intense thermoclines than Case I for wind
speeds less than 10 m sec” . Results con-
verged for higher wind speeds. There was
considerably greater sensitivity to wind
speed for Case II when compared with
Case I. Mean horizontal velocity as well
as thermal structure was sensitive to the
empirical formulation of downward irradi-
ance. The results of this study provide
strong indications that downward irradi-
ance and its proper parameterization are
important in determining upper ocean
structure.

0 204

SEASONAL VARIABILITY OF THE OCEANIC THERMOCLINE

M. A. Cane (Meteorology Department, M.I.T.,
Cambridge, MA 02139)

E. S. Sarachik (Center for Earth and Planetary
Physics, Harvard University, Cambridge, MA
02138)

(Sponsor: Peter Miller)

A linear baroclinic model of thermocline re-
sponse to periodic winds on an equatorial 8-
plane is described. 1In terms of a parameter ¢ =
whL/c, where w is frequency of forcing, L the ba-
sin size, and ¢ the Kelvin wave speed, it is
shown that for small ¢ (Atlantic) the thexmo-
cline depth response tends to be in phase with
the wind while for ¢ near unity (Pacific) only
the eastern part of the basin responds in phase.
An interesting gquasi-resonant behavior at ¢ =
nm/4 is illustrated.
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HORIZONTAL ADVECTION OF TEMPERATURE IN THE SEA-
SONAL THERMOCLINE DURING JASIN 1978

T. M. Joyce (Woods Hole Oceanographic Institu-
tion, Woods Hole, MA (2543)

R. H. Kdse and W. Zenk (Institut fiir Meereskunde,
Kiel, West Germany)

{sponsor: M. G. Briscoe)

The temporal changes in the low-frequency
thermal structure during a two week period in
August-September 1978, are discussed from moored
data collected during the JASIN experiment.

While some changes in the thermal structure
appear to be related to local winds, the domi—
nant low-freguency variability in the seasonal
thermocline can be explained as horizontal ad-
vection of a spatially varying temperature field,
and associated thermal wind, by geostrophic cur-
rents with no vertical motion or mixing required.
This advection of temperature may be important
not only for the 1-D heat budgets but also for
the tracing of fronts as they are advected
through the JASIN area.
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DYNAMICS OF DOUBLE-DIFFUSIVE INTRUSIONS

Eric S. Posmentier (Southampton College of '
L.I.U., Southampton N.Y. 11968)

Charles B. Hibbard (Lamont-Doherty Geological
Obs., Palisades N.Y. 10964)

The growth rate of double-diffusive intrusions
has been evaluated using Stermn's (1967) model,
which assumes vertical T/S gradients in the salt
fingering domain and compensating horizontal
T/S gradients.

For a given vertical scale, various cross-gra-
dient and along-gradient tilts correspond to &
variety of modes including different growth
mechanisms, growing or damped vertically-propa—
gating intrusions, and:decaying perturbations. The
relative importance of the processes causing mo-
mentum, salinity, and temperature changes is
discussed. for each mode.

A quartic equation is obtained for the tilt
at which the growth rate is maximum; however,
near-maximimum growth rates occur at widely dif-
fering along-gradient tilts.

when the salinity perturbation reaches an amp-
litude of 1%, the effective coefficients of hori-
zontal diffusion can exceed 106 and 107 cm2/s
for salt and heat, respectively. Three deriva-
tives of §,T, and density (Bulerian, Lagran-—
gian, and synoptic along-core} are found to have
different signs and phases, confounding attempts
to confirm double diffusion by fine-scale obser—
vations. T~8 diagrams in intrusion-affected .re—
gions can assume a variety of shapes.
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SCATTERING FROM VOLUME VARIABILITY

L. Goodman (Code 480, Office of Naval Research
Arlington, VA 22217)

K. Kemp (Code 3633, Naval Underwater Systems
Center, Newport, Rhode Island 02840)

Acoustic scattering cross sections for
medium fluctuations have been derived from the
fundamental wave equation. The effect of a
finite scattering volume has been analyzed.
Fluid velocity fluctuations can be shown to
produce no backscatter at scattering angle o =
180", independent of the statistical form of
the velocity field. Scattering from sound
speed fluctuations for the atmospheric and
oceanic cases is compared. Using a cylindri-
cally symmetric form about the vertical dir-
ection for temperature fluctuations, explicit
expressions for the scattering cross sections
are obtained. These results depend strongly
on the parameter «, the ratio of the vertical
length scale of the temperature variability to
the horizontal length scale. For a typical
echo sounder operating at 20 kHz, scattering
strengths based on observed values of tempera-
ture microstructure are of order -120 dB if is-
otropy is assumed { == 1). For the layered
case, where the horizontal scale of the varia-
bility is larger than the horizontal dimension
of the scattering volume, scattering strengths
are of order -70 dB. These results can be ex-
tended to other frequencies provided the medium
variability spectrum is known.
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SEASONAL SEA LEVEL ALONG THE EASTERN U.S.

John P. Blaha (PMEL/NOAA, Seattle, WA 98105)

Comparisons among three monthly series -
tide gage heights, longshore surface wind
stress, and surface wind stress curl - suggest
a systematic seasonal influence of the Gulf
Stream surface current on coastal sea level
from Key West to Sandy Hook. Tidal heights
from 1955-1975 are adjusted to uniform
atmospheric pressure and for the effect of
seasonal heating in steric heights. Adjacent
Tand stations which report resultant monthly
winds are compared to sea Tevel during 1965-
1975. From surface stresses obtained from
the FNWC atmospheric pressure analysis, wind
stress curl is computed over several latitude
bands and compared to sea level during 1955-
1975.

Seasonal sea level shows much likeness to
curl. The strong semiannual trend is
associated with latitudes 20-26°N. Sea level
anomalies to the seasonal trend appear to be
the effect of a quasi-steady response to long-
shore winds. The longshore slope of seasonal
sea level is +1.5 x 10-7 between Atlantic City
and Sandy Hook and generally between .7 x 1077
and +1.5 x 10-7. Although curl has a strong
semiannual constituent from 17 to 260N, sea
level at Key West and Miami do not.
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ON THE MEAN SEA LEVEL SLOPE IN THE
FLORIDA STRAIT

Frank Chew (NOAA/AOML, Miamj, FL 33149)
Emery I. Balazs (NOA/NOAA, Rockville, MD 20852)

The 1979 releveling of geodetic benchmarks
along the Florida Keys allows a fresh determin-
ation of the slope of the mean sea level (MsL)
between Key West and Miami. In this study, the
result of the releveling is used to find the
MSL slope for the 18 month period of December,
1970, to May 1972, when tidal data at three
intermediate locations are also available.
Averaged over this period, the MSL along the
left (facing downstream) edge of the Florida
Current shows a pronounced minimum in a region
between Key West and Miami. Approximately, the
sTope down from Key West to the minimum is 11
cm/150 km, and the slope up from the minimum to
Miami is 3 em/115 km. This minimum feature has
not been previously reported.

Observationally, the mean slope pattern is
supported, in part, by the moored current data
of Lee and Mayer, and, in part, by the surface
current datalof Richardson, Schmitz, Niiler,
and Brooks. Dynamically, the mean slope pattern
is indicative of the non-linear, or inertial
nature, of the Florida Current. For the pattern
can be interpreted as an expression of the
banking mechanism in a fast, meandering flow,
with tge downward slope primarily a reflection
of 2 downstream increase in centripetal accel-
eration, and the upward slope, an increase in
centrifugal force.
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SHALLOW WATER INTERNAL WAVE SPECTRA

A.S. Bennett (Atlantic Oceanographic Laboratory
Bedford Institute of Oceanography, Dartmouth,
Nova Scotia, Canada, B2Y LA2)

Internal waves have been observed with a
Batfish variable depth towed body on the
Scotian Shelf. Spatial spectra of vertical
displacement are presented and compared with
the Garrett and Munk deep sea spectra. The
relationship of large amplitude wave packets
to these spectra is discussed.
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ON THE VERTICAL EXCHANGE WITHIN THE
PHILIPPINE SEA

Joseph L. Reid (Scripps Institution of
Oceanography, La Jolla, CA 92093)

Arnold W. Mantyla (Scripps Institution of
Oceanography, La Jolla, CA 92093)

The Philippine Sea is separated from the
Pacific Ocean by the ridges extending south-
ward from Japan to New Guinea. Over most
of this distance the ridges extend shallow-

er than 2000 m and at only one place is
there a passage as deep as 4500 m. Addi-
tional ridges inside the Philippine Sea,
with a sill depth of about 3900 m, sepa-
rate the Sea into western and eastern
basins.

Thus the major source of the deep and
abyssal waters within the Sea is the
passage near Guam, and the abyssal charac-
teristics receive no other lateral supply.
Any deviation from the source character-
istics must result from processes within
the Philippine Sea.

The differences in the relations of the
characteristics inside the Sea from those
at the sill are consonant with a simple
vertical exchange within the Sea, with-
out involving lateral processes. In
particular the oxygen-temperature and
oxygen-density relations indicate that
‘the exchange has been effective through
the depth-range from about 2000 m to the
bottom.

Marine Geochemistry
Metropolitan East
Tuesday AM.

Robert H. Byrne (Univ. of
South Florida), Presiding
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LEAD COMPLEXATION IN SEAWATER

Robert H. Byrne (Department of Marine
Science, University of South Florida,
St. Petersburg, Florida 33701)

(Sponsor: Kent A.” Fanning)

Ultraviolet absorbance spectra of lead
have been obtained in natural seawater.
Lead absorbance spectra in the wavelength
range between 215 and 300 nanometers are
highly pH dependent. Variability of the
observed spectra is related principally
to the variation in C03~ concentration
with pH, Pb+, PbClt and PbCly0 species
which are dominant at low pd have a compo-
site absorbance maximum near 240 nano-
meters. The Pboo30 species has an absorb-
ance maximum at 225 nanometers and is
found to be the dominant inorganic form
of lead within the normal pH range of
seawater. Deconvolution of the absorb-
ance data obtained in natural seawater
directly provides formation constants
appropriate to seawater speciation calcu-
lations. Speciation schemes constructed
using data directly obtained in the medium
of interest do not require knowledge of
activity coefficient behavior as a func-
tion of ionic strength or medium. The
information obtained in this study of
natural seawater enriched (6 micromolar)
in lead provides an evaluation of the
various lead speciation models constructed
using formation constants obtained either
at low ionic strength or in simple sea-
water analogs.
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TRACE METAL PROFILES IN PORE FLUIDS FROM
HEMIPELAGIC AND RED CLAY SEDIMENTARY PROVINCES

J.J. SAWLAN

J.W. Murray (both at: Department of Oceano-~
graphy, University of Washington, Seattle
WA 98195)

(Sponsor: Bruce Taft)

Concentrations of trace metals were mea-
sured in pore fluids from "end member’ sedimentary
provinces in the East Tropical Pacific Ocean.
Oxidizing red clay environments display low
levels of Mn and Fe. Nickel concentrations are
similar to bottom water. values (v10 nM kg'l)
throughout these profiles. In the surface
sediment pore fluids, copper is considerably
enriched relative to bottom water. At lower
levels in red clay profiles copper concentrations
decrease to 15-25 nM kg™-*.

In hemipelagic sediment pore fluids, Mn and
Fe gradients are conspicuous. Nickel profiles
in these sediments reflect the manganese data.
Above the depth of manganese reduction, nickel
concentrations parallel bottom water values as
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in red clay profiles. Within the zone of manga-
nese reduction, mnickel concentrations increase
to values more than 40 times greater than bottom
water. Copper concentrations in the top 2
centimeters of these hemipelagic profiles, again
display enrichment relative to bottom water.

At the level of manganese reduction, there is a
concomitant increase in Cu.

Two processes are suggested to be responsible
for the observed pore fluid trace metal profiles.
First, reduction and dissolution of manganese
and iron results from direct involvement in
organic matter oxidation. Nickel and copper
appear to be released into solution by the reduc-
tion of these host carrier oxides. Second, some
metals (notably Cu) may be released into the pore
fluid directly from decomposing organic matter.
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ND AND SR ISOTOPES IN FERROMANGANESE DEPOSITS
AND TERRIGENOUS CLAY ’

Goldstein, Steven L. (Lamont-~Doherty Geologlcal
Observatory, Palisades, N. Y. 10964)

0'Nions, R. K. (Department of Mineralogy and
Petrology, University of Cambridge, U. K.)

87/86gy and %3/1%%Nd can be used to determine
sources of Sr and Nd in sediments and seawater.
Work at Lamont and Cal Tech has shown that Fe-Mn
deposits from different oceans exhibit distinc-
tive ranges of 143 /14454, ALl exhibit 87/8Bgy
close to seawater (.7091).

143/14%4 has been measured on clay taken from
cores in which Mn nodules lie close to the core
tog. All clay samples measured thus far show
143/144Ng within the ranges exhibited by Fe-Mn
deposits from the same ocean. A Mn nodule lo-
cated at 400 em in Indian Ocean core V20 186,
and clay above and below ?00 cm, have been ana-
lyzed for 87/86gr and 143/1%4N4.  Nodule and clay
contain an acetic acid leachable component with
87/855r close to seawater. Post-leaching
Sr values for the nodule are less than .7111,
whereas sediment values range from .7263-.7298,
clearly indicating different Sr provenances. In
marked contrast, both nodule and clay exhibit
143/1445g close to .51200,indicating that prove-
nance of the REE in the clay and nodule may be
the same.

The 143/14%Nd in Fe-Mn deposits and terrigen-—
ous clays, lower in the Atlantic than the Paci-
fic, may reflect erosion of older continent into
the Atlantic and younger continent into the Pa-
cific. Dissolved 1%3/1%%Ng in seawater may be
controlled by ion exchange with terrigenous
clay. A hydrothermal Mn crust from the Galapagos
spreading center exhibits 1¥3/1%%Nd=.512473£30,
undistinguishable from Pacific Mn-nodules (Gold-
stein and O'Nions 1979) and Pacific seawaier
(Piepgras, et al. 1979). If the Galapagos case
is representative, an insignificant amount of Nd
is exchanged durin% circulation of seawater
through MORB (1“3/ 4%Nd>.5130) ,and direct mantle
input of REE into the oceans is negligible.
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COMPARATIVE MINERALOGY, MICROCHEMISTRY AND
DIAGENETIC FEATURES INSIDE MANGANESE NODULES
FROM MANOP SITES H AND §

Virginia Mee Burns (Department of Earth and
Planetary Sciences, Massachusetts Institute
of Technology, Cambridge, Mass. 02139)
Roger G. Burns

Marjorie Styrt

Scanning electron microscope (SEM), elec-
tron microprobe (EMP), and x-ray diffraction
(XRD) measurements of manganese nodules col--
lected from hemipelagic sediments in the Gua—
temala basin (Site H; 6°33'N, 92°46'W; 3470m)
and siliceous ooze sediments southeast of
Hawaii (Site S; 11°07'N, 140°05'W; 4722m) re-
veal different chemical, mineralogical, and
textural features which correlate with compo-
sitions of underlying sediments and pore wa-
ters at each site. Manganese concentrations
are significantly higher, and Fe, Al, Si con-
tents considerably lower, in the micron-wide
growth bands inside the Site H nodules than
in the Site S nodules. The Mn-rich bands in
Site H nodules are enriched in Na and Ca,
have lower Mg contents, and are drdstically
depleted in Ni and Cu (in particular) com—
pared to the Ni~Cu-Mg-rich manganese nodules
from Site S. Such analytical data correlate
with the identification by XRD of coexisting
Mn2+—bearing birnessite and todorokite in
nodules from the more reducing hemipelagic
sediments at Site H compared with §-Mn0y and
NiZt-cu2+Mg2* pearing todorokite in nodules
from the more oxidizing environment at SiteS.
Observations by SEM reveal biogenic debris in



all nodules to be pseudomorphously replaced

by Mn oxides, the process being more extensive
in Site H nodules. In the Site S .nodules,

the meshwork todorokite crystallites frequent—
ly are associated with authigenic phillipsite
and barite. The latter phases have mnot been
identified in the Site H nodules, in which the
birnessite-todorokite assemblages have a
platey-bladed habit.
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CURRENT PHOSPHORITE FORMATION IN MEXICAN
CONTINENTAL SHELF SEDIMENTS

R. Jahnke (Department of Oceanography,
University of washington, Seattle WA 98195)

Pore water and ‘sediments obtained from the
Pacific continental shelf off Mexico in October,
1979 were analized for dissolved phosphate,
caleium, alkalinity, hydrogen ion, and total
solid phosphorus. These analyses produced
strong evidence -that phosphorites are currently
forming in these sediments.

Interstitial water phosphate concentrations
decrease with depth in the sediment resulting
from either increasing rates of input at the
sediment surface or consumption within the
sediment, At two of the:stations, the profiles
are linear to a depth of 40 cm. Diffusion cal-
culations show that the gradients cannot be
formed seasonally suggesting consumption at
depth. Profiles from the other stations exhibit
zones of large curvature implying coxsumption
at these horizons. All pore waters are highly
supersaturated with respect to solubility
values reported for marine apatites.

There is a large subsurface maximum in total
solid phosphorus at the station displaying the
largest curvature in the pore water profile.
This maximum coincides with the zone of greatest
curvature and -is consistant with the hypothesis
that dissolved phosphate is being consumed in
this region. X~ray diffraction analysis of the
sediments from this zone resulted in six peaks
corresponding to "d" spacings reported for
other marine apatites. The relative intensities
of these peaks approximately agree with
previously measured values. Assuming steady
state, the rate of growth_of apatite in this
zone is .17 mg apatite/cm3/yr‘
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CALCITE DISSQLUTION: AN IN SITU STUDY IN THE
PANAMA BASIN

Robert Thunell (Dept. of Geology, Univ. of
South Carotina, Columbia, S.C. 02908)

Susumu Honjo and Robin Keir (Woods Hole
Oceanographic Institution, Woods Hole, Mass.)

An in situ study has been carried out to
determine the relationship between calcite
dissolution and water-column carbonate chem-
istry in the Panama Basin. Fourteen pre-
weighed samples of planktonic foraminifera
were attached to a deep-sea mooring line at
six different levels (665m, 1268m, 2265m,
2869m, 3769m and 3791m) and deployed for 123
days. After recovery, percentage weight loss
and number of broken foraminiferal tests were
determined. In addition, carbonate saturation,
expressed as 1-f), was calculated from mea-
surements made at a hydrographic station
close to the mooring site. Both weight Toss
and percentage of broken foraminiferal tests
show that very little dissolution is occur-
ring above 2869m. Below this depth dissolu-
tion increases rapidly, suggesting that the
“hydrographic lysocline" may be at approxi-
matelly 3000m in this region. These findings
are consistent with a study of Panama Basin
surface sediments which show that the "sedi-
mentary lysocline" is also close to 3000m.

A comparison of the dissolution trends ob-
served in both the in situ and surface sedi-
ment studies with the water-column carbon-
ate chemistry indicate that the level of
increased dissolution is not associated with
the transition from saturation to undersat-
uration with respect to calcite.

0218
RADIOACTIVE & STABLE ISOTOPE STUDIES OF NAUTI-
LUS POMPILIUS: RATE AND ENVIRONMENT OF GROWTH

J.K. Cochran (All at Dept. of Geology & Geo—
D.M. Rye physics, Yale Univ., New Haven,
N.H. Landman CT 06520)
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The growth rate and enviromment of growth of
Nautilus pompilius are being studied using the
U decay series nuclides 225Ra, 210py ang

210po and stable isotopes of C and O. To date
one juvenile specimen recovered live in the
Philippine Islands has been studied. Radio-
chemical analyses of the body chamber and the

9 most recently formed septa show that 210pp
(t1,2 = 22.3y) is iIncorporated into the shell
in éxcess of its grandparent 226Ra (t),p =
1622y) and granddaughter 210Po (ty,, ='1384)
relative to the concentrations in ambient sea
water. The 210po/210pp activity ratio (correc-
ted to the time of capture of the Nautilus) in-
creases systematically from O in the most wre—
cently formed septum (septum 26) to 1.0 by sep—
tum 19. Assuming that an individual septum is
formed rapidly compared with the length of time
between septa, the pattern of ingrowth of 210pg
to radioactive equilibrium with 210Pb yields a
period of 60 to 90 days between formation of
septa. 6180 values for the first 7 septa (sep-
ta 1-7) range from -1.4 to -1.0%,. There is a
pronounced break in §180 between the 7th and
8th septa, with values for septa 8-26 varying
from 0.5 to 1.2%,. The break in the §180 pat-
tern ceincides with a decrease in septal spa-
cing and may correspond to the end of the em-
bryonic stage. §13¢ values for septa 1-10 vary
from -1.4 to -.6%,. A break in §13C values oc~
curs between septa 10 and 11, with §13¢ for
septa 11-26 ranging from 0.0 to 1.3%,. There is
a positive correlation between 513¢ and 6180
for septa 11-26. This may relate to a varying
rate of individual septal deposition with more
recently formed septa deposited closer to iso-
topic equilibrium with sea water. Altermatively
a weak correlation between 210Pb activity and
§13C implies that the 6180 and 513¢ variations
may be related to depth in the water column or
proximity to shore.
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SEDIMENTARY PROCESSES IN THE INNER NEW YORK
BIGHT: EVIDENCE FROM Pb-210 AND Pu-239,240

L.K. Benninger (Dept. of Geology, Univ. of
North Carolina, Chapel Hill, NG 27514)

S. Krishnaswami (Physical Research Laboratory,
Ahmedabad 380009, India)

Seven sediment box cores 20-50 cm in length
from the inner New York Bight were analyzed for
water content, loss on ignition (LOI) and
excess Pb-210; three were also analyzed for
Pu-239,240. Excepting some depth horizons in a
core from a dredge-spoil dumpsite, every sample
analyzed contained excess Pb-210. Variations in
the concentration of excess Pb-210 with depth in
the sediment at all stations correlated strongly
with LOI, which apparently traces that fraction
of the sediment which is active in removing
reactive elements from the water column, In the
cores analyzed for Pu-239,240, every sample con-
tained finite Pu, and Pu concentrations showed
strong correlation with excess Pb-210.

The radionuclide distributions may be
viewed as products of sediment accumulation or
of mixing. The most reasonable accumulation
model yields very rap%d rates of sediment accum-
ulation: 0.5-3.2 g/cm /yr. At the other extreme
the relationships between excess Pb-210 and LOT
are compatible with mixing of a Pb-210 carrier
phase (traced by LOI) into the pre-existing sub-
strate with little or no actual accumulation.
Bulk sediment properties suggest a compromise:
episodes of sediment migration during which
fines carrying reactive elements are mixed into
the moblile substrate. Thus real local sediment
accumulation might be largely fed by sediment
redistribution.

Measured inventories of excess Pb-210 and
Pu at these stations are minimum estimates but
are still greatly in excess of those supportable
by direct atmospheric deposition: lateral supply
is required. Incorporation of sedimentary fines
into the sand substrate could make this environ-
ment an important repository of reactive
elements.
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ADVECTIVE VERTICAL PROCESSES IN THE UPWARD

TRANSPORT OF PARTICULATE MATERIALS AND DIS-
SOLVED METALS FROM MINE TAILINGS DISCHARGED
INTO TWO DIFFERERT FJORD SYSTEMS.

M. Waldichuk, (Fisheries and Oceans Canada,
West Vancouver, B.C., Canada- V7V 1N6)

Tailings are discharged from a copper-molyb-
denum mine (40,000 tons day ~) into Rupert
Inlet at the northwest end of Vancouver Island,
and from a zinec-lead mine(1l,500 tons day‘l)
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irito Agfardlikavs® £jord on the central west
coast of Greenland. Various residual metals,
e.g. copper, zinc, cadmium, lead and molyb-
denum, are present in the-tailings from both
mines. Strong tidal currents through
Quatsino Narrows cause intensive turbulence
and upwelling with resuspension of the mine
tailings at the entrance to Rupert Inlet.

The intensity of r ion of the tailing
is related to tidal range, freshwater runoff,
and the density of inflowing seawater.
Release of metals from these tailings into the
seawater appears to be minimal, and uptake by
marine organisms has not been significant.

On the other hand, metals have leached
markedly -from the tailings in Agfardlikavs®
fjord. Lead concentration, for example, has
increased to about 1 mg L_i in the bottom
water, or about three orders of magnitude
above the matural background. Metals in the
bottom water are distributed through the water
column with winter turnover, caused by, the
increased demsity of surface water resulting
from freezing. The upward flux of dissolved
metals through turnover of the water column is
further enhanced by the winter intrusion of
dense seawater over the entrance sill of
Agfardlikavsg fjord. As a result of spreading
of dissolved metals into the surface waters of
both Agfardlikavsf and the seaward fjord
Qaumarujuk, there has been a significant up-
take of metals by the marine invertebrates and
eelgrass in this area.
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EVAPORATION COEFFICIENT OF THE SEA.SURFACE
FROM EDDY FLUX MEASUREMENTS

§.D. Smith (Atlantic Oceanograhic Laboratory,
Bedford Institute of Oceanography,
Dartmouth, Nova Scotia, Canada, B2Y 4A2)

R.J. Anderson (Atlantic Oceanographic Labor-
atory)

Eddy correlation measurements of water
vapor, heat and momentum fluxes have been made
at a fixed tower near the water's edge on a
low, sand island. The quantity of evaporation
Zata collected is nearly equal to the total of
similar data in the literature, and extends
the range of conditious to include stable
stratification and downward vapor flux. The
evaporation coefficient

Cg = <0 uz>/[Urglo - <o >)]

has a value of 1.3 x 107 % in neutral conditioms.
The coefficient is found to vary with stabilitx
in accordance vith accepted empirical profile
laws and to increase significantly with
increasing wind speed at this shoal location.
Our values of the Bowen ratio of sensible
to latent heat flux are found to vary widely
with meteorological conditions and do not con-
form to empirical functions of temperature
only as proposed by several authors.
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FOSSIL FUEL CO BUILDUP [N BAFFIN BAY

E.P. Jones (Bedford Institute of Oceanography,
P.0. Box 1006, Dartmouth, Nova Scotia, Canada
B2Y LA2) ’

E.M. Levy (Bedford Institute of Oceanography,
P.0. Box 1006, Dartmouth, Nova Scotia, Canada}

We report changes in the total inorganic carbon
in the water of Baffin Bay which we interpret to
reflect increases in atmospheric carbon dioxide
due to fossil fuel combustion. The changes are
revealed from differences at different depths in
the alkalinity and total inorganic carbon values
which are corrected for calcium carbonate
dissolution and decay of organic matter and are
comparable to the changes reported for GENSECS
Atlantic stations®>? and Pactfic stations®.

From helium-tritium data, the oldest water in
Baffin Bay is Baffin Bay Bottom Water, believed -
to be a few hundred years old. This water is
thus old enough to be not influenced by the
post-industrial atmospheric C0. concentration
build up. Although the precise origin of this
water is uncertain, it is most likely formed
primarily from Atlantic Water possibly coming
from the Arctic Ocean as does the overlying
Deep Water. The intermediate layer above the
Deep Water is also from the Atlantic Ocean,
having entered Baffin Bay through Davis Strait.
The upper layer (about 200 m) is primarily
Atlantic water also, but influenced by runoff.
Thus, because the water at most depths is
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ultimately of Atlantic origin, we believe our
observations at different depths further
document in the ocean the well established
increases in atmospheric C0, concentrations due
to fossil fuel combustion.
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OCCURRENCE OF CARBON MONOXIDE IN
RECENT SEDIMENTS OF LAKE ERIE AND
SOME NEARBY POLLUTED HARBORS

D.D. Adams, N.J. Fendinger and D.M. Parrish
Department of Chemistry, Wright State
University, Dayton, Ohio 45431)

Carbon monoxide was measured in the inter-
stitial water of diver-collected cores from Lake
Erie's central basin, Cleveland Harbor and
Hamilton Harbour (Lake Ontario) during the
spring and summer of 1979. Sediments were pro-
cessed immediately on board ship within a
helium gas filled glove box and stored at 4 OC
in special jars containing degassed salt solu-
tion. Equilibrated head space gases (Ar, Np,
€02, CHq and CO) were analyzed by dual detector
(TCD and FID) gas chromatography. Concentra-
tions of CO with depth in the sediments (from
2 to 93 cm) ranged from 1 nmole (0.022 m1) to
49 nmole (1.1 m1) per liter of interstitial
water for 55 sediment samples. Two cores from
Hamilton Harbour had values from 2 to 21 nmoles
per liter and a Cleveland Harbor core provided
similar concentrations (5-15 nmoles/1). At one
station in Lake Erie's central basin, average
€0 values in the surface 30 cm were depleted
by about half (from 5.7 to 2.6 nmoles/1) between
July and August, probably due to methane pro-
duction. Carbon monoxide escaping from the
sediments as bubbles, for a nearby station in
July, measured 38 ppm. The major gases col-
Tected above the sediment surface were methane
and nitrogen. Present studies in our labora-
tory indicate that CO is produced in sediments
stored in the dark at 4 OC, suggesting that
such bacterial processes occur during winter
conditions when methane production is minimal.

Arctic Geophysics and
Oceanography: Lorex
and Fram|

Metropolitan West

Tuesday A.M.

J. R. Weber (Energy, Mines
and Resources), Presiding
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LOREX 79. INTRODUCTION

J. R. Weber (Farth Physics Branch, Energy,
Mines & Resources, Ottawa, Canada K1A 0Y3)

In the spring of 1979 the Earth Physics Branch
in cooperation with the Polar Continental Shelf
Project coordinated a multidisciplinary geo—
physical and oceanographic polar expedition to
investigate the nature and origin of the Lom-—
onosov Ridge (LOREX 79). While a main camp and
two satellite camps were transported by the
Transpolar Current across the ridge from the
Amerasia Basin to the Eurasia Basin over a 2 -
month period, the following studies were con-—
ducted by 38 government and university
scientists and technicians: astro and satellite
navigation; bathymetry; gravity; shallow,
intermediate and deep seismic; heat flow; mag-~
netovariational and magnetotelluric measure-
ments; aeromagnetics; coring and dredging; sea—
floor photography; CTD, sound velocity and
current measurements to 2000 m; bottom current
measurements; chemical analysis of the water
column; acoustic studies between LOREX and
FRAM 1. Preliminary results from sediment
cores and dredged rock samples indicate that in
Cretaceous time the Lomonosov Ridge was part of
the Barents continental shelf. It is theor-
ized that it was rafted to its present position
by the seafloor spreading process. The re-
sults of some of the investigations suggest
that the ridge is composed of continental rock,
others seem to indicate that the bulk of the
rocks are oceanic thus implying that another
tectonic process may have taken place prior to

the onset of the spreading process. Concurrent—
1y with LOREX the U.S. - sponsored multi-
disciplinary project FRAM 1 was operating

north of the N.E. coast of Greenland. The
purpose of this session is to snythesize all
aspects of the various studies as they apply

to Arctic Ocean structures and their origins

as well as to the dynamics of the water-

masses of both the North Polar region and

the Eastern Arctic Basir.
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SURFICIAL GEOLOGY AND GEOMORPHOLOGY OF THE
LOMONOSOV RIDGE

S.M. Blasco (Geological Survey of Canada, Bed-
ford Institute of Oceanography, Dartmouth,
Nova Scotia B2Y 4A2)

C.F.M. Lewis (Nova Scotia B2Y 4A2)

B.D. Bornhold (British Columbia V8L 4B2)

High resolution reflection seismic and
bathymetric profiling, sediment sampling and
seabed photography were conducted from ice
station LOREX in April and May of 1979, as the
ice floe drifted over the Lomonosov Ridge close
to the north geographic pole. A continuous
3KHz, bathymetric-subbottom profile reveals a
ridge relief of 2,800 m, the cfest rising to
within 1,400 m of sea surface. Assymetric in
shape, the Amerasian flank has slopes as steep
as 129, but the Eurasian flank slopes do not
exceed 7° along the drift path. The continuous
shallow seismic reflection profiles indicate
the ridge consists of en echelon fault blocks
that give the crest an irregular morphology.
Less than 75 m of stratified, unconsolidated
sediment, primarily associated with the fault-
block tops, appears to have been deposited on
the ridge crest prior to faulting. Seabed
photographs show these sediments to be under-
going erosion by current scour. The presence
of neritic dinoflagellate Luxidinium propalulum
in reworked seabed material taken from the top
of a core recovered from the ridge crest
indicates that these sediments may be mid-
Cretaceous in age. This suggests that faulting
(and separation from the Barents Continental
Shelf?) was possibly initiated no earlier than
mid-Cretaceous. More than 1,100 m of
stratified, unconsolidated sediments infill the
Makaron and Fram basins directly adjacent to
the ridge. These flat-lying sediments
unconformably abut against the ridge flanks.
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STRUCTURES OF THE ARCTIC OCEAN
J.A. MAIR (EARTH PHYSICS BRANCH, EMR
OTTAWA, ONTARIO, K1A 0Y3)

The Fram, Makarov and Canada Basins of
the Arctic Ocean have distinctly different
crustal structures suggesting that they were
formed at various times by different spreading
mechanisms. The Canada Basin, characterized
by a 2 to 4 km thick sedimentary layer and a
distinct oceanic layer 3B of 7.7 km/s, has the
thickest crust and is probably the oldest of
the three basins., It may have formed by back-
arc spreading during the early Cretaceous.

The crust of the Makarov Basin has a thin
sedimentary layer of less than 1 km and is
only 8 to 9 km in total thickness. The crust
of the Fram Basin has a similarly thin sed-
imentary layer but is 3 to 4 km thicker over-
all than the Makarov Basin. These latter
measurements were taken in an area very near
the North Pole, separated by a thin section
of the Lomonosov Ridge. The Ridge, in this
area, appears to be composed of mainly oceanic
rocks, however, a thin veneer of continental
crust overlying this root material may be
present. The Makarov Basin may be the

result of back-arc spreading during early
Tertiary, with the Alpha-Ridge as the, now
foundered, island-arc. The Fram Basin
probably began to open, contemporaneously
with Baffin Day, about 70 my ago, by
spreading of the Nansen-Gakkel Ridge. The
Lomonosov Ridge emerges from this scenario

as a very long-lived feature in spite of

its great length and slim profile, firstly

as a strike-slip shear zone, 150-120 my ago,
secondly as a part of the European continen-
tal shelf from which the Alpha Ridge migrated
60-40 my: ago and finally as a fragment of

the European shelf, rifted from it by the
opening of the Nansen-Gakkel Ridge.
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MONITORING OF MICROEARTHQUAKE ACTIVITY ON
THE NANSEN RIDGE FRGM ICE .STATION FRAM-I
IN THE ARCTIC OCEAN.

Y. Kristoffersen Norw. Polar Res. Inst.
Oslo, Norwa
E. Husebye NORSAR, Kjeller Norway

An array of sonobuoys was operated for 6
weeks on adjacent ice floes as the ice sta-
tion FRAM-I drifted southward from the Pole
Abyssal Plain onto the western flank of the
Nansen Ridge. The array geometry was cheked
by a transponder navigation system.

A significant microearthquake activity with
1-2 events pr. hour was recorded as the
array came within about 30 km. of the act-
ive spreading center. Most of the recorded
events are located on a portion of the
Nansen Ridge where very few teleseismic
events have been observed over the past two
decades. The locus of the microearthquake
activity correspond with the eastern side
of the axial rift as determined by spot
depth measurements and the axial magnetic
anomaly from the NARL aeromagnetic survey.
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INTERMEDIATE REFLECTION PROFILES

A. Overton, (Geological Survey of Canada,
Ottawa, Canada KIA QE8)

J.R. Weber, (C.G.U.) (Sponsor)

Seismic reflection profiling of the sedimen-
tary column and basement structures was conducted
along the drift path of ice station Lorex during
April and May, 1979. This work was part of a
multidisciplinary program to gain knowledge of
the nature and origin of the 1ittle studied
Lomenosov Ridge, the major submarine ridge which
divides the Arctic Ocean basin. The drift path -
extended from the Makarov basin, across the
Lomonosov Ridge, and into the Fram basin in the
vicinity of the North Geographic Pole. More than
200 high quality seismic reflection records and
digitally recorded magnetic tapes were taken at
regular time intervals along the drift path. A
cross shaped array was used with explosive sources
at the centre so that reflections can be analysed
in terms of dip angle, depth, and position.
Estimates of seismic velocities may also be
obtained for selected reflections which originate
from both sedimentary Tayers and basement fea-
tures. No reflections are observed from within
the ridge. Digital processing of the magnetic
tapes may extract depths to the Mohorovicic
Discontinuity in detail along the drift path.

CRUSTAL REFRACTION AND SEISMIC
REFLECTION RESULTS FROM FRAM 1

H.R. Jackson (Bedford Institute of Oceanography,
Atlantic Geoscience Centre, Box 1006, Dartmouth,
Nova Scotia, Canada B2Y 4A2)

1. Reid (Dalhousie University, Halifax, Nova
Scotia, Canada)

Nine refraction lines in split configuration
were located at distances up to 110 km from the
Mid-Arctic Ridge. On lines parallel to the ridge
shallow and slow mantle velocities were measured.
A crustal thickness of only 3 km is defined. On
lines perpendicular to the ridge higher mantle
velocities suggest anisotropy. Shear wave con—
versions of compressional mantle arrivals occur
at the sediment basement interface:. The reflec-
tion line that crosses the refraction lines
where the ocean bottom seismometer was launched
shows outcropping basement when P-S conversions
are not recorded. From sediment thicknesses
measured on-the reflection record and P to S
delay times on the horizontal geophone, P to §
ratios of 4.6 were calculated for oceanic sedi-
ments up to 1.5 seconds thick. Sedimentation
rates of 10 cm/1000 years were estimated using
magnetic anomaly identification. The proximity
to the Greenland shelf may explain the high
sedimentation rates.
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LOREX GRAVITY: IMPLICATIONS FOR LOMONOSOV
RIDGE COMPOSITION AND COMPENSATION

J. F. Sweeney

J. R. Weber

D. W. Halliday (all at: Earth Physics Branch,
Dept. of Energy, Mines and Resources, Ottawa,
Canada K1A 0Y3)

In the vicinity of the North Pole the Lomon—
osov Ridge is characterized by a linear free—
air gravity high that ranges between 60 and 85
mGal. Flanking lows of up to -50 mGal are
centered along the base of the ridge in the
Fram and Makarov basins respectively. The
gravity minimum in the former basin is gen-—
erally 10 to 15 mGal less negative than that
in the latter, and suggests that isostatic
compensation for ridge topography is more pro-
nounced toward the Makarov Basin. Gravity
model calculatidéns indicate an average density
not greater than about 2.45 g/cm3 for material
comprising the ridge. The combination of the
average rock density with seismic P-wave vel-
ocity (2 4.7 km/s) determined for the ridge is
not typical of oceanic type rocks. This and
the near absence of low -~ demsity unconsolidat-
ed sediment on the ridge suggests that in the
area studied, the Lomonosov Ridge may be
composed largely of low-porosity rocks of sed-
imentary origin.
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BATHYMETRY AND TECTONIC STRUCTURE OF THE
LOMONOSOV RIDGE BASED ON GRAVITY AND PLUMB-
LINE DEFLECTION OBSERVATIONS

J. R. Weber, J. F. Sweepey and D. W. Halliday
(Earth Physics Braunch, Energy, Mines and
Resources, Ottawa, Canada K1A 0Y3)

Some 320 individual depth soundings and
gravity measurements and some 750 line kilo-
metres of echo soundings and gravity recordings
from the LOREX 79 and from the 1967 and 1969
Dominion Observatory North Pole Expedition have
been analyzed. From the depth soundings a 100 m
contour map of the Lomonosov Ridge has been
compiled. The map extends from the Marvin Sea—
mounts in the Makarov Basin (basin depth
3940 m) across the ridge (minimum depth 951 m)
into the North Polar region (depth 4250 m)
of the Fram Basin and covers an area of about
40,000 km?. The survey shows that the ridge
crest is located between 15 and 25 km further
south than had been previously assumed. Based
on three gravity observations established a-
cross the Lomonosov Ridge and on one plumbline
deflection determination made near the North
Pole in 1969 a 2-dimensional model for the
Lomonosov Ridge was postulated consisting of a
structure of continental rocks, 130 km wide
and 27 km deep, imbedded in an oceanic crust.
On LOREX five additional plumbline deflection
measurements were carried out across the ridge
ranging in magnitude from 5 to 16 arc seconds
and pointing towards or away from the ridge
axis depending on the distance from it. Both,
these plumbline deflection measurements and the
detailed LOREX gravity data, fit the 1969
model remarkably well. The model has been re-
fined to take into account LOREX data on bath-
ymetry and on seismically determined sedimentary
and crustal thickness, but basically our inter-
pretation has not changed, namely, that the
Lomonosov Ridge is a structure of continental
origin.
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MAGNETOVARTATIONAL AND MAGNETOTELLURIC STUDIES
OVER THE LOMONOSOV RIDGE AND THE MAKAROV AND
FRAM BASINS OF THE ARCTIC OCEAN: OPERATION
LOREX ’

P.A. Camfield

R.D. Rurtz

M.J. Drury

E.R. Niblett (all at: Earth Physics Branch,
Energy, Mines and Resources Canada, Ottawa,
Canada K1A 0Y3)

Magnetovariational and magnetotelluric fields
were digitally recorded over the period range
30-8000s at three ice stations which drifted
across the Lomonosov Ridge near the north pole
in April and May 1979. Geomagnetic variations
from polar cap source currents provided con-
tinuous moderate-level sounding signals with
energy well distributed with period. Such

signals are ideally suited to the statistical
nature of power-spectral processing methods.
Vertical-field response arrows from transfer
functions in the perlod bands 5, 10, 30 and 60
min generally point away from the Ridge axis,
showing the flow of electrie currents in the
sea to be parallel to the Ridge in the adjacent
deep Basins rather than in the (resistive)
Ridge itself. Preliminary magnetotelluric
analysils in the range 150-5000s yields steeply-
rising parallel log pp - log T curves, with
apparent resistivities over the Ridge greater
by factors of 3-5 than the resistivities over
the Basins. Two-layer interpretations suggest
the presence of up to a kilometer of highly-
conductive sediments in the Basins. On the
Ridge, such sediments are apparently absent,

in accord with the results from marine geology.
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AEROMAGNETIC RECONNAISSANCE: LOREX PROJECT

Peter Hood (Geological Survey of Canada, Ottawa)
Margaret Bower

An aeromagnetic reconnaissance of the Lomonosov
Ridge has been carried out as a contribution to
the LOREX project. The Convair 580 aircraft of
the National Aeronautical Establishment was
utilized to fly a series of 1ines along approxi-
mately 500 km of the Lomonosov Ridge and ortho-
gonally to it at a height of 300 m. The air-
craft was equipped with ASQ-501 cesium magneto-
meters in wingtip pods and a GSC self-orienting
cesium magnetometer was mounted high in the tail
section of the aircraft.

Although the correlation between the anomalies
on the flight lines is not conclusive, a zone of
anomalies in excess of 1000 gammas appears to
strike parallel to the ridge crest. The calcu-
lated magnetizations of the causative bodies
producing the anomalies correspond to those nor-
mally associated with basic rocks such as oceanic
basalt. On the southern flank of the Lomonosov
Ridge, a series of U-shaped anomalies are remin-
iscent of those due to a graben-1ike feature
such as have been observed in the Melville Bay
area of NW Greenland and elsewhere., Thus the
aeromagnetic results appear to indicate that the
Lomonosov Ridge is composed of igneous rather
than sedimentary rocks or at least has had a con-
siderable amount of associated igneous activity
during its recent geological past. If the
tomonosov Ridge is indeed composed of basaltic
rocks, it appears likely because of its parallel-
ism with the Nansen Ridge over a distance of
1600 km that its formation is the result of a sea-
floor spreading process and it is possibly a
dormant spreading ridge.
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TECTONIC IMPLICATIONS FROM THE WEST-ARCTIC
OCEAN BASIN AEROMAGNETIC SURVEYS

P.T. Taylor {Geophysics Branch, NASA Goddard
Space F1ight Center, Greenbelt, MD 20771)

P.R. Vogt

L.C. Kovacs (both at: NRL, Washington, DC 20375)

G.L. Johnson {Arctic Program, ONR, Arlington, VA

Tezeily

Over 42,000 line-kilometers of low level (152m)
aeromagnetic data were recorded by the U.S. Navy
during three field seasons; these data cover a
swath from the north slope of Alaska to the north
geographic pole. Flight lines were spaced between
10 to 20 km. The east-west oriented aeromagnetic
profiles across the Canada Basin-Beaufort Sea
suggest that Alaska was moving away from the
Queen Elizabeth Islands of the Canadian Arctic
from 153 mybp (anomaly M-25 time) to 141 mybp
(M-19), at an opening rate of 4.6 cm/yr. An
extinct spreading center is defined by a positive
free-air gravity anomaly, with the relic spreading
axis generally paralleling the 150%W meridian.

We are unable to recognize a coherent pattern of
lineated anomalies over the Alpha Ridge; there-
fore, its origin remains uncertain. A serfies of
sea-floor spreading anomalies have been mapped

in the Fletcher (Makarov) Basin. Spreading began
in the Upper Cretaceous (anomaly 34; 80 mybp) and
continued until mid-Eocene (anomaly 19; 47 mybp);
total opening rate was about 1.5 cm/yr. During
the opening of the Fletcher Basin, rifting began
in Baffin Bay and the Norwegian and Labrador

Seas and Eurasian Basin. Our results suggest a
tectonic coupling between these areas with the
Nares Strait functioning as a triple junction.
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HEAT FLOW MEASUREMENTS IN THE VICINITY
OF THE NORTH POLE.

Alan Judge (EBarth Physics Branch;
Energy, Mines and Resources Canada,
Ottawa, Canada K1A 0Y3)

Vic Allen

During Lorex-79 a total of 42 gradiometer
penetrations of sea-bottom sediments were
completed; 22 in the Makarov Basin, 10 on
the Lomonosov Ridge and 10 in the Fram
Basin. A'new light-weight digital
recording Bullard-style thermal gradiometer
with 7 thermistor sensors spaced at 40 cm
intervals commonly gave sediment penetra-
tions of 3 m using 45 kilos of lead weight
in water depths to 4200 m. Using a needle
probe over 300 conductivity measurements
were completed on 21 cores. Bottom water
temperatures and water temperature profiles
were collected both over the ridge and the
two adjacent basins. Temperature
gradients in the sediments varied from

59 to 69 mKml in the Makarov Basin, 40

to 60 on the Ridge flanks and crest and
from 75 to 90 in the Fram Basin.
Preliminary heat flows over the ridge

and Basin, similar to the very few
previous results reported from the region,
provide some important constraints for

the origin and nature of the Lomonosov
Ridge.
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UTILIZATION OF PASSIVE MICROWAVE FOR ICE
DYNAMICS STUDIES IN THE BEAUFORT SEA AREA

V. Neralla, Atmospheric Environment Service
4905 Dufferin Street, Downsview, Ont. M3H 574

R.0. Ramseier, Atmospheric Enviromment Service
4905 Dufferin Street; Downsview, Ont. M3H 5T4

A simple procedure to calculate the concen~
tration of sea ice over a given area is dis-
cussed, The model consists of a momentum
equation, continuity equation for concentration
and a constitutive law. The momentum equation
incorporates air to ice stress, water to ice
stress, Coriolis force and internal ice resist-—
ance. Since our interest is in the short-range,
small scale prediction, as a first step, we
have neglected sources and sinks terms in the
continuity equation for concentration, A
constitutive law based on a linear viscous
theology with both shear and bulk-viscosities
is used in the model. These viscosities have
been treated as functions of concentration.

Electrically Scanning Microwave Radiometer
(ESMR) and Scanning Multichannel Microwave
Radiometer (SMMR) data have been used for
testing the model, The surface winds are
obtained from an available regional model,

This study demonstrates the use of ESMR and
SMMR data for sea ice dynamics studies.
Applications of this data for real time sea ice
forecasting activities have also been
discussed.
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A NUMERICAL INVESTIGATION OF A VARIABLE THICK-
NESS SEA ICE MODEL

W.D. Hibler, ITII (USA Cold Regions Research and
Engineering Laboratory, Hanover, NH 03755)

A numerical investigation of a variable
thickness model of the Arctic ice cover is
carried out. The model consists of an ice
thickness distribution {similar to that de-
veloped by Thorndike et al. 1975) coupled to a
viscous plastic constitutive law. Open water
creation due to shear and redistribution of ice
due to deformation are included. The numerical
scheme is formuwlated in a fixed Eulerian grid
with advection terms explicitly included. In
the thickness distribution code an arbitrary
number of irregularly spaced thickness levels
are allowed.

To examine the behavior of this model a multi-
level seasonal simulation over several annual
cycles is carried out for the Arctic basin. In
this experiment a redistribution function con-
sistent with observed and hypothesized physics
of the ridging process is used. Yor ice growth
and decay a time independent thermodynamic model
together with a fixed depth mixed layer is used.
Input fields consist of climatological foreing
for the heat budget computations together with
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time varying observed winds over a one year
period. The results are analyzed to determine
the agreement with observed thickness and drift
characteristics and to determine the relative
contributions of dynamics and thermodynamics. .Of
particular interest is the nature of the marginal
sea ice zone in summer and the nature of ridg~
ing off the Canadian Archipelago.
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MODELLING THE AIR-ICE-OCEAN INTERAC-
TION: THE EQUILIBRIUM SOLUTION

H. S. Gaskill, {Dept. of Mathematics
and Statistics, Memorial Univer-—
sity of Newfoundland, St. John' s,
Nfld, AlB 3X7)

R. J. Lopez, (Dept. of Mathematics
and Statistics, Memorial University,
St. John's, Nfld., AlB 3X7)

Gordon Swaters, (C-CORE, Memorial
University of Newfoundland, St.
John's Nfld., Alb 3X7)

We consider the problem of mo-
mentum transfer from a moving air
mass to an ice cover to an under-
lying ocean. Several descriptions
of the air column are employed in-
volving driving forces based on geo-
strophic and ten meter winds. Linear
and quadratic stress laws are employed
to describe the air-ice and ice—ocean
driving mechanisms. Several descrip-
tions of the water column are used to
study the effects of currents on the
equilibrium ice velocity. Sensitivity
studies for the various models will
be discussed.

Arctic Geophysics and
Oceanography: Lorex -
and Fram |

Metropolitan West

Tuesday P.M.~

J. R. Weber (Energy, Mines &
Resources), Presiding
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RESULTS OF A LEAD DRIVEN CONVECTIVE MODEL FOR
ARCTIC MIXED LAYER CIRCULATION

T. L. Kozo (Polar Science Center, University
of Washington, Seattle, Washington 98105)

A numerical, unonlinear, time-dependent
two—-dimensional convective model has becn for-
mulated using typical measured ambient condit
as initial input to uncover the dominant physi-
cal factors and simulate experimentally obtained
circulation characteristics under a refreezing
lead.

For temperatures found in the Arctic Ocean
mixed layer during cooling of surface waters in
a lead, convection is primarily salinity-con-
trolled since brine is continuously expelled
from newly forming ice.

The model output for a specified surfacce
salinlty Injection functlon (0 grostrophic
current) results in horizontal current veloci-
ties of .05 m/seec, eddy diffusivities of .01 m?/
sec, density fluxes of 4 x 10~° kg/m2-sec and a
subsequent increase in the depth of the mixed
layer. The.circulation cells are symmetric
with respect to the lead boundaries.

Imposition of a constant geostrophic cur-
rent shows a resultant circulation cell
asymmetry associated with increased salt advec-
tion in a forced convective regime.

S
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THE INADEQUACY OF THE DYNAMIC METHOD IN THE
ARCTIC OCEAN

P. Grefsman (U.S. Coast Guard R & D Center,
Avery Point, Groton, CT. 06340)

The dynamic method by which deep sea
currents are computed utilizes the horizontal

density gradient to determine the vertical
current shear which is then integrated in the
vertical. Even if the flow meets all the
restrictions imposed by the geostrophic approx-
imations, the dynamic method may still fail
due to an additional constraint imposed by
baroclinic instability of the flow. Such in-
stabilities occur when the vertical current
shear exceeds a critical value specified by
the product of the square of the internal
Rossby radius of deformation and the horiz-
ontal gradient of the planetary vorticity

34
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The maximum sustainable steady state shear

is Timited by this criterion. In the Arctic
the topographic component nearly always
dominates and the values for AU, range
from 70 cm/sec over the continental slopes to
less than 1 cm/sec over the abyssal plain.
The relatively weak stratifications found

in most regions of the Arctic Ocean is the

.~ main cause of this Timitation.

This criterion may explain why direct
measurements in diverse locations in the
Avctic usually reveal considerably stronger

“currents than dynamic computations indicate.
In regions of weak stratification, therefore,
direct current measurements are absolutely
essential to determine the important depth-
independent (barotropic) component of flow,
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ANOMALOUS BEHNAVIOR OF THE PACIFIC T-MAX
IN THE BEAUFORT SEA AS OBSERVED DURING
THE 1975-76 AIDJEX EXPERIMENT

T.0.Manley (Lamont-Doherty Geological
Observatory of Columbia University,
Palisades, N. Y. 10964)

During the 1975-76 Arctic Ice Dynamics
Joint Experiment (AIDJEX), a total of
1391 continuous STD profiles to 750 m
were taken at four drifting manned camps
in the Beaufort Sea, over a year long
period.

One of the more pronounced features
observed in the upper 100 m of the water
column was the characteristic tempera-
ture-maximum between 50 and 100 m, Ob-
served temperature deviations were warm-
er by 0.350C in the central part of the
Beaufort Sea as compared with the large
scale mean calculated by Coachman and
Aagaard., The horizontal scale of this
feature is on the order of 10000 km<.The
AIDJEX data provides a 3-dimensional
view of this core layer from the center
of the Beaufort Sea to the eastern_part
of the Alaskan slope, some 2000 km“.
From the center of the Beaufort Sea to
the Alaskan shelf, the core cools by
0.47°C and deepens by 30 m.

The reason for the large difference in
heat content of this layer maybe due to
an anomalously large area of open water
in the Chukchi Sea, extending as far as
75N during the summer of 1974. This re-—
presents an increase of almost twice the
normal ice free zone observed in, the
years 1975 and 1976. The lag between
this event and the observed T-max anom—
aly is less than 9 months.
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OCEANOGRAPHIC MEASUREMENTS AT THE FRAM I
ICE STATION

K.L.Hunkins,Lamont-Doherty Geological
Observatory of Columbia University,
Palisades,N.Y. 10964

T.0.Manley,same address as above

The first extensive series of contin-
uous high-resolution profiles of tem-
perature and salinity in the Fram Basin
were taken daily to a depth of 700 m
northeast of Greenland from FRAM I as
it drifted along a track 150 km in
length between Mar. 29 and May 6, 1979.
These profiles are compared and con-
trasted with an extensive set of pro-
files taken from the AIDJEX Big Bear
camp in the Canada Basin during April
1975. A cold low-salinity surface lay-
er appears in both data sets which is
relatively constant in salinity (30.5%)
and depth (50 m) in ‘the Canada Basin.
During the FRAM I drift the mixed layer
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varied from 50 m to zero in depth and
from 31.5 to 32.5% in salinity as a
frontal zone about 10 km wide was
crossed. The Pacific Water of the Can-
ada Basin with its temperature maximum
is replaced by a temperature minimum at
75 m or a steady increase in temperature
with depth at FRAM I. ngorous baro-
clinic eddies are found in the 50-300 m
depth range in the Canada Basin but none
were observed from FRAM I. The Atlantic
Water core has the same temperature at
both locations (v 0.4°C) but is 500 m _
deep in the Canada Basin compared with
400 m in the Fram Basin. However, the
Fram Basin Atlantic Water is marked by
abundant fine structure with depth
scales of ~ 10 m while in the Canada
Basin, the Atlantic temperature maximum
has a smooth parabaloidal shape. These
observations suggest a greater vertical
heat exchange in the Fram Basin.
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PHYSICAL OCEANOGRAPHY IN THE CENTRAL ARCTIC

E.R. Pounder (Marine Sciences Centre, McGill

University, Montreal, Que. H3A 278)

As part of LOREX 79, ice station ICEMAN was
established April 4, 1979 at 88°41'N, 175°43'E
and operated to May 28, 1979 (89°52.3'N,
48°26'W). During the first few days of the
drift ICEMAN passed over the Lomonosov Ridge,
recording a minimum depth of 956 m. Ocean-
ographic measurements were made daily for 40
days. Each day a profile of current, conduct-
ivity, temperature and depth was made to a
maximum depth of 1400 m using an RCM-4 Aanderaa
current meter. CTD readings were continuous
but the meter had to be stopped to give
correct current readings so that current
profiles were only sampled, if frequently.
Each run took about 8 hours. In addition,
another Aanderaa meter was moored at 5 m and
sampled currents every 10 minutes throughout
the experiment and an Inter-Ocean current meter
moored at 40 m was used for frequent time-
series readings. Current directions are un-
certain to about + 20°. Direction was sensed
with a compass, the directing field is small
and the magnetic variation near the pole is
uncertain and rapidly changing. Some good
calibrations on var{ation were obtained from
sun shots but there was a long period of
overcast in the middle of the experiment.

Currents were generally small, often below
the effective threshold of 3 cm s-1. On the
average they were directed toward the Ridge
from the Atlantic side. On the assumption
(very uncertain) of temporal and spatial
invariance of currents, an estimate is made
of the volume transport across the Ridge in
the vicinity of the Horth Pole.
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OCEANIC HEAT FLUX AT FRAM I INFERRED FROM ICE
GROWTH AND TEMPERATURE GRADIENTS

Miles G, McPhee (USACRREL, Banover, N.H. 03755)
Norbert Untersteiner (Univ. of Washington, Seattle,
WA 08195)

While the fate of heat advected into the Arctic
Basin by inflowing Atlantic Water is not well
understood, it is thought to have an important
impact both on the total climatic -emergy budget
of the region and, more particularly, om the
thickness characteristics of sea ice. Indications
are that the basin-wide, average upward heat flux
is of order 1 to several Wm—z, but little is known
of either its spatial or temporal variability.

It was speculated that the oceanic heat flux at
Fram I might be more intense than the basin-wide
average because of its proximity to the Atlantic
inflow through Fram Strait; thus a simple experi-
ment was performed in which temperature profiles
and ice growth were measured in young ice using
in situ thickness gauges and thermocouple strings.
Over the experiment the ice grew about 40 cm from
an initial thickness of 50 cm. Given the thermal
conductivity and heat of fusion in ice of known
salinity, the imbalance of upward conduction and
heat released by freezing provides an estimate of
heat flux from below. Consideration of our .
measurements, and the errors associated with them,
implies that the absolute value of oceanic heat
flux was less than 2 Wan~2 during Fram I (i.e.
from 5 Apr 1979 to 9 May 1979 in the vicinity of
84°30'N, 8°W). This was consistent with measure-
ments of salinity and temperature in the upper
ocean which showed the water to be near its
freezing point well into the steep pycnocline.
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MOORED CURRENT MEASUREMENTS OVER THE
LOMONOSOV RIDGE

Knut Aagaard (Dept. of Oceanography, Univ. of
Wash. 98195)

During the LOREX two current meters were
moored near the crest of the Lomonosov Ridge
in water 1440 m deep and two on the lower
Furasian flank in 3565 m of water. In each
case one instrument stood 25 m above the
bottom and the other 200 m. The two instru-
ments on the crest and the upper one on the
flank recorded satisfactorily, while tape-
reading problems at present prevent reporting
on the fourth instrument.

Speeds in the abyss were extremely low,
reaching a maximum of 3.8 cm sec—l, with a
vector mean velocity of 0.4 cm sec™! roward
northeast, i.e., approximately along the
isobaths. Currents over the crest were
considerably higher, reaching 12.2 cm sec™
in the case of the near-bottom instrument,
and were in fact strongest near the bottom.
The flow over the crest was characterized by a
series of pulses of variable strength and
time scale, but with a component directed
toward the Canadian Basin. These pulses
probably represent overflow across the ridge
of deep~water from the Eurasian Basin destined
to sink adiabatically and fill the Canadian
Basin abyss.

1
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ACQUSTIC WAVE PROPAGATION

H.W.Kutschale ({(Lamont-Doherty Geological
Observatory of Columbia University,
Palisades, N. Y. 10964)

B.Allen and C.Monjo {same address}

The FRAM I-LOREX acoustic experiment
was highly successful, providing high-
quality acoustic data in a portion of
the Arctic Ocean previously inaccessible
to scientists from the U, S. The exper-
iments involved long-range propagation
from explosive sources over a 750 km por-
tion of the Eurasian Basin, as well as
measurements of ambient noise. Record-
ing at both sites was done continuously
for several weeks over the band 1 to 150
Hz to monitor seismic activity origina-
ting on the Nansen Ridge. Numerous
earthquakes were recorded from hydro-
phones and geophones. About two dozen
shots and several earthquakes were ana-
lyzed on a sound spectrograph to separ-
ate the normal modes of propagation of
the explosive signals and to character-
ize the spectral character of P and 8§
waves from earthquakes. P and S waves
from earthquakes recorded at Iceman, 300
to 1000 km from the Nansen Ridge, may
provide a sensitive tool for measuring
crustal and upper mantle structure. The
main thrust of data analysis has been to
provide input for the TRISTEN acoustic
experiment at FRAM II. Excellent agree-
ment was obtained between measured SOFAR
signals and signals computed from the
FFP and PE pulse computer codes., The
present measurements, combined with
measurements obtained over a twenty-year
interval in the Amerasian Basin, indi-
cate that pulse compression will be a-
chieved in most areas of the Arctic
channel by transmitting time reversed
waveforms corresponding to the first
normal ‘mode.
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ARCTIC OCEAN HYDROGRAPHIC FEATURES AND TRACE
ELEMENT DISTRIBUTIONS AT LOREX SATELLITE CAMP 1

R. M. Moore (Dept. of Oceanography, Dalhousie
University, Halifax, N.S., B3H 401)
(sponsor: A. J. Bowen)

The hydrography at LOREX Satellite Camp 1 in
the central Arctic Ocean, occupied during April
and May 1979, is presented. Nutrient data
suggest the existence of a deep water flow from
the Canadian Basin into the Eurasian Basin over
the Lomonosov Ridge.

Profiles of trace metals are shown and their
relationship with the stratification and biologi-
cal activity of the Arctic Ocean described.
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CARBONATE CHEMISTRY IN THE
CENTRAL ARCTIC OCEAN

Malcolm G. Lowings
Department of Oceanography
Dalhousie University
Halifax, Nova Scotia B3H 4J1
Canada

(spm:Lsor: A, J. Bowen)

We report the resulis of pH and alkalinity
measurements made during the Lomonosav Ridge
Experiment (LOREX) in April and May of 1979.
These studies were undertaken from Satellite
Camp One as a part of the overall chemical
oceanographic programme at this location.

Further evidence for a strongly advective
feature at a depth of 90 to 100 n in the
Polar Mixed Layer (PML) is presented, The
presence of an advecting layer is reflected
by the consistently different values of pH
and alkalinity encountered at these depths
during the drift of the satellite camp across
the Lomonosov Ridge. On 3 separate occasions,
markedly lower values of pH were observed in
an approximately 40 m thick layer of water,
centered at the indicated depths. Correlates
in other data from the site and sources for
the advective feature are also discussed.

Calculated values of the partial pressure of
carbon dioxide (pCOy) are presented. This in-
formation is used to describe the saturation
states of water masses in the central Arctic
Ocean. Initial calculations suggest that the
PMI, is saturated with respect to atmospheric
concentrations of carbon dioxide.
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FRAM TRITIUM

H. Gote Ostlund (Rosenstiel School of Marine
and Atmospheric Science, Univ. of Miami,
Miami FL 33149)

The atmospheric testing of thermonuclear de-
vices in the early 60s introduced a label of
tritium in the form of HTO into precipitation
and all surface waters. This tag is a charac-
teristic, but not unique, tritium value for
the runoff which makes an addition to each
yearly "crop" of Arctic waters formed since
1954, The temperature-salinity relationship
in any arctic water mass can thus be used to
deduct the year of formation, by mixing, of a
water mass.

Data on the 'Arctic Water', down to 200 m at
the 1979 FRAM I station indicate a time of
formation of AD 1964 # 1, For the underlying
Atlantic water, we Have not yet been able to
pinpoint a time, but three different age
parcels of that water passed the statlon
during its occupancy. The ice at the station
has most likely frozen from the waters that
still underlaid it at time of occupancy.

0 250
LOREX SATELLITE NAVIGATION

D. Wells (Bedford Institute of Oceanography,
Dartmouth, N.S. B2Y 4A2)
J, Popelar (Earth Physics Branch, Ottawa KIA OE4)

Drift of the three LOREX ice camps was computed
using Transit satellite navigation data. Drifts
of from below 0.03 m/s to over 0.3 m/s were
encountered. First single pass 2D fixes and their
covariance matrices S were computed. To overcome
the problem of poor cross-track coordinates (due
to high satellite elevations characteristic of
high latitude use of Transit), these fixes were
combined and smoothed in three different Ways.

a) a Kalman filter using S to represent the
relative along and cross track fix accuracies;

b) a cubic spline using the trace of S to
represent the accuracy of each fix; and

c) treating each fix as a single line of position
ignoring the cross-track coordinate entirely.

In addition standard multipass, multistation 3D
fix software, modified to incorporate a linear
station drift between passes, was used. Using the
cubic spline, smoothed velocity standard deviat-
jons were below 0.015 m/s about 50% of the time,
and below 0.03 m/s about 80% of the time. The
effect of ice velocity on the 2D fixes was reduced
by iterating the processing once, using smoothed
ice velocities in recomputing the 2D fixes. Most
of the processing was performed on a minicomputer
at the LOREX main camp.
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LOREX ASTRO NAVIGATION AND DEFLECTION OF THE
VERTTCAL MEASUREMENTS

G. W. Johnson (Department of Civil and Mineral
Engineering, University of Minnesota,
Minneapolis, MN 55455)

R. L. Lillestrand

(Sponsdi:: J. R. Weber, CGU)

Astromomic observations and Transit satellite
data have been used to determine several de-
flections of the vertical alomg the drift paths
of the LOREX stations. Results indicate de-
flections up to 15 arc seconds and a change of
magnitude and direction as the Lomonosov Ridge
is approached.

A Wild T-4 and an observing program of 7 to
9 preselected navigational stars were used to
determine a series of astronomic position
fixes., Accuracies of £ 1 to * 2 arc seconds
both in latitude and longitude were obtained.
Transit satellite data were used for defining
geodetic positions along the drift paths. To
obtain maximum accuracy these data were used
as lines of positions (LOP's) rather than as
point fixes.

Individual deflections of the vertical were
obtained by correlating the astro position
fixes with Transit LOP's for the time span
(usually several hours) encompassed by the
fixes, The path of the sea ice drift was not
precisely known between fix times, and it was
necessary to choose segments for which the
path could reasonably be defined.

Sufficient astro and Tramsit data were avail-
able from the experiment to compute five.
deflections of the vertical. Depending on the
position of the stations relative to the ridge,
these values ranged from 5 to 15 arc seconds
with their experimental error estimated at * 2
to * 3 arc seconds.

Pacific Equatorial and
Shelf Dynamics
Metropolitan East

Tuesday P.M.

S. J. Prinsenberg (Canada
Centre for Inland Waters),
Presiding
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THE ORIGIN OF THE PACIFIC EQUATORIAL 13°C WATER

Mizuki Tsuchiya (Scripps Institution of
Oceanography, La Jolla, CA. 92093

Maps have been prepared to show the ocean-wide
distributions of depth, acceleration potential,
salinity, oxygen, phosphate, silica, and nitrate
for the isanosteric surface of 160 ¢1 t-! which
nearly coincides with the core of the equatorial
13°C water in the eastern Pacific. The maps
indicate that the characteristics of the 13°C
water can be acquired in the surface layers of
the Tasman Sea and transferred to the subthermo-
cline layers of the eastern equatorial Pacific
via the anticyclonic subtropical gyre, the
equatorial undercurrent, and the subsurface south
equatorial countercurrent.
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A PACTFTC EQUATORIAL TEMPERATURE SECTTION FROM
172°E TO 110°W DURING WINTER-SPRING 1979

David Halpern (Pacific Marine Envirommental Labor
-atory, 3711 15th Ave. N.E., Seattle, WA 98105)

A composite zonal-depth temperature sectionwas
made along the equator between 172°E to 110°W, a
distance of nearly 8.6x 103 km, by combining tem-
perature profiles recorded at about l-degree in—
terval on 28 February 1979 between 172°E and 158°W
with profiles recorded at 1/4-degree interval from
23 April to 2 May 1979 between 153°W and 110°W.
Coincident with the zonal temperature sectionm,
which combined with salinity data produced dynamic
height anomalies, were moored -current measurements
in the upper ocean at three equator-sites (166°E,
152°W and 110°W). .

The thickness of the mixed layer decreased from
about 100 m near 180% to 10 m near 110°W. The




0 EOS, vol. 61, no. 17, April 22, 1980, page 280

depth of the thermocline was about 125 m near 180°
and approximately 50 m to the east of 120°W. At
166°E the Cromwell Current velocity core depthwas
found near the bottom of the thermocline and at
152°W and 110°W it occurred within the central re-
gion of the thermocline.

The surface dynamic height anomaly relative to
270 db tilted upward toward the west between 172°E
and 120°W, with maximum inclination occurring from
153°W to 133°W. West of 120°W the force of the
westward wind-stress and the eastward pressure
force were about the same magnitude. East of
120°W the zonal gradient of the 0/270 db steric

" sea level was indistinguishdble from a horizontal
surface. East of 132°W the directions of the 270/
400 db pressure force of the zonal wind field were
both westward, indicating that the influence of
the prevailing westward wind-stress was confined
to the region above the thermocline.
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SEA LEVEL VARIATIONS IN THE EASTERN EQUATORIAL
PACIFIC

S.P. Hayes (Pacific Marine Environmental Labor-
atory/NOAA, 3711 15th Ave. NE, Seattle, WA
98105) . .

Pedro_Ripa (Centro de Investagacidén Cientifica
y Esenanza Superior de Ensenada, Ensenada,
BCN, Mexico)

An array of three bottom pressure and temper—
ature guages was deployed on the Galdpagos
Islands in late June 1979 and recovered and re-
deployed in November 1979. Instruments were lo~
cated at latitudes of 1°20'N, 0°, and 1°S along
longitude 91°40'W in mean water depth of 20m.

Low pass filtered pressure time series showed
excursions of "20 mb during the five month de-
ployment record length. The time series were
too short to determine the frequency of the dom—
inant low frequency fluctuations. However,
these fluctuations were coherent over the array.
Superimposed on the large low frequency pressure
variability were small amplitude high frequency,
nontidal oscillations over a spectrum of fre-
quencies. Temperature fluctuations also showed
dominant low frequency variability; however, the
fluctuations were more poorly correlated between
stations than the pressure fluctuatidns.

Pressure and temperature time series were de—
composed into empirical orthcgonal functions in
an attempt to isolate symmetric and antisym-—
metric equatorial trapped modes. Vertical
structure eigenfunctions were calculated from
CTID hydrographic data collected near the equator
at 110°W.

Influence of the island land mass on the east—
ward propagating waves and the equatorial under-
current was investigated in the framework of a
linear theoretical model.
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DEEP JETS AS BQUATORIAL WAVES IN THE
WESTERN PACIFIC OCEAN

C.C. Eriksen (Department of Earth and
Planetary Sciences, Mass. Institute
of Technology, Cambridge, MA 02139)

Vertical profiles .of current and den-
sity made within 5° latitude of the e-
quator along 168°E and 179°E (the vicin-
ity of the Gilbert Islands) reveal mul-
tiple deep current reversals which are
confined to the equator. These current
jets have amplitudes of roughly 5 to 20
cm/sec, vertical scales of order hundreds
of meters, and time scales longer than
the 1 mo. measurement cruise.

WKBJ stretching and scaling, and sub-
sequent spectral analysis of these pro-
files indicates that: 1) meridional
trapping varies roughly as the square
root of the vertical scale; 2) both
east and north currents are coherent
over meridional separations of 0°45?t
within roughly 1°30' of the equator;
and 3) zonal current lags vertical dis-
placement by w/4 in depth within 0°45"
of the equator. Zonal coherence scales
are smaller than the smallest separation
of 3°30' along the equator. Kinetiec en-
ergy decreases near the island chain.

A simple sum of linear free equato-
rial Rossby, Kelvin, and mixed Rossby-
gravity waves can account for the ob-
served equatorial intensification. Ross-
by modes with periods of at least 1 year
must be included; the jets are confined
too broadly to be explained by Kelvin or

mixed Rossby-gravity modes alone. Co-
herences are consistent with downward
flux of Kelvin wave energy. Spectra
also suggest more energy in long than
short Rossby waves.
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OBSERVATIONS OF AN UPWELLING EVENT OFF THE WEST
COAST OF BRITISH COLUMBIA

Howard J. Freeland
Institute of Oceanr Sciences
Sidney, B. C., V8L 4B2, Canada.

An extensive co-operative program to study the
near-shore circulation of the Pacific North West
was initiated in 1979. The project is called
the Coastal Ocean Dynamics Experiment, or CODE.

During the summer of 1979 a water mass of low
temperature, high density and very low oxygen
concentration appeared on the continental shelf
of Vancouver Island and remained through the
months of July and August. The event is an up~
welling event in a general sense, in that the
water is raised up from below the shelf break
before inundating the shelf, but is not a
classical locally-driven upwelling event.

The author will describe observations of the
event and will discuss the possible origins of
the water mass.

0 257

CURRENTS ALONG THE WEST COAST OF VANCOUVER |SLAND

W.R. Crawford

R.E. Thomson

W.S. Huggett (all at: Institute of Ocean Sciences
P.0. Box 6000, Sidney, B.C.
V8L 4B2)

Sea level gauges and current meter arrays have
been moored on the continental shelf and slope of
Vancouver Island since May 1979. During the
summer of 1979, two meteorological buoys were
placed in one of these arrays, located off
Estevan Point. There are five separate moorings
in this array beginning 15 km from Estevan Pt.,
and ending 100 km from shore at the outer edge of
the continental slope.

The Tow passed (half power at 40 hr) alongshore
currents,measured at the two moorings on the
shelf, are coherent with the local alongshore
wind component and with adjusted sea levels at
shore. The average current at 20 m depth from
mid-May to mid-August is southeastward at
10 cm/sec, and decreases in magnitude with
depth. The fluctuating components decrease
in magnitude from peaks of 40 cm/sec near shore
to 15 cm/sec on the mid-slope and 10 cm/sec
at the outer slope.

Adjusted sea levels are similar along the
entire island, but currents measured beyond the
shelf break correlate poorly with these sea
levels. However, alongshore currents on the
continental slope are found to be coherent
over distances of 150 km alongshore.
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THE EFFECT OF A MODERATELY BROAD SUBMARINE
CANYON ON FLOW ALONG THE CONTINENTAL SLOPE

Barbara M. Hickey (Department of Oceanography,
University of Washington, Seattle, WA 98195)

The effect of a moderately broad submarine
canyon (half-width v 20 km) on low~frequency
flow along the continental slope is examined
and compared with available models. Subsurface
taut-wire moorings were deployed for a four-
month period in the head of Quinault Canyon
off the Washington coast, at similar depths
about 30 km south of the canyon axis and on
the adjacent continental shelf. The primary
result is that north-south fluctuations over
and within the canyon are coherent with those
over the region of smooth topography. However,
the amplitude of the fluctuations is a factor
of two smaller over and within the canyon than
in the region of smooth topography, except
near the bottom. These quasi-barotropic fluc—
tuations are coherent with fluctuations over
the shelf and represent the response to driv-
ing by local wind stress. Fluctuations at
depths above the lip of the canyon follow the
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isobaths. This is consistent with the steady
flow result for a canyon whose width is larger
than the internal radius of deformation as in
this case (Allen, 1976). Fluctuations below
the canyon lip have significant cross-isobath
components. Lastly, the California Under-
current (a baroclinic non-local feature whose
signature is mean poleward flow over the upper
slope) is able to follow the curving isobaths
into the submarine canyon.
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RESONANT INTERACTIONS BETWEEN SHELF WAVES,
WITH APPLICATIONS TO THE OREGON SHELF

William W. Hsieh (Dept. of Oceanography,
University of British Columbia, Vancouver,
B.C. V6T 1W5)

Lawrence A. Mysak

Neglecting stratification, friction and
atmospheric forcing, we show that the non-
linear long wave equations allow resonant
interactions to occur between threé contin-
ental shelf waves. Equations governing the
amplitude and the energy of individual waves
in a resonant triad are derived. The non-
linearity allows energy to be transferred
between the waves, but with the total energy
conserved. While the shelf waves typically
have periods of several days, the energy
transfer has a time scale of a few weeks.

We also find evidence of resonant shelf wave
interactions on the Oregon shelf in the
spectral analysis of Cutchin and Smith (1973),
where the three observed peaks at 0.22, 0.40
and 0.65 cpd agree well with the resonant
frequencies deduced from our theory. The
good agreement between theory and observa-
tion suggests that non-linear energy trans—
fer may play a much more significant role in
shelf wave dynamics than was previously
realized.
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SHELF-FJORD EXCHANGE ON THE WEST COAST OF
VANCOUVER TSLAND

D. J. Stucchi (Institute of Ocean Sciences,
Patricia Bay, Sidney, B. C.)
W. H. Bell

Recent current meter observations from both the
inner and outer basins of Alberni Inlet show
major periods of deep water exchange during the
early summer months. Strong density currents on
the sill slope are observed in both basins during
these inflow periods. The periods of exchange
are coincident with the increasing density of the
adjacent continental shelf water. An unusual
feature of the exchange is the reduction in the
dissolved oxygen content of the deep water due
to the low dissolved oxygen (<2 ml/1) of the
intruding shelf water. Synoptic data provide
evidence of major shelf-fjord exchanges occur-
ring above sill depth (100 m).
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SEA-SURFACE TEMPERATURE VARIABILITY OF THE
CALIFORNIA CURRENT SYSTEM

K. C. Vierra (College of Marine Studies,
University of Delaware, Lewes, DE 19958)

C. N. K. Mooers (Dept. of Oceanography, Naval
Postgraduate School, Monterey, CA 93940)

To describe the oceanic variability off the
U.S. West Coast (to 130W), the NMFS's biweek-
ly sea-surface temperature charts were digi-
tized on a one degree grid for seven years,
1972 through 1978. Of course, the overall
mean sea-surface temperature field is in-
dicative of the net advective ,effects of the
California Current and coastal upwelling
The overall standard deviation and the range
of the monthly means are small near the
strongest upwelling center, Cape Mendocino.
Mode 1 of an empirical orthogonal function
(EOF) analysis accounts for 88.2% of the
variance and depicts a strong seasonal cycle
offshore, while nearshore the seasonal varia-—
tion is reduced due to the influence of
coastal upwelling. Mode 2 accounts for 5.0%
of the variance and depicts a meridional var—
iation hinged around Cape Mendocino. There
is good agreement between biweekly averages
of daily coastal station temperatures and
nearshore values from the NMFS charts. The



EOF analysis of the anamalous (departure
from seven-year biweekly means) sea-surface
temperatures indicates an interanmual cycle
which is related to the atmospheric circu-
lation. With Bakun's upwelling indices and
coastal wind data, sea-surface temperature
variations are demonstrated .to be associated
with atmospheric forcing. Hence, patterns
of sea-surface temperature variations are
related to some degree to recognizable pro-
cesses, suggesting some intrinsic predict-
ability to the California Current System.
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INTERLEAVING STRUCTURE IN THE
SHELF-SLOPE WATER FRONT OF THE NEW
YORK BIGHT

R.W. Houghton (Lamont-Doherty
Geological Observatory, Palisades,
New York 10964)

During spring and summexr of 1979
a series of 3 cruises studied the
fine structure (3-30m) interleaving
at the shelf-slope water front in
The New York Bight south of
Nantucket. The objective of this
study is to relate this hydrographlc
structure and mixing processes in
the frontal zone with the distri-
bution and growth and decay of the
phytoplankton population. A
closely spaced (2-3km} array of
CTD stations repeated for several
tidal cycles was used to resolve
the temporal and spacial varia-
bility of the fine structure. The
longshore scale of the intrusive
features was often less than 10km
and at times comparible to the
cross-shelf scale (4-6km). A
mean long-shore_ drift of approxi-
mately 0.05 ms™ - was often inter-
upted by irregular tidal motions
such that cross-shelf motions
become predominate. Calving of
the cold pool was observed and
this contributed to the cross-
shelf structure of the phytoplankton
distribution. Intrusions of warm
salty slope water were observed both
above and below the outer edge of
the cold pool.

Planetology

Venus lonosphere,
Thermosphere and
Composition

Harbour A

Monday A.M.

Richard Hodges (Univ. of
Texas), Presiding

P1

SUPRATHERMAL ELECTRON FLUXES OBSERVED IN THE
VENUS NIGHTSIDE IONOSPHERE

K. Spenner

V. F. Novak (both at: Fraunhofer Institut Fur
Physikalische Messtechnik, Freiburg, West
Germany)

W. C. Knudsen

K. L. Miller {both at: Space Sciences Labora-
tory, Lockheed Palo Alto Research Laboratory,
Palo Alto, CA 94304)

P. F. Michelson (Department of Physics, Stan-
ford University, Stanford, CA 94305

R. C. Whitten (NASA Ames Research Center, Mof-
fet Field; CA 94035)

The suprathermal electron distribution bet-
ween 10 and 40 eV measured by the Pioneer Venus
retarding potential analyzer in the nightside
jonosphere is presented. The observed fluxes
are Tow compared with the dayside fluxes. The
spectrum gives no indication that the nightside
jonosphere is mainly produced by particle pre-

cipitation. Strong variations in the particle
fluxes have not been found which could account
for the strongly variable nightside plasma den-
sity. The observations support the idea pre-
sented by Knudsen et al. that the nightside
ionosphere is mainly maintained by plasma trans-
port from the dayside.
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PIONEER VENUS OBSERVATIONS OF IONOSPHERIC
COMPOSITION AND DYNAMICS

. Taylor, Jr.

. Bauer

. Hartle

. Daniell (all at: NASA/Goddard Space
Fllght Center, Laboratory for Planetary
Atmospheres, Greembelt, MD 20771)

P. A. Cloutier (Rice University, Houston, TX
77001)

?U?Sﬁ:l::ﬁ
oo

Extensive in-situ measurements of the compo-
sition and dynamics of the Venus ionosphere
were obtained from the Bennett ion mass spectro-
meter on the Pioneer Venus orbiter between
December 1978 and August 1979, while periapsis
traversed a complete diurnal cycle. During
quiet periods, an abundant ionosphere was obser-
ved both dayside and nightside, dominated by o*
above v 200 km (except for a predawn region
where H' exceeded 0') and by 0, down to typical
periapsis heights of “160 km. “At an altitude of
200 km the most prominent ions observed were
0", 02*, coz", ¢, N, co” (Nz"), No*, HY, and
He#, with trace amounts of 0++, 0., and H *
Important features of the diurnal variation at
this altitude include (1) sharp decreases in the
concentrations of most ions at the terminators,
and (2) asymmetric nlght51de bulges in the
distributions of H' and He' , with peaks in the
predawn sector. Results on ionospheric dynamics
include observations of three related plasma
regimes, including (1)} the bowshock-ionosheath
region,. (2) the thermal ionosphere, and (3) a
superthermal ion layer interfacing with the
ionosphere at the ionopause and extending out-
ward to variable heights above the planet.
Observed orbit-to-orbit variations in the bow-
shock-ionosheath and the ionosphere-superthermal
plasma layer indicate close coupling among these
plasma regimes.

P3

A PIONEER VENUS VIEW OF THE IONOPAUSE
FORMATION PROCESS

L. H. Brace

R. F. Theis (both at NASA/Goddard Space
Flight Center, Laboratory for Planetary
Atmospheres, Greenbelt, MD 20771}

C. T. Russell (University of California, Los
Angeles, CA 90024)

J. A. Wolfe (NASA/Ames Research Center,
Moffett Field, CA 94035

Pioneer Venus measurements of ionospheric
electron densities and temperatures, solar wind
fluxes and magnetic field intensities are
employed to investigate the processes by which
the solar wind interacts with the ionosphere of
Venus to form the ionopause. These data are
consistent with a model in which the upstream
solar wind pressure is conveyed to the iono-
sphere by means of the compressed interplanetary
magnetic field which is in static pressure
equilibrium with the ionospheric plasma at the
ionopause. The observed orbit to orbit vari-
ability of the ionopause height is produced by
changes in solar wind pressure which, when the
pressure is increased, impulsively removes plasma
in the form of detached plasma clouds. The jono-
pause then reforms at a lower altitude where a
new pressure balance is established. These orbit
to orbit variations are superposed on a global
ionopause configuration in which the ionopauge
altitude increases from about 300 ‘kilometers at
the subsolar point to about 1000 kilometers at
the terminator, an effect that arises from an
associated decline in magnetic field pressure
toward the terminator.
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0** IN THE VENUSIAN IONOSPHERE

J. L. Fox (Aeronomy Laboratory, Dept. of
Electrical Engineering and Dept. of Chemistry,
University of Illinois, Urbana, IL 61801)

G. A. Victor (Harvard-Smithsonian Center for
Astrophysics, Cambridge, MA 02138)
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Altitude profiles of the 0*" densities in the
Venusian ionosphere are computed, using a neutral
model based on measurements made by the Pioneer
Venus Orbitér mass spectrometer for daytime
conditions. Double photoionization of agomic
oxygen is the most important source of o*
ions are lost by charge transfer to O, Ny and
probably to COy and CO. The calculated profiles
agree well with the ion densities measured by
the PVO ion mass spegtrometer. Dissociative
charge transfer of O _ to Ny is found to be an
important source of N at high altitudes. The
effect of 0** on the ion chemistry is discussed.
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DYNAMICAL RESPONSE OF THE DAYSIDE IONOSPHERE OF
VENUS TO THE SOLAR WIND

m

. Hartle

A. Taylor, Jr.
J. Bauer
H. Brace
. E. Daniell, Jr., (all at NASA/Goddard Space
Flight Center, Laboratory for Planetary
Atmospheres, Greenbelt, MD 20771)

P rwnTe

Ion composition and electron temperature
measurements made respectively by the Orbiter Ion
Mass Spectrometer (OIMS) and the Orbiter Electron
Temperature Probe (OETP) on the Pioneer-Venus
orbiter are used to infer the dominant processes
involved in the dynamic response of the Venus
ionosphere to the solar wind. The analysis is
confined to the topside 1onosphere in the vicinity
of the subsolar point where the strong solar wind
interaction makes it possible to easily identify
forces imposed upon the ionosphere by the solar
wind, Height profiles of the ion composition and
electron temperature in the main body of the top-
side ionosphere, lying between the ionopause and
chemical equilibrium regions, reveal that the
ionosphere is frequently in a compressed state.
This region of the ionosphere is interpreted in
terms of a statiomary qsplllbrlum where the com-
pression is due to the jxB force induced by the
solar wind. Under compression, this bulk force
pushes downward on the ionosphere and is balanced
by the net force resulting from the sum of the up-~
ward pressure gradient force and the downward
force of gravity. In the ionopause region, the
compressive jxB force is even stronger; the
opposing pressure gradient force implies the
presence of horizontal ion drifts that erode the
top of the ionosphere.

P&
THERMAL PLASMA PRESSURE IN THE IONOSPHERE OF
VENUS ’

W. C. Knudsen (both at: Space Sciences Labora-
tory, Lockheed Palo Alto Research Laboratory,
Palo Alto, CA 94304)

K. Spenner

V. F. Novak (both at: Fraunhofer Institut fur
Physikalische Messtechnik, Freiburg, West
Germany)

The ionospheric thermal plasma pressure on
Yenus has been derived as a function of alti-
tude and solar zenith angle from median values
of electron and fon temperatures and concen-
tration observed by the Pioneer Venus retarding
potential analyzer. The pressure as a function
of altitude reaches a maximum near 175 km
throughout the dayside. On the nightside
the altitude of the peak rises to near 250 km
at the anti-solar point. . Near the sub-solar
point the peak thermal plasma pressure is
approximately 5 x 1072 dyne cm 2. The thermal
p]asma pressure is typically balanced at the
ionopause by the pressure of an external
magnetic field. We anticipate that when the
external magnetic-field pressure exceeds the
peak thermal plasma pressure, the balance
requires an increased magnetic field within
the fonosphere. The peak thermal plasma pres-
sure at the sub-solar point corresponds to a
magnetic field of 110 y. The thermal plasma
pressure is observed to decrease from the sub-
solar point to approximately 150 deg solar
zenith angle, with the largest gradient near
the terminator. The pressure gradient is in
a direction to cause flow of fonization in an
anti-sunward direction and thus contribute to
the maintenance of the nightside ionosphere.
However, pressure gradients are found to be
insufficient to generate the high ion veloci-
ties observed by the RPA.
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CHARACTERISTICS OF THE STEADY MAGNETIC FIELD
OBSERVED IN THE VENUS DAYSIDE IONOSPHERE

J.A. Slavin

Luhmann

R C. Elphic

C.T. Russell (all at: Institute of Geophys:.cs
and Planetary Physics, University of Cali~
fornia, Los Angeles, CA 90024)

J.D. Mihalov

J.H. Wolfe (both at: NASA Ames Research Center,
Moffett Field, CA 94035)

Analyses of the '"DC" component of the magnetic
field observed near periapsis (150-180 lm
altitude) by the Pioneer Venus Orbiter magnetom-
eter suggest that the strength of the dayside
ionospheric field is related to solar wind dy-
namic pressure (pv2). Practically no steady
magnetic field is found when pv2 is less than
about 3x10-8 dynes cm™, When the pressure ex-
ceeds the aforementioned value, the magnitude of
the steady field is proportional to the dynamic
pressure. Maximum values of the DC field of
2100y are seen when pv2 is %8x10-8 dynes cm™ -2,
Ionopause field strengths are similarly corre-~
lated with the value of pvz while ionopause
altitudes are inversely correlated with this
quantity. On occasion, the direction of the
steady fileld appears to be related to the direc—
tion of the field at the ionopause, further
emphasizing the intimate connection between the
solar wind and the Venus ionosphere.
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SUPRATHERMAL ELECTRON ENERGY DISTRIBUTION WITHIN
THE DAYSIDE VENUS IONOSPHERE

W. C. Knudsen

K. L. Miller (both at: Space Sciences Labora-
tory, Lockheed Palo Alto Research Laboratory,
Palo Alto, CA 94304)

K. Spenner

V. F. Novak (both at: Fraunhofer Institut Fir
Physikalische Messtechnik, Freiburg, West
Germany)

P. F. Michelson (Department of Physics, Stan-
ford University, Stanford, CA 94305)

R. C. Whitten (NASA Ames Research Center, Mof-
fet Field, CA 94035)

The suprathermal electron energy distribution
has been derived for the dayside ionosphere
from data returned by the Pioneer-Venus orbiter
retarding potential analyzer. The shape and
magnitude of the spectrum are consistent with
solar EUV being the only significant produc-
tion source within the ionosphere. The magni-
tude of the spectrum and its variation with
altitude suggest that significant vertical
transport is occurring with electrons being
Tost upward through the ionopause. The heat
input to the thermal electron gas from the mea-
sured suprathermal electron flux fails by a
factor of 5 or more to supply the heat needed
to maintain the observed thermal electron
temperature profile when the field-free (paral-
lel to the magnetic field) electron conducti-
vity is assumed.
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PIONEER VENUS ORBITER MAGNETOMETER OBSERVA-
TIONS: STRUCTURE AND CHARACTERISTICS OF THE
VENUS IONOPAUSE

J.G. Luhmann (all at: Institute of Geophysics
and Planetary Physics, University of Califor-
nia, Los Angeles, CA 90024)

L.H. Brace (Laboratory for Planetary Atmospheres
NASA/Goddard Space Flight Center, Greenbelt,

MD 20771)

The dayside Venus ionopause is usually ob-
served as the interface between the low B (ra-
tio of plasma thermal to magnetic pressure)
magnetosheath, and the high B ionosphere. The
currents which flow on the ionopause are géner-
ally such as to exclude the highly compressed
solar wind magnetic field from the Venus iono~-
sphere. Inferred characteristic total thick-
nesses of the dayside ionopause current sheet
are of order 50 + 25 km, several thermal ion
gyroradii. Typical current densitjes at the
ionopause are of order 10 8 amps/m~, roughly an
order of magnitude larger than current densities
at the terrestrial magnetopause.

Multiple ionopause crossings suggest the pre-

sence of waves on the boundary, with peak-to-
peak amplitudes of 60-200 km, and periods (in
the moving spacecraft frame) of 50-120 sec.
Generally, the fonopause appears to have the
structure of a tangential discontinuity, with
the magnetosheath field lines draped across the
dayside jonosphere. However, magnetic signa-
tures sometimes suggest highly turbulent condi-
tions at the boundary.
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STUDY OF NIGHTSIDE VENUSIAN ELECTRON
TEMPERATURES

W. R. Hoegy

L. H. Brace

R. F. Theis (all at NASA/Goddard Space Flight
Center, Laboratory for Planetary Atmospheres,
Greenbelt, MD 20771)

Electron temperatures in the nightside Venus
Ionosphere are studied by comparing two dimen-
sional solutions of the heat conduction equa-
tion with an empirical model of the electron
temperature based on Pioneer Venus measure-
ments. The theoretical and empirical models
are confined to a narrow latitude band at Iow
latitudes. The energy calculation includes
solar EUV heating at the terminator, electron
cooling to ions and neutrals, and heat conduc-
tion within the ionospheric plasma. Heating at
the ionopause by the shocked solar wind is
included through an upper boundary condition.
Several simple, uniform magnetic field models
are found to be inconsistent with the empirical
temperature structure. An optimum magnetic
field for the equatorial region is derived by
solving for the heat flux directions which force
energy conservation while constrained by the
observed temperatures within the range of 80
to 180" SZA and 160 km to 700 km. The resulting
heat flux vectors suggest a magnetic field that
connects the lower nightside ionosphere (less
than 300 km) to the dayside ionosphere and con-
nects the upper ionosphere (greater than 300 km)
to the ionosheath. Thus, the lower ionosphere
is heated through conduction of heat from the
dayside and the upper ionosphere is heated by
the solar wind in the ionosheath, with heat flow-
ing downward and from the nightside to the day-
side. The suggested magnetic field appears to
be consistent with the magnetic field directions
observed by the Pioneer Venus magnetometer.
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THE ONSET AND DEVELOPMENT OF KELVIN-HELMHOLTZ
INSTABILITY AT THE VENUS TONOPAUSE

R. S. Wolff

B. E. Goldstein

C. M. Yeates (all at: Jet Propulsion Laboratory,
California Institute of Technology, Pasadena,
CA 91103)

We investigate the Kelvin-Helmholtz instability

at the Venus ionopause resulting from the flow of
the (shocked) solar wind tangential to the iomno-
pause for the case where the interplanetary mag-
netic field is oriented normal to the direction
of flow. It is found that gravity stabilizes
the long wavelength perturbations and the finite
thickness of the boundary layer stabilizes short
wavelength modes. The magnetic viscosity due to
finite Larmor radius effects either destabilizes

the boundary or stabilizes it according to whether

the solar wind electric field points away from or
towards the ionosphere. For solar wind and iono-
sphere plasma parameters consistent with Picneer
Venus observations we find that the instabilities
with the greatest growth rates (shortest growth
times) have wavelengths of 50-150 km and growth
times of 0.5 to several seconds. In addition,

we show how distortion of the ionopause by Kelvin-

Helmholtz instability can lead to the formation
of magnetic "flux ropes" inside the ionosphere as
well as ionospheric "bubbles” embedded in the
solar wind.
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COMPOSITION OF THE VENUS LOWER ATMOSPHERE FROM
THE PIONEER VENUS MASS SPECTROMETER

R. R. Hodges, Jr. (The University of Texas at
Dallas, P. 0. Box 688, Richardson, Tx 75080)
J. H. Hoffman (The University of Texas at Dallas

P.0. Box 688, Richardson, Tx 75080)

Data from the Pioneer Venus Sounder Probe Neu-

tral Mass Spectrometer confirm that the major
constituents of the lower atmosphere of Venus
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are COp and Ny, with the latter having a mass
abundance of about 3%. The data allow the order
of up to 1000 ppm of water vapor, and 500 ppm of
S0y and COS below the clouds, but lower bounds
for the abundances of these compounds camnot be
established because they appeared in large
amounts as lingering products of the reaction of
cloud droplets deposited on the gas inlet leak to
the mass spectrometer. The presence of several
minor constituents on Venus is more certain. Of
particular significance is the discovery that
there is a hundred-fold excess of nonradiogenic
argon and neon on Venus over terrestrial abun—
dances in addition to a small deficit of radio-
genic Ar. The isotopic ratios of carbon,
oxygen, and nonradiogenic argon are similar to
these on earth. Other minor constituents de-
tected on Venus include helium and ethane, and
there is strong but presently inconclusive,
evidence of HyS. Through laboratory simulation
it has been shown that the measured pattern of
volatile release during the evaporation of cloud
materials blocking the inlet leak correspond to
the volatiles produced when a leak is coated with
an 85% concentration solution of HyS0; and
immérsed in a Venus atmosphere simulator.
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VENUS THERMOSPHERE: DIURNAL VARIATION OF THE
NEUTRAL GAS COMPOSITION AND KINETIC TEMPERATURE

B. Niemann

T. Kasprzak
E. Hedin
W. Spencer (all at NASA/Goddard Space Flight
Center, Laboratory for Planetary Atmospheres,
Greenbelt, MD 20771)

7w

In situ measurements are being made of the
neutral gas composition in the thermosphere of
Venus with the Pioneer Venus Orbiter Neutral
Mass Spectrometer (ONMS)., Number densities of
the major conmstituents COy, CO, N2, O, N, and He
are obtained once per earth day at approximately
140 km to 250 km altitude near 18° north lati-
tude for two diurnal cycles. Atomic oxygen is
the major constituent above 155 km on the day-
side, and also on the nightside up to 180 km
where helium becomes the major constituent.
Average day and night densities of €0y, CO, Ny,
0, and N remain nearly constant but the magni-
tude changes abruptly at the terminator from
high dayside values to low nightside values.
Helium varies in the opposite way and a bulge is
observed on the nightside near the morning ter-
minator. Turbulence on the nightside is
indicated by large orbit to orbit variations in
the observed densities. Results obtained during
the first and second diurnal c¢ycles are in
agreement to about 20%. Changes are noted
however in detail on the shape of the helium
bulge and the orbit to orbit wvariation. Kinetic
temperatures inferred from scale heights are
295 K at local noon and 110 K at local midnight.
Similar to the density variationms, the average
temperature values remain relatively constant
during day and night but change abruptly at the
terminator.
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EDDY MIXING IN THE VENUS THERMOSPHERE

U. von Zzhn

K. H. Fricke (both at: Phy51kallsches Institut,
Universitit Bonn, 5300 Bomn 1, W.-Germany)

D. Krankowsky (Max-Planck-Instltut fir Kern-
physik, 6900 Heidelberg, W.-Cermany)

The composition of the dayside Venus thermo-—
sphere, as measured by the neutral gas mass
spectrometer on board the Multiprobe Bus of the
Pioneer Venus Mission, can be well described by
assumln% a vertlcal eddy coefficient K =
2 x 1013e071/2 2571, yhere n is the total
number. density in em™>. Comparisons will be
made with pre-Pioncer Venus and with other
Pioneer Venus determinations of K in the Venus
atmosphere, as well as with measurements of K
in the homopause regions of Earth and Mars.

The co quences of the d K dependence on
number density and of those K profiles used in
pre-Pioneer Venus model calculations will be
discussed with respect to the Venus exospheric
H abundance, the thermospheric 0 abundance,

and the tropospheric He abundance. Implications
of the assumed strength of vertical mixing on
the energy balance of the Venus upper atmosphere
will be commented upon,
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RESPONSE OF VENUS' THERMOSPHERE TO
CHANGES IN SOLAR FLUX

M.A. LeCompte (Laboratory for Atmospheric and
Space Physics and Department of Astro-Geo-
physics, University of Colorado, Boulder, CO
80309)

(Sponsor: A.I.F. Stewart)

The Pioneer Venus Orbiter Ultraviolet Spec-
trometer has megsured Timb intensity profiles at
2890 A (the €O, UV doublet) and 2160 A (the
(0,1} Cameron Eand of €0), obtaining the topside
scale height and the zenith column emission rate
adjusted to the subsolar point. The Tatter
quantity is closely related to the solar ionizing
flux, and correlates well with the solar 10.7-cm
flux when adjusted for the differing solar
Tongitudes of Venus and Earth. "No large varia-
tions in the topside scale height are seen,
suggesting that Venus is similar to Mars in that
T, is not sensitive to the solar EUV flux, but
is uniike Mars in that there are no other sources
of significant shortterm variations in T_. The
airglow intensities will also be compare? with
ionospheric electron densities.
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EMPIRICAL MODEL OF THE NEUTRAL TEMPERATURE AND
COMPOSITION OF THE VENUS THERMOSPHERE

A. E. Hedin

W. T. Kasprzak

H. B. Niemann (all at NASA/Goddard Space Flight
Center, Laboratory for Planetary Atmospheres,
Greenbelt, MD 20771)

A. Seiff (NASA/Ames Research Center, Moffett
Field, CA 94035)

Direct measurements of neutral CO,, 0, CO, NZ’
He, and N densities from the Pioneef Venus
Orbiter Neutral Mass Spectrometer (ONMS) are
described in terms of a spherical harmonic
representation (latitude and local time coor-
dinates) of exospheric temperature and 150 km
densities using Bates temperature profiles.
Terms up to the fifth harmonic are required to
fit the rapid density variations at the termi-
nator, unlike the earth's thermosphere where
three harmonics are sufficient. A global
average temperature of 200 K is derived with a
final harmonic variation of 54%, which is three
times larger than the variation in the earth's
thermosphere. The temperatures are basically
determined from the altitude variations of
oxygen and are accurate to no more than + 10%.
The altitude profiles are extended downward to
100 kn using empirical formula to provide a
transition through the turbopause region.

4

Planetary Tectonics
Metropolitan Centre
Monday A.M.

W. Quaide (NASA Head-
quarters), Presiding
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THE VENUS CRUST FROM PIONEER RADAR

Harold Masursky, Branch of Astrogeologic Studies
(0.S. Geological Survey, Flagstaff, AZ 86001)

Altimetry and image data, obtained by Pioneer
Venus and Earth-based radars, have provided a
first look at the global hypsometry, regional
morphology, surface roughness characteristics
of Venus from which a preliminary interpreta-
tion of planetary crustal history can be made.
The distinctly unimodal distribution of relief
(20% "lowlands™, 70% "upland plaing’, and 10%
"highlands") may indicate that most of the
planet's ancient crustal material is preserved
in the upland plains province where Venera 8
landed and reported a "granitic" composition.
Circular features that may be impact craters
are common on this terrain unit. The highlands,
Ishtar Terra and Aphrodite Terra, stand 11 and
8 km above mean planetary radius (6051.4 km).
From analysis of the gravity and altimetry data,
they may represent continental regions whose
mass is about 80% compensated due to erustal
thickening beneath these features by 1) under-

plating of silicic rocks by mantle comvection,
2) local differentiation associated with mantle
plumes that balance the composition and thick-~
ness of the crust, or 3) continental growth by
plate tectonic processes or alternatively
lateral crust and mantle variations. There is
no global array of mid-basin ridges, indicative
of global plate tectonism nor subduction troughs
marginal to the continents. Complex ridge and
trough regions that lie east of the two terrae,
the radiating ridges near Beta and the mar—
ginal mountains of Ishtar may be the result of
local crustal motions.

The lowlands may be due to filling of depres-—
sions (where the crust is thinner) like the
basins and lowlands on the Moon, Mars and the
Earth. Veneras 9 and 10 landed east of Beta
and reported basaltic composition for these
rocks,
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TERRESTRIAL CRATERING STUDIES: APPLICATION TO
HISTORIES OF PLANETARY EVOLUTION

M. R. Dence (Earth Physics Branch, Energy, Mines
and Resources, Ottawa, Canada, KlA 0Y3)

R. A. F. Grieve (Earth Physics Branch, Energy,
Mines and Resources)

The accessibility and geological control
afforded by terrestrial impact craters, of which
~80 with 1 < D > 140 km are currently recognized,
provide information not available from other
planetary bodies on cratering processes and their
influence on crustal evolution. Structural
studies of craters in different media indicate
the great complexity of mass motions during the
later stages of cavity formation and ejecta
deposition. Central peak formation is seen as
a function of the weakening of target materials
during initial shock-induced movements, the
strength of the target rocks under those con-
ditions and the extent to which the structure
attains equilibrium., Multiple rings result from
successive vertical oscillations converging to-
wards this equilibrium position. A modified
proportional growth model is favoured for esti-
mating the depth of the primary excavation.
These conclusions indicate that, although volu-
metrically rare, some ejecta from multi-ring
basins derived from original depths of ~60 km,
and may be present in returned lunar highland
samples. The failure of shock waves to reset
isotopic systems in > 90% of material excavated
casts doubts on models which ascribe the 3.9 *
0.1 by peak in lunar highland ages to the for-
mation of specific large.basins. A Phanerozoic
terrestrial cratering rate of 0.35 # 0.13 x 10714
km™ yr‘l for D > 20 km, when combined with
lunar data, indicates the asteroidal flux in the
inner solar system has been constant within a
factor of 2 over the last ~3.0 b.y. The com—
bined cratering rate curve can be used as a
time scale to assign an approximate age to the
development of major tectonic features on other
planets.
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PLATE TEéTONICS AND MANTLE CONVECTION

E.R. Kanasewich (Department of Physics,
University of Alberta, Edmonton,
Alberta, Canada T6G 2J1)

Paleomagnetic observations, oceanic
magnetic lineations and the present
continental margins are used in a
computer algorithm to recomstruct maps
for seven periods throughout the
Phanerozoic Era. Geologic evidence
is used to reconstruct major plate
boundaries. The results suggest the
presence of a slowly evolving mantle-
wide comnvection system which is
symmetric about the earth's spin axis.
The dominant pattern during the early
Paleozoic and Cenozoic Eras may be
described in terms of spherical
harmonics of the third order. The
earth's present gravity and non dipole
magnetic field is examined for evidence
of this pattern. Of particular use
are special map projections such as
the Eckart and azimuthal-equidistant
ones with the major oceanic plate
determining the orientation of a
pseudo-equator.
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DO DEEP MOONQUAKES REPRESENT SHEAR FRACTURES?

Junji Koyama (Galveston Geophysics Laboratory,
Marine Science Institute, The University of
Texas, Calveston, Texas 77550 and Geophysical
Tnstitute, Tohoku University, Sendai 980,
Japan)

Yosio Nakamura (Galveston Geophysics Laboratory,
Marine Science Institute, The University of
Texas, Galveston, Texas 77550)

S~wave particle motions of deep moonquake
signals observed at the Apollo lunar seismic
stations have been analyzed to test a hypothesis
that deep moonquakes represent shear fractures.
Observations of S-wave polarization angles at
three stations are just enough to determine the
orientation of a double-couple force system,
representing a shear fracture, at each moonquake
focus. Focal mechanism solutions thus obtained
for category Al moonquakes are in agreement with
our earlier results based on relative amplitudes
of P and S waves. The nearly horizontal fault
plane we found by these analyses also coincides
with the plane of the computed maximum tidal
shear stress in the Ay focal region. The
polarization angles of S-waves vary with the
tidal phase of the moon. This variation is also
consistent with that of amplitude ratios of P-
and S-wave envelopes.. These analyses suggest
that deep moonquakes represent shear fractures
controlled not by tectonic stresses but by
tidally induced shear stresses in the lunar
interior.
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MARTIAN SURFACE TECTONIC FEATURES AND THE STATE OF

STRESS IN THE INTERIOR

R. 8. Saunders (JPL, Caltech, Pasadena, CA 91102)
R. J. Phillips (Lunar & Planetary Institute, Hous-
ton, TX 77058)

Tectonic features on Mars have been mapped glo-
bally using Viking and Mariner 9 pictures.

faults, which are generally taken to represent
extension, and wrinkle ridges, which are taken to
represent compression.

Gravity and topography information are used to

model stress conditions in the martian interior.

The two types of models that are used to examine

stress trajectories that might result in strue-
tural deformation at the surface are a flexural

model and a two-element isostatic model (Sleep and
Phillips, GRL, 1979).
yleld different stress patterns we use the photo-
geologic mapping of structures to test the compet-
ing models.
with the observed structural patterns.

We would conclude that most of the structural

features associated with Tharsis are a result of

loading, not expansion or doming, thus extensional
tectodiics is not a strong constraint on the ther=
mal history and the real problem is to understand
the origin of the Tharsis load. The model yields
both “extensional and compressional features. We
speculate that the oldest fractures may be asso-
ciated with uplift or doming but that the majority
of fracturing and all ridges result from relaxa-
tion of the Tharsis load.
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FRACTIONAL MELTING, DENSITY DISTRIBUTION AND
MANTLE CONVECTION BENEATH THE THARSIS PLATEAU,
MARS

A. A. Finnerty
R. J. Phillips (both at: Jet Propulsion Lab,

Caltech, Pasadena, CA 91103)

The existence of a’ large volcanic .pile in the
Tharsis region of Mars, over thick lithosphere
where there is no evidence of plate tectonics,
raises the possibility that extreme igneous
fractionation during partial melting of a single
gource region in the martian mantle may have
taken place. Regardless of the model mantle
composition, the liquid formed by partial melt-
ing will be enriched in Fe over the residual
crystals. Because of extraction of Fe, the re-
siduum will be 1less dense than the parent
rocks For example, 10% to 20% partial melting
of garnet lherzolite yields a residuum that is
0.05 to 0.10 gm cm~3 less dense than the parent
for terrestrial compositions (Jordam, 1979).
The density contrast is increased for larger de-—
grees of partial melting and for more Fe-rich
parent compositions.

If gravity and topography data for Tharsis are
fit to an isostatic model, a mantle density con-

These
features include graben and other fractures and

Since these two models

The flexural model is more consistent
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trast of more than 0.1 gm em 3 is required if
mean lithospheric thickness is less than 450 km
(Sleep and Phillips, 1979). These authors note
that temperature contrasts alone are not suffi-
clent to cause this density contrast, and sug—
gest that it is caused by chemical differences.

The density calculations of Jordan (1979) sup-
port this hypothesis. We further suggest that
if the low-density reglon in the mantle beneath
Tharsis exists and is due to fractional melting,
large-scale convection in the upper mantle be-—
neath Tharsis cannot have taken place since the
cessatlion of volcanism, otherwise the density
contrast would have been annihilated by mix—
ing. If older volcanic flows have not been cov-
ered by younger flows or by wind-borne dust,
high spatial resolution spectral scanning may
reveal variations of Fe/Mg and Ti/Mg in Tharsis,
supporting our hypothesis.

Venus, Comets,
Jupiter and Saturn
Harbour A

Monday P.M.

J. Pollack (Ames Research
Center), Presiding
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THE NIGHT AIRGLOW OF VENUS:
CONSTRAINTS ON THERMOSPHERIC CIRCULATION

S.W. Bougher (Laboratory for Atmospheric and
Space Physics and Department of Astro-Geo-
physics, University of Colorado, Boulder, CO
80309)

(Sponsor: A.I.F. Stewart)

The transport of atoms of N and O from the
dayside to the nightside thermosphere produces a
chemiluminscent night airglow consisting of the
v and & bands of nitric oxide. The zenith
intensity of this glow depends only off the
vertical flux of N atoms, and the attitude of
the emitting layer depends on the vertical flux
of 0 atoms and on the strength of vertical eddy
mixing. The morphology of the airglow, as shown
in images obtained by the Pioneer Venus Orbiter
Ultraviolet Spectrometer, therefore reflects
both the high altitude supply of atoms from the
dayside and their transport through the Tower
thermospherelOPresent resu]tsléndicate dowggard_l
fluxes of 107~ N atoms and 107" 0 atoms cm “sec
averaged over the dark hemisphere, and Targe
values of K comparable to those found in the
dayside. Analyses of the Tocation and size of
bright nightglow patches will be presented.
Inferences drawn from the nightglow measurements
will be compared with independent sources of
information on nightside conditions, including
mass spectrometer measurements of N and O, IR
brightness temperatures near 100 km, and Venera
measurements of the near-UY nightgiow.
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THE CONFIGURATION OF THE VENUS BOW SHOCK

L. H. Brace

K. H. Schatten (all at: NASA/Goddard Space
Flight Center, Laboratory for Planetary
Atmospheres, Greenbelt, MD 20771)

Over 400 bow shock. crossings measured from
December 1978 to December 1979 by the Orbiter
Electron Temperature Probe (OETP) on Pioneer
Venus have been used to form a simple empirical
model of the bow shock. The formula which is
referred to as an 'Archimedian Hyperboloid" is
as follows: 2

P = € /(m-P-C,) = CyW/ (m-C)”,

where p = distance from planetary center in
Venus radii (RV), ¥ = solgr zenith angle in
radians (corrected by a 5 abberation}, C, =
4.22 + .05, and C,=0.26 + .01. The constants

C, and C, are detérmined by a least squares fit
wﬁere thé perpendicular distance to the surface
is minimized. This functional form leads to an
average standoff distance of 0.46 + .03 R_ from
the planet's surface, and an asymptotic cone
angle of 14.8  + 0.7 . Using an average iono-
pause altitude of .06 R_and assuming this to
be the effective obstacie to the solar wind
flow, the nose of the Venus shock extends 0.4

R above this level. Since this value is con-
sistent with the other terrestrial planets,
this suggests that there is very little solar
wind absorption by the atmosphere on the
average. The Archimedian Hyperboloid fit was
chosen, as opposed to the more usual ellip-
soidal form, because of the theoretical need
for an asymptotic cone angle consistent with
shock theory. This form is .consistent with the
Spreiter and Stahara (1980) single fluid MHD
model of the bow shock around a non-magnetic
planet. This form may be fitted to a typical
calculated bow shock with a deviation of

V.03 R
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BOW SHOCK ACCELERATED PROTONS AND THE MAGNETIC
FLUX ROPES OF VENUS

S. A. Curtis

W, R. Hoegy (both at NASA/Goddard Space Flight
Center, Laboratory for Planetary Atmospheres,
Greenbelt, MD 20771)

A mechanism for the generation of the Venus
flux ropes is developed using the free energy of
the MHD collisionless shock at Venus and the
intermittent penetration of the interplanetary
field lines into the Venus ionosphere. The pene-
trating field lines provide a linkage between
the shock associated current system and the iono-
sphere. Specifically, the field lines act as a
conduit by which the high energy component of
the post-shock protons can enter into the iono-
sphere. The post-shock proton distribution
function is assumed similar to that of the earth;
a bimodal distribution with the high energy com-
ponent aligned in the magnetic field diréction.
This is believed to be the characteristic form
of distribution for a quasi-perpendicular shock
geometry (Greenstadt and Fredericks, 1979). The
helical structure of the flux ropes can then be
generated by a combination of the magnetic field
of the field-aligned high energy proton current
and associated plasma waves moving along the
penetrating interplanetary magnetic field which
composes the axial component of the flux rope.
Specific plasma instabilities that contribute to
the helical structure are discussed and compari-
sons with published magnetic flux rope obser-
vations (Russell and Elphic, 1979) are made.

P 26

MAGNETIC FIELDS RELATED TO JOR-NEUTRAL COUPLING
IN THE ATMOSPHERES OF UNMAGNETIZED PLANETS

J.G. Luhmann

R.C. Elphic (both at: Institute of Geophysics
and Planetary Physics, University of Cali-
fornia, Los Angeles, CA 90024)

The magnetic fields produced by the terrestrial
ionosphere current systems that are driven by
neutral atmosphere motions have been analyzed in
great detail. Analogous effects can occur im
the atmospheres of unmagnetized planets if even
a small "external" field is applied, for example,
by solar-wind field penetration. The magnitudes
of the atmospheric dynamo fields at Venus are
estimated and compared with the fields observed
by the Pioneer Venus Orbiter magnetometer.
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COMPOSITION OF THE ULTRAVIOLET COMA OF
COMET BRADFIELD (1979%)

P. D. Feldman and H. A. Weaver (Physics
Dept., The Johns Hopkins Univ., Baltimore,
Md. 21218)

M. C. Festou (Space Physics Res. Lab., Univ.
of Michigan, Ann Arbor, Mi. 28190)

Observations of the ultraviolet spectrum
of Comet Bradfield (19792) were made in
January and February 1980 with the
International Ultraviolet Explorer. The
heliocentric distance of the comet varied
from 0.71 a.u. to 1.36 a.u. The evaporation
of water from the cometary nucleus could be
studied in detail as all three dissociation
products, H, OH and O, were observed
simultaneously and the dust/gas ratio of the
comet was extremely low. Prelimanary anal-
ysis of the data with the aid of a Haser
model indicates that the water production
rate decreases with heliocentric distance
considerably faster than r=2, ‘The spatial
imaging capability of IUE gave resolution
of ~1000 km when the comet was 0.2 a.u.
from the Earth, and was used to identify CS
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as a parent molecule evaporated from the
nucleus. The production rate of CS relative
to water is =5 x 10-* at 0.71 a.u. c(!D)
atoms, identified by the CIA1931 line, appear
to be produced by reactions in the coma,
probably dissociative recombination of COT
even though the €Ot abundance is rather low.
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HYDROGEN PRODUCTION RATES FROM GROUND-BASED
FABRY-PEROT OBSERVATIONS OF COMET KOHOUTEK

F. Scherb (Dept. of Physics, University of
Wisconsin, Madison, Wis. 53706)

F. L. Roesler (Dept. of Physics, University of
Wisconsin, Madison, Wis. 53706}

The only ground-based observations of a com-
etary hydrogen corona that have been obtained
up to the present were carried out during the
apparition of Comet Kohoutek (1973f). Hydrogen
Balmer o (He) emission from the gas cloud sur-
rounding the comet was detected using a Fabry-
Perot spectrometer at Kitt Peak National
Observatory. We have re-examined these obser-
vations using (1) new solar full-disk Lyman B
emission Tine profiles obtained recently,

(2) a new calibration of the absolute sensi-
tivity of the Fabry-Perot spectrometer, and

(3) corrections for atmospheric extinction
instead of the geocoronal He comparison method
used previously to obtain absolute comet Ha
intensities. The new values for cometary
hydrogen production rates are in good agreement
with results obtained from Lyman o« observations
of Comet Kohoutek.
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A CRYOGENIC TECHNIQUE FOR COLLECTING A
SAMPLE ON A COMETARY RENDEZVOUS MISSION

T.E. Economou (E. Fermi Institute, Uni-
versity of Chicago, Chicago, IL 60637),
A.L. Turkevich, R.J. Szara, E. Franzgrote

An important scientific objective on a
cometary mission is to obtain a complete
chemical analysis of the comet. It is pro-
posed to do this by collecting on board
the spacecraft anunfractionated sample of
the coma material (both dust & volatiles).
This can be achieved by exposing a large
area (v0.2m2) of a thin f£ilm of solid xe-
non at v65°K to the cometary flux. A cold
surface should be an efficient trap for
volatiles. Laboratory studies have shown
that properly prepared xenon filmcan col-
lect dust particles of velocities expected
in a cometary coma (30-200 m/sec) with an
efficiency comparable to that of oil film.
Typical mission profiles for a Tempel-2 ren—
dezvous suggest that a one day collection
period would provide samples of many mg.

After collection, the xenon on board
the spacecraft would be heated in a
closed system to vaporize volatile com-
ponents (H,0,C0,,etec.), and then the
entrained particles concentrated by de-
position on a small area impactor plate.
This sample then would be available to
on-board instruments such as an Alpha
Particle Instrument with «, p and x-ray
modes that could identify and determine
more than 99% of the atoms. The volatiles
could either be condensed and analysed by
pressure-temperature relations or analy-
sed chromatographically. The volatile
sample would be. large enough to determine
important isotopic ratios such as D/H,
lsg/l2¢, 1807180, as well as minor consti—
tuents with a mass spectrometer.

Such a collection scheme thus would "put
a comet back together" while at the same
time minimizing the hazards to sensitive
surfaces on the spacecraft.

P 30

THE PRODUCTION OF TYPE 1 TATL RAYS

David B. Beard (University of Kansas,
Lawrence, Kansas 66045)

Of the three competing ionization processes
in cometary atmospheres only one, ionization
by fast electron impact, can generate the
observed physical properties of Type 1 comet
tails. Photoionization by solar ultraviolet
radiation is a relatively negligible contri-
bution because of low photoionization cross-—



sections for the amount of incident ultra-
violet radiation. Charge transfer from solar
wind protons is a major cause of cushioning
the solar wind in the comet atmosphere but
cannot produce tall rays because charge trans-
fer, in common with photoionization, cannot
produce the observed high concentration of
cometary ions nor provide them with their
large kinetic energies. Fast electrons will
produce a high density of cometary ions and
will energize them to kinetic energies of
many tens of electron volts required by the
observed growth rate of the waves. The fast
electrons required will ocecur at observed
discontinuity surfaces in the solar wind and
the random occurrence of the discontinuties
explain why the production of Type 1 tail
rays is sporadic in nature, The discontinu-
ities can result in a fast shock structure

in the cometary atmosphere which produces
the energetic electrons. Electron ionization
is very efficient due to the high mobility
of the electrons and the tail rays are of
smaller diameter, as observed, than is pos-
sible by any competing process.
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STUDY OF THE JOVIAN UPPER ATMOSPHERE
BY A VOYAGER 2 ULTRAVIOLET STELLAR
OCCULTATION EXPERIMENT

M. C. Festou, S. K. Atreya, and T. M. Donahue
(Atmospheric & Oceanic Science, University
of Michigan, Ann Arbor, MI 48109)

D. E. Shemansky, B. R. Sandel, A. L. Broadfoot
(Space Sciences Institute, University of
Southern California, Tucsom, AZ  85713)

On July 9, 1979, the B7 star a-Leo was
occulted by Jupiter as viewed from the Voyager
2 spacecraft at a distance of 1.51 x 106 km
from Jupiter. The ultraviolet spectrometer on
Voyager followed the star during occultation
and recorded its spectrum in the range 51.3nm
- 169mm with a resolution of 0.9nm. Data were
obtained during ingress and egress. Absorp-
tion profiles for molecular hydrogen were ob-
tained over an altitude range of 500 km and
extinction by various hydrocarbon species over
an altitude interval of 50 km. These data
permit a determination of the altitude of the
homopause and the temperature distribution
above the homopause.
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CONFIGURATION OF THE CURRENT SHEET IN JUPITER'S
MAGNETIC TAIL

K. W. Behannon

L. F. Burlaga

R. P. Lepping

N. F. Ness (all at: NASA/Goddard Space Flight
Center, Laboratory for Extraterrestrial
Physics, Greenbelt, Maryland 20771)

Magnetic field observations by Voyager 1 and 2
of the current sheet in the Jovian magnetotail
are consistent with a disk-like structure near
the planet connecting smoothly to an extended
sheet in the distant tail. Well-defined sheet
crossings were observed approximately every 5 or
10 hours by Voyager 2 outbound over a Jovi-
centric radial distance range of +20 R, to «175
R;-. In the majority of cases, multiple cros-
sings consisting of 3 or 5 traversals were
observed. Minimum variance analyis (MVA) of
Voyager 2 crossings produced a total of 51 cases
(out of 54) with eigenvalues sufficiently well-
separated so that reliable estimates of sheet
normal components could be obtained. In 18 of
the crossing cases (35%), the sheet was con-
sistent with being a rotational “discontinuity.
In the remaining 33 cases (65%), the sheet was
consistent with being either a rotational
discontinuity with a small normal component
(relative normal B /<|BI> < 0.3) or tangential
discontinuity. n average relative normal
component of 0.27 was found for all 51
crossings. The normal vectors were found to
have a broad distribution in latitude angle, eN’
probably due in part to torsional or flapping
motions of the sheet. The most probable orien-
tation for the normals tended to be more nearly
perpendicular than parallel to the solar magnet-—
ospheric equatorial plane, as expected. The
longitudinal angles, ¢, of the normal vectors
were found to be tigﬂtly constrained to the
cross-tail direction, suggesting little devia-
tion of the down-tail axis of the sheet from the
planet-sun line. Comparisons of the Jovian tail
current sheet with the dayside sheet and with
the earth's magnetotail - sheet will also be
presented.
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JUPITER'S 10~-HOUR MODULATED MAGNETOSHEATH

B. P. Lepping

L. F. Burlaga

L. W. Klein (all at Goddard Space Flight Center,
Laboratory for Extraterrestrial Physiecs,
Greenbelt, Maryland 20771)

Large scale magnetic field directional oscil-
lations have been discovered in Voyager 1 and 2
and Pioneer 10 magnetic field data for the
periods when the spacecraft were outbound
through the magnetosheath of Jupiter. These
large scale structures occur with a quasi-period
of about 10 hours (or 5 hours occasionally)
which is Jupiter's rotational period. The
direction changes (mostly north south and of a
few minutes to two hours in length) delineating
these structures are closely restricted to a
plane parallel to Jupiter's local magnetopause,
according to a minimum variance analysis of the
field for all three spacecraft. Similar direc-
tional changes occurred in the inbound magneto-
sheath for the Voyager spacecraft according to
the analysis, but the occurrence was much less
frequent. Also the north-south components of
the field and plasma velocity are strongly
anticorrelated for Voyagers 1 and 2 while they
are in the outbound magnetosheath; other com-
ponents show weak correlations (J. Belcher and
H. Bridge, private communication). Some
magnetopause and bow shock crossings on Voyager
2 outbound are phase locked with some of these
structures. These features may be accounted for
in terms of field line draping around the
magnetopause of the convected IMF and solar
wind, where the modulation is controlled by the
motion and shape of the magnetopause, which
directly depends on the rotation of the
magnetosphere.
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EFFECT OF PARTICLE BOMBARDMENT ON OUTER
GALILEAN SATEILITE SURFACES

E. M. Sieveka and R. E. Johnson {Dept.
Nuclear Engineering and Engineering
Physics, University of Virginia,
Charlottesville, Va. 22901)

The ionic and neutral particle environ-
ment near the outer Galilean satellites is
modeled in order to predict the effects of
sputtering and magnetic entrainment on the
removal and transport of particles from
the satellite surfaces. Over geologic time
sputtering due to bombardment by particles
trapped in the Jovian magnetosphere may
have removed or redistributed large amounts
of material from the Galilean satellite
surfaces. If neutral, these sputtered
particles will follow ballistic trajec—
tories with the possibility of escape for
energies over a few eV. If the particle
is an ion or is ionized in flight it will
become trapped by the corotational magnetic
field of Jupiter. It may then return to
the surface with an energy related to the
relative velocity of satellite and field,
or it may be swept free of the parent
satellite and became part of the magneto-
spheric plasma. Of primary interest in
this study is the effect of particles re-
turning to the surface on the long term re-
distribution of satellite surface material.
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IUE OBSERVATIONS OF H Ly o EMISSION FROM
SATURN

J. T, Clarke and H. W. Moos (Physics Dept., The
Johns Hopkins Univ., Baltimore, Md. 21218)

A. L. Lane (Jet Propulsion Laboratory,
Pasadena, Ca, 91103)

{Sponsor: Paul D. Feldman)

A north-south spatial profile of the H Ly o
emission from Saturn was obtained on 19 January
1980 using the IUE short wavelength spectro—
graph. The overall emission brightness was on
the order of 1 kR, and a pronounced north-south
asymmetry in the emission was observed. Possible
interpretations of this asymmetry in regard to
the observing geometry will be discussed.

Further observations are scheduled for the time
of ring-plane crossing on 12 March 1980.
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ENERGETICS OF THE SATURN IONOSPHERE

S. K. Atreya

T. E. Cravens

A. F. Nagy (all at: Space Physics Research
Laboratory, Department of Atmospheric and
Oceanic Science, University of Michigan, Ann
Arbor, Michigan 48109)

The ion and electron energy equations have been
solved for the Saturn ionosphere and coupled to
the existing ion composition model reported on
earlier by Waite, Atreya and Nagy (1979). The
photoelectron heating rate has been carefully
determined by means of a two stream calculation
in an atmosphere comsisting of Hp, He and H. The
important electron cooling processes due to
vibrational and rotational excitation of Hp have
been re-examined for the Saturn ionosphere for
high neutral temperatures. Implicatjons for the
Saturn ionospheric structure will be discussed
and the possibility of heat sources other than
photoelectrons will Be considered.
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DOUBLY DIFFERENTIAL CROSS SECTIONS OF SECONDARY
ELECTRONS EJECTED FROM H, BY ELECTRON IMPACT
(25 - 250 V)

T. W. Shyn
W. E. Sharp (both at: Space Physics Research

Laboratory, University of Michigan, Ann Arbor,
Michigan 48109)

Hydrogen molecules are a major constituent of
the atmosphere of Jupiter and Saturn. Extensive
laboratory measurements of doubly differential
cross sections of secondary electrons ejected
from Hy by a crossed-beam method is reported.
The incident energies used were 25, 40, 60, 100,
150 and 250 eV. The energy and angular range of
secondary electrons measured were from one-half
of the difference between the incident energy and
ionization potential down to 1.0 eV and from 12°
to 156°, respectively. Absolute singly differ-
ential cross sections and total ionization cross
sections have been obtained. Disagreement of the
present results with previous measurements by
other workers is found, particularly, below 15
eV. Significantly more low energy electrons (up
to a factor of 2) are produced than previously
thought. The total ionization cross section
deduced from these data agree very well with the
accepted cross section found from other methods
above 40 eV. .
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A MODEL OF THE TITAN CLOUDS

0. B. Toon

J. B. Pollack (both at NASA Ames Research Center,
Moffett Field, CA 94035) )

R. P. Turco (R & D Associates, Marina del Rey,
CA 90291)

We have constructed a simple model of the
physical processes controlling Titan's clouds.
We find that clouds which qualitatively match
the present observational constraints can be
constructed for a wide variety of model atmos-
pheres including those with low atmospheric
pressures (25 mbars) and high atmospheric pres-
sures. We find: high temperatures (1609K) are
required through wost of the upper several opti-
cal depths of cloud; the aerosol mass production
level is well above the unit aerosol optical
depth level so that the aeroscls do not directly
affect the photochemistry producing them; the
aerosoel mass Eroductian rate_is probably greater
than 3.5x10-%% sm em™2 sec™ the particles are
probably aspherical but equidimensional; and the
eddy diffusion coefficients cannot be as large
as 5x106 cm? secl except in the top optical
depth of the cloud. We also find: increases in
mass input cause a decrease in the mean particle
size as required to explain the observed corre-
lation between the solar cyele and Titan's albe-
do; the sticking coefficlent need not be extremely
low as has been proposed, but it could be low due
to photoelectric charging of the particles; and,
the lifetime of particles near the unit optical
depth level is a few months as needed to explain
the observed temporal variability. Although
Titan's aerosols are optically thick in the ver-
tical direction, they are so extended that the
horizontal visibility is larger than that found
anywhere at the Earth's surface.
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SEARCH FOR MARTIAN HOT SPOTS

Gregg Vane

Terry Z. Martin (both at: Jet Propulsion
Laboratory, Caltech, Pasadena, CA 91103)

(Sponsor: David E. Thompson}

Results will be presented of a thorough
search of the Viking orbiter infrared thermal
mapper (IRTM) data set for the presence of
hot spots on the surface of Mars. The data
set consists of surface thermal emission
observations in the regions 6.1-8.3um, 8.3-
9.8um, 9.8-12.5um, and 17.7-24um. These
observations,converted to brightness temp-
eratures, have been subjected to a computer
test designed to look for spikes of 107K or
greater, relative to the immediately adjacent
data points. IRTM data resolution varies
from about 150 km at apoapsis to about 1.5 km
at periapsis; sufficient data have been
taken since 1976 to cover a considerable
fraction of the planet's surface at high res-
olution. An estimate of the completeness of
the search will also be presented.
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ANALYSIS OF PAST 10 INFRARED MEASUREMENTS:
IMPLICATIONS OF INTERIOR HEAT FLOW

D.L. Matson
G.A. Ransford

T.V. Johnson (all of JPL, Caltech, Pasadena, CA
91103)

We have reexamined the existing ground-based
measurements of Io’s thermal emission at infra-
red wavelengths of 8.4 im, 10.6 um and
21 uym. We find present in these data the signa-
ture of "hot spots", presumably similar to those
seen by Voyager. It is possible to extract from
these data the total amount of power radiated.

Since the "hot spots" are believed to be a re-’

sult of deep seated activity in Io, and because
the remainder of Io’s surface is an extraordin-
arily poor thermgl conductor, the power radiated

by the "hot spots” is essentially the total heat

flow. Our analysis yields a heat flow of
2+ 1) x10° oW o 2 (also erg ca”? sec” ) which
in the usual heat flow units is (48 + 24 ueal

em™? gec™!. This value is tremendously large
compared to the Earth (1.5 ucal em”2 sec”!) and
the Moon (0.5 wupcal cm -2 l), but is

characteristic of active geothermal areas on the
Earth. A heat flow value this large rules out a
lunar-type model (i.e. a rigid sphere) for the
interior of To.
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TECTONICS ON EUROPA AND GANYMEDE

M.C. Malin (Department of Geology, Arizona
State University, Tempe, Arizona 85281)

Voyager spacecraft television observations
of Europa and Ganymede show landforms that
suggest tectonic processes. On Ganymede,
these processes include modification of im—
pact craters and formation of high albedo
grooved and ridged terrain. Evidence from
crater studies suggests that viscous relax-
ation plays an important role in producing
the observed size-frequency relationships.
Size-dependent relaxation is clearly seen in
examples where "small" (< 10km diameter)
secondary craters are well preserved around
"large" (> 150km diameter) primary craters
that have undergone significant modification.
A few crater-like forms show large domical
interior structures--a ring moat and dome
morphology suggestive of diapirism. Grooved
and ridged terrain develops at the expense
of older, darker, more heavily cratered
terrain. Little global organization or con-
trol is observed; in some areas a concentric
pattern of troughs has provided guidance to
groove and ridge development. Evidence of
the sense of movement (extension, compres-—
sion, normal) is poor. Alternatives include

extension with subsequent intrusion, exten-
sion with subsequent effusion, extension
with subsequent foundering, in situ founder-
ing, and intrusion controlled rifting with
transform faulting. Europa shows a global
pattern of 'dark" markings. These may be
either trough walls and floors showing sub-
tle photometric "shadowing", or trough walls
and floors displaying slightly lower albedo.
Much narrower linear and accurate ridge forms
show local, cuspate variations in plaimmetric
form. Both compression and extension are
apprently at work on Europa.
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PAULT OFFSETS AND PROPOSED PLATE MOTIONS
FOR EUROPA

Paul M. Schenk
Carl K. Seyfert (both at: SUNY College at
Buffalo, Buffalo, NY 14222)

Voyager 1T photography has revealed the
existence of strike-slip faulting on Europa.
The faulting is revealed by the measurable dis-
placement of two earlier fractures across the
fault trace, at approx. 168° W, 25° 5. 4 set
of sub-parellel 'grooves' are also offset, at
approx. 170" W, 23  S. The amount of the
fracture offsets and the maximum width of the
dark, wedge-shaped feature from which the fault
eminates are both 2543 KM. Here the ice crust
has been rifted apart and fault motion has
occured along the fragment contacts.

This fault opens into a second, dilating
fracture that is twice offset by featu.res
analogous to transform faults, at 174 W, 22 S,
and 176° W, 20° 5. Analysis of the motlons
along the transfo:m faults produced a ‘spreading
pole! at 175 W, 45 S for the rifting motions,

The above features result from the rotation
about the spreading pole of a large ice plate
southward from the main crustal shell. A
peculiar bright lineament marking the southern
boundary of the plate may be the compressional
component of this rotation. The lack of rift-
ing nearby and its strike radial to the
spreading pole support this suggestion.

We propose that this local rifting, plate
rotation and apparent compression defines a
Europa~style plate tectonic environment. The
localized nature of the rifting suggests thai
a small but powerful energy source, perhaps a
tidally driven, irregular volcanic plume(s),
is generating a rising convection pattern
beneath the fractured crust. The scalloped
ridges seen near the terminator are nearly
concentric about the proposed plume location
and may be additional compression features.
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MULTIRINGED BASINS: A MANIFESTATION OF THIN
LITHOSPHERE TECTONICS

H.J. Melosh (Dept. of Earth and Space Sciences,
SUNY Stony Brook, Stony Brook, NY 11794)

W.B. McKinnon (Div. Geol. and Planetary Sci.,
Caltech, Pasadena, CA 91125)

P. Winkelstein (Dept. of Earth and Space Sciences,
SUNY Stony Brook, Stony Brook, NY 11794)

Large impact basins are characterized by one or
more concentric mountainous rings. Although some
rings form relatively symmetric annular swells,
such as the inmer rings of Compton, others are
asymmetric, with steep inward-facing scarps and

gentle outer slopes. It seems plausible that these

asymmetric rings are due to normal faulting. The
sense of motion on these faults is such as to move
crustal rpcks radially inward toward the site of
the impact crater (which is consequently partly
filled), coupled with a rotation such that the
basinward side of the scarp is downthrown.

We show that this pattern is a direct comsequence

of the collapse of a crater when the excavation
depth is commensurate with the lithosphere of the
planet. Traction on the base of this lithosphere,
caused by flow of deeper lying asthenospheric
material toward the crater cavity results in
radial extensional stress and concentric normal
faults--the multiple rings.

The number and spacing of the rings is a function

of the crater diameter and lithosphere thickmess.
When the lithosphere thickness is comparable to
the crater diameter, the asthenosphere flow
pattern is strongly influenced by the rigid upper
layer and only one or a few rings form. When

the lithosphere is very thin and weak it cannot
influence the flow pattern and is passively frag-
mented by the inward movement of asthenospheric
material. Such a thin lithosphere may account
for the large number of rings around the large
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basins on Callisto. A thicker lithosphere
results in more "normal" multiple rings, such

as that surrounding the young basin on. Ganymede.
Multiple rings cannot form around a crater if
the lithosphere is too thick.
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WHOLE MANTLE CONVECTION, RADIOGENIC HEATING,
AND THE FLATTENING OF THE SEA FLOOR

W.R. Peltier (Dept. of Physics, University of
Toronto, Toronto, Ontario, Canada MSS 1A7)

G.T. Jarvis (Dept. of Physics, University of
Toronto, Toronto, Ontario, Canada M5S 1A7)

If the oceanic lithosphere is the thermal
boundary layer of the large scale convective
circulation in the Earth's mantle then its'
observed properties are highly diagnostic of the
manner in which the convective circulation is
driven. In particular, the observed variations
of heat flow and bathymetry as functions of
ocean floor age place strong constraints on
the extent to which the comnwvective circula-
tion could be driven by radiogenic heating
from within. Such models fit the observa-
tions best when whole mantle convection is as-
sumed, The implications of these results to
the problem of the Earth's thermal history
will also be discussed,

Planetary Surface and
Interior Processes
Queen’s Quay

Tuesday A.M.

Norman Evensen (Univ. of
Toronto), Presiding
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VIKING LANDER OBSERVATIONS OF RECENT CHANGES IN
THE MARTIAN SURFACE

8. D. Wall (Jet Propulsion Laboratory, Pasadena,
CA 91103)

K. L. Jones (Planetary Rsearch Inc., Pasadena,
CA 91106)

(Sponsor: David Thompson)

The Viking landers have observed the surface
of Mars for almost two Martian years since their
landings in 1976. Besides their extensive
visual, chemical and meteorological character-
ization of the areas, they have recorded notable
changes in the surface. The most catastrophic
change occurred at the lander 1 site where two
landslide slumps of fine-grained material were
seen, one quite recently. The nearer slump to
the lander revealed a parallel surface about 1
cm deep, implying that lateral structure exists
in the dust dunes. More significantly, the lack
of similar features predating the landing
implies that surface redistribution is sufficient
to cover such events. A second change, seen at
both sites is a general increase in albedo and
redness of the surface.

At the lander 2 site a white condensate was
observed to appear and disappear during both
winters over a 250-sol period. The ground became
white as temperatures reach CO, saturation point,
but the condensate persisted long after tempera-
tures rose to minima of 175 K, suggesting the
involvement of small amounts of H,0. Multi-
spectral and photometric data weré acquired and
will be compared with temperatures and pressures.
Color changes as the condensate disappeared
suggest that dust may have been deposited simul-
taneously.

This abstract presents one phase of research
at the California Institute of Technology, Jet
Propulsion Laboratory, sponsored by the Mars Data
Analysis Program under NASA contract NAS7-100.

P 46

SAPPING PROCESSES IN MARTIAN AND TERRESTRIAL
VALLEYS

J.E. Laity (Jet Propulsion Laboratory, Caltech,
Pasadena, CA 91103)
(Sponsor: David E, Thompson)

Sapping has been proposed as an important
mechanism for valley extension on Mars and in
some terrestrial valley systems which exhibit
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similar network pattern and morphology. Sapping
is a process by which valleys extend headward or
slopes retreat owing to the collapse of valley
walls following the undermining of basal support.
Field work is in progress to investigate opera-
tive sapping processes for canyon formastion on
the Colorado Platesu, Tributary valley systems
there are morphologically anslogous to martian
valley systems based on a similarity of network
patterns, amphitheater terminations of first
order tributaries, large scale, and evident
structural control, Sapping appears at least as
important as the local intermittant fluvial ero-
sion in extending and modifying these valleys.

Seepage and sapping along canyon walls operstes
largely as a mass movement phenomenon, similar te
scarp retreat, but may exploit zomes of struc~
tural weakness such as joints, Large-scale
regional joint sets increase the permeability of
the sandstones and serve as pipes for laterally
flowing groundwater. Water emerges at a seepage
point in the cliff face, often at zn alcove, and
the canyon migrates headward along the joint line
as sapping undermines the steep cliff faces and
causes collapse of massive sandstone slabs.
Canyon cutting along regional joint systems sti-
mulates exfoliation joint development which helps
maintain the steepness of the canyon wall, The
exploitation of drainage basin area by canyon
networks according to orientation and other struc-
tural and lithologic controls will be discussed
as well as available data to comstrain the process
on Mars,
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LONGITUDINAL GROOVING IN MARTIAN OUTFLOW CHANNELS

D.E. Thompson (Jet Propulsion Laboratory, Caltech,
Pasadena, CA 91103)

Linear fluid instability analysis has been
developed to test the growth or decay of longi-
tudinal helicoidal perturbations imposed at the
base of fluids of exponentially stratified vis-
cosities., It is assumed that growth of such
perturbations can lead to secondery flow patterns
at the fluid base in the form of large roller
vortices which have the potential of eroding and
forming the longitudinal grooving end fluting
patterns observed in channel bottoms of major
outflow channels on Mars. By assuming an arbitra-
ry but exponentially stratified viscosity profile
in the fluid, the propensity for growth of the
vortex pattern can be linked to specific types of
fluids, and thus particular fluids can be classi-
fied according to their ability to erode or carve
the observed features under Martian conditionms.
The particular problem solved identifies the type
of fluid necessary to carve the fluting pattern
in & region of converging flow in Tiu Vallis,
Mars.

Results indicate that in Tiu Vallis, the grooves
could be formed most reasonably by vortex motion
in a mudflow or debris-laden slurry. The source
of the debris flow would be the chaotic collapse
terrain just upstreasm of the observed features.
Characteristic velocgfies of anywhere between
1lems to 100 m s would correspond to
Reynolds numbers in the growth range of the
vortex perturbations jidentified on the resulting
stability diagram. Similar vortex motion is
found to develop in pure water, lava, or even
ice, but the actual Reymolds numbers necessary
to allow growth of the flow pattern are unreason-
able in these fluids according to hydraulic
constraints and channel characteristics observed
in Tiu Vallis.
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BISTATIC RADAR STUDIES OF MARS

Richard A. Simpson (Center for Radar Astronomy
Stanford University, Stanford, CA 94305)
G. Leonard Tyler

Radiowaves (at 0.13 m wavelength) were trans-
mitted from the Viking Orbiters, scattered from
the surface of Mars, and received on earth
during the 1977-78 opposition. These provide
information on the dielectric constant and
roughness of the planet's surface at scales of
tens of centimeters to about one hundred meters.
The oblique yeometry for this experiment per-
mitted forward scattering studies of Mars' sur-
face at Tatitudes well removed from the +25°
band to which earth-based observations are 1lim-
ited. The results show the remainder of Mars'
surface to be varied, but apparently within the
bounds established for the equatorial region
from the earth-based orbservations. The north
polar cap, for example, has variable roughness,
but a typical value for rms surface tilt lies
within the 1-4° range. This suggests that what-

ever processes form and shape the cap, the
structure which remains is similar to that of
the smooth rock and soil plains found elsewhere
on the planet.
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LACK OF MINERALOGIC CONTROL ON SOLAR WIND
IMPLANTED ELEMENTS (SWE) IN LUNAR SOILS

Abhijit Basu (Dept. of Geology, Indiana Univ.,
Bloomington, IN 47405}

Experiments have shown that SWE retentivity of
minerals vary considerably (< X100). Therefore,

-s07ls with different mineralogic compositions

(Mc) can have different concentrations of SWE
despite similar irradiation. If so, the use of
SWE in determining exposure ages, etc. of Tunar
soils, meteorites and parent body regoliths
should be corrected for Mc of the target. How-
ever, because monomineralic rocks are rare and
because impacts tend to homogenize regoliths, the
effects of differential SWE retention in reality
may be less than expected. The total concentra-
tion of SWE in any soil is composed of a volume-
and a surface-correlated component (Ct=Cv+Cs).Cv
is due to preirradiation and cycling, and is
nearly independent of in situ irradiation. Cs
is, therefore, most sensitive to Mc.

Linear regressions were performed on the size-
ggneentration data of. 22 Tunar soils for e, ¢,
Ne, 36Ar, 84r and 132xe to obtain Cv by the

ordinate-intercept method; Cv was accepted only
if r > 0.90. Ct being known, Cs was obtained
from Cs=Ct-Cv. Mc of these soils (90-150um frac-
tion) were recalculated on an agglutinate + soil
breccia free basis to avoid effects of recycling.
Multiple regression analyses and F-tests show
that there is no statistically valid correlation
between Mc and either Cs or Ct of any of the SWE.
This suggests that either (a) the ordinate-inter-
cept method fails even to approximate Cv, or (b)
the differentially retained SWE is not only in

Cs but is substantially in Cv due to diffusion

of SWE into the interior of minerals, or (¢)
impact homogenization of planetary regolith ob-
scures the effects of differential retention.
Available size-concentration data do not appear
to support the first two possibilities. Therefore,
the current practice of using SWE abundance for
estimating exposure ages etc. with complete dis- -
regard to the mineralogic compositions of targets
is quite valid.
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VERY LARGE TERRESTRIAL CRATER FORMATION
RESULTING FROM THE IMPACT OF AN APOLLO ASTEROID*

Jon B. Bryan, Donald E. Burton, and Lloyd A.
Lettis Jr.,

(Earth Sciences Division, Lawrence Livermore
National

Laboratory, P O Box 808, Livermore, CA 94550)

Recently Alvarez et al. hypothesized that
solar obscuration resulting from the impact of
an asteroid was responsible for the Cretaceous-
Tertiary extinction about 65 million years (my)
ago. They estimated that this Apollo object
was about 1043 km in diameter and produced a
175 km diameter crater. Such a crater would be
larger than the largest recognized terrestrial
eraters,2 at Sudbury, Ontario, Canada (age:
18404150 my) and Vredefort, South Africa (age:
19704100 my), each 140 km in diameter.

We are applying the computational approach
used in modeling the formation of the Barringer
Crater to this large impact.3 Impact condi-
tions include a mass of 2.1x1015 kg and a
velocity of 25 km/s, corresponding to a kinetic
energy of 6.6x1023 J (about 160 teratons).

The amount of material injected into the
stratosphere by such an impact is of particular
interest in the Alvarez hypothesis, and will be
modeled, as well as crater formation.
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STAIRCASE ARGON SPECTRA FROM TERRESTRIAL MELT
ROCKS

R.J. Bottomley (Walla Walla College Marine
Station, Anacortes, WA 98221 )

D. York (Dept. of Physies, Univ. of Toronto
Toronto, Canada M5S 1A7)

Ideal melt rock from a terrestrial impact
erater should be totally reset by the impact,
and when dated by 40Ar-39Ar techniques should
yield a plateau. Results will be presented from
several craters of unknown age in which the
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spectra do not define plateaux. Samples of melt
rock from Strangways crater in Australia and
Saaksjarvi crater in Finland show a monotonic
increase in age with increasing release temper—
ature. This appears to be the melt rock equiva-
lent of the partial thermal overprinting expected
on theoretical grounds in rocks of normal lithol-
ogy in which only the low temperature sites are
completely reset. Although this phenomenon
complicates the straightforward application of
argon dating to some melt rocks, a maximum age
for the cratering event can often be obtained
from the datum.
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CONSTRAINTS ON THE COMPOSITION OF MARS

Kenneth A. Goettel, Dept. of Earth and
Planetary Sciences and McDonnell Center for
the Space Sciences, Washington University,
St. Louis, MO 63130

Models for the density distribution within
Mars were computed by numerical integration of
the equations of hydrostatic equilibrium, using
values of 3.933 g/cm3 for the mean density and
0.365 for the moment of inertia factor of Mars.
Cores of composition Ni, Fe, Fe30q, and FeS were
considered: corresponding core radii range from
1315 to 1890 km, with core masses ranging from
13 to 26% of the mass of Mars. Calculated
central pressures range from 365 to 445 kb.
Calculated, zero-pressure densities,
corresponding to the range of core compositions
considered, range from 3.47 to 3.41 g/ecm3. For
a given core composition, the uncertainty in the
calculated mantle density is estimated to be
about 0.05 g/cm3.

These revised estimates of the density of the
mantle of Mars differ significantly from earlier
estimates, and thus necessitate re-examipation
of models for the composition of the mantie of
Mars and models for the bulk composition of Mars.
These density results are consistent with Mars
being composed of the solar proportions of
major, rock-forming elements (Mg, Si, Fe, S, Ca,
Al, Na). With this bulk composition, about 30%
of the total Fe in Mars is present as FeQ in
mantle silicates, with the remainder present as
Fe metal or FeS in the core. The mantle of Mars
appears to be enriched in Fe0 relative to the
terrestrial mantle, but the degree of enrichment
is Tess than previously estimated. Work in
progress includes assessment of the implications
of these results with respect to the mineralogy
and petrology of the Martian mantle and
evaluation of other composition models which
are consistent with these density results.
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SEISMIC ENERGY RELEASE OF ‘THE MOON

Neal R. Goins (Mobil Research and Development
Corp., P.0. Box 900, Dallas, TX 75221)

Anton M. Dainty (Division 6f Gegphysical
Seiences, Georgia Institute of Technology,
Atlanta, GA 30332)

M. Nafi ToksBz (Department of Earth and
Planetary Sciences, M.I.T., Cambridge, MA
02139)

Previous estimates of the seismic energy
released by lunar events have not properly
accounted for instrument bandwidth, variations
in corner frequency, and the effects of the
strong near-surface scattering layer. Equations
that include the effects of these factors have
been developed and applied to the seismograms
and displacement amplitude spectra from both
near-surface and deep moonquake events. The
results are values for M, (seismic moment),

Bs (séismic energy release), Eyr (seismic
energy released annually by each event class),
Ag (stress drop), and mp (equivalent Richter
magnitude)., Several different approaches are
used in deriving the necessary equations .
including a strong scattering formalism, and the
various results are in close agreement. The
calculated values indicate that overall lumar
energy release is totally dominated by the
shallow events (Eyr v 2 x 1017 ergs/yr for
shallow events vs. Eyr v 8 x 1013 ergs/yr for
deep events). In addition, the deep event
energy release is easily accounted for by tidal
energy dissipation, and the deep event stress
drops (largest values 4 0.8 bars) are comparable
to the calculated tidal stresses. The overall
seismic energy release of the moon is about 9
orders of magnitude less than that observed
terrestrially. In contrast, the heat flow
energy of the two planets is within two orders
of magnitude, illustrating that the seismic




S EOS, vol. 61, no. 17, April 22, 1980, page 288

characteristics of a planet are controlled more
by tectonic state and style than by relative
magnitude of driving forces.

P 54

DISTRIBUTION OF K AND Cs BETWEEN IMMIS-
CIBLE LIQUIDS IN THE SYSTEM Fe-S5-8i-0
TO 45 KB WITH PLANETARY APPLICATION

Wuu-Liang Huang (Lunar & Planetary Ins-
titute, Houston, Texas 77058)
(Sponsor: Richard J. Williams)

The melting relations and distribution
of K and Cs in portion of the system has
been determined at high pressures. In
contrast with the phase relations at 1
atm, ferrosilite is stable as a primary
phase at high pressures, because of the
incongruent melting of ferrosilite to
quartz plus liguid, and the boundary
between the one- and two- liguid fields
on the join F 0-FeS-8i0, shifts away
from silica wl%h increasing pressures.

If the effect of pressure on the compo-
sition of immiscible liquids can be ex-—
trapolated to the pressure at the mantle
-core, a dense, immiscible Fe-S-0 liquid
sinking through a silicate mantle should
not carry appreciable amounts of silicon
with it. The significance of K to the
thermal history of the outer core has
been widely recognized. In the present
study, K has been found to have limited
solubility in metal sulfide liquids at
pressures up to 45 kb. The speculation
(Carmichael & Budowinski,1979) that K
may dissolve significantly in metal-
metal sulfide liquids after undergoing
first order isomorphic transition has
been tested by determining the distri-
bution of Cs between sulfide ang sili-
cate liquids as an analogy to K. At 45
kb, 1400°C and 27 kb, 1300°C only limited
amount of Cs has been detected in guench
sulfide liquids even at pressures beyond
the isomorphic transition of Cs. If Cs
is a good analogy to K and the high pres-
sure element distribution are quenchable,
then these results suggested that the
isomorphic transition in K may not in-
creasé its solubility in metal sulfides.
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ALBERTA ROCKY MOUNTAIN EARTHQUAKE
SWARM: PRELIMINARY RESULTS

€. Rebollar and E.R. Kanasewich
(Dept. of Physics, University of
Alberta, Edmonton, Canada T6G 2J1)

E. Nyland (presently at L.G.P.P.,
University of Califormia, La Jolia,
California 92093)

Since January 1976 the Edmonton 6
compenent (3 short period and 3 long
period) digital station has been
registering a swarm of small earth-
quakes that seem to originate about
190 km SW of Edmonton. Because of
lack of coverage by nearby stations it
is not.possible to obtain extremely
precise locations. However, teleseis-
mic epicenter locations lie roughly
within 52.26+.38°N and 115.22%.13°W,
Magnitude of the events is usually less
than 4.5 M1. From a flat layer model
for Southern Alberta travel time

curves were made for different source
depths. Very clearly differences of
§-P, S-Sn and P-Pn indicate source
depths of 28+4 km. Spectral analysis
is currently uanderway to determine
source parameters,
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SEISMICITY OF THE OROZCO FRACTURE ZONE:
OVERVIEW OF THE PASSIVE PHASE OF ROSE

Project ROSE scientists®

We present locations calculated for approxi-
mately 50 earthquakes which occurred along the
Orozco Fracture Zone during the period of ROSE
ITI (Rivera Ocean Seismic Experiment - Leg II).
Locations were calculated using the HYPOINVERSE
program developed by the USGS. Arrival times
recorded by 26 ocean bottom seismometers belong-
ing to eight institutions were used to locate
the events. Although most events were not well
recorded at all stations, 17 locations were cal-
culated using at least 10 readings. All loca-~
tions are considered accurate to within, at
worst, a few kilometers.

The zone of tectonic activity defined by the
seismicity is confined to what one would expect
to be the active portion of the transform and
confirms and further defines the complex tec-
tonic pattern suggested in a preliminary study
which used a subset of the current dataset
(Tréhu et al., 1979). The majority of the
events define a narrow line of activity parallel
to the current spreading direction and situated
along & topographic trough. Another zone of
diffuse activity marks an offset in the trans-
form and indicates a complicated tectonic regime.
Mest of the events are shallow and appear to be
crustal.

¥Project ROSE scientists are from the follow-
ing institutions: University of California at
Santa Barbara, University of Hawaii, Instituto
Oceanografico (Manzanillo), Lamont-Doherty Geo-
logical Observatory, Massachusetts Institute of
Technology, Naval Ocean Research Development
Agency, Oregon State University, Scripps Insti-
tution of Oceanography, University of Texas at
Galveston, University of Washington, Woods Hole
Oceanographic Institution.
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SEISMIC RUPTURE PATTERNS IN OAXACA, MEXICO

F. Tajima and K. McNally (both at Seismological
Laboratory, 252-21, California Ipstitute of
Technology, Pasadena, California 91125)

The seismic activity and patterns of large
earthquake occurrence have been investigated
for the region of the Oaxaca, Mexico earth—
quake (Mg = 7.8, 20 Nov. 1978), and adjoining
areas for the period 1964 to 1973. The JHD
method was employed to relocate the hypocen—
ters of earthquakes using the Oaxaca mainshock
as the calibration event. The relocated
hypocenters show reduced scatter with greater
concentration along the coast of Mexico near
the Middle America trench. We have also found
that the standard single event locations cause
aftershock areas to be enlarged by about 30%.
Large earthquakes which ocecurred in Oaxaca in
1965 and 1968 have been relocated by about
45 km at N15°E and 60 km at S50°W respectively,
to the original epicentral determinatioms.
These improved locations allow better defi-

nition of seismic gaps and slip calculations.

It appears that two sections of the fault in
Oaxaca may remain unbroken by the recent
earthquakes in 1965, 1968, and 1978. Further-
more, the seismic slip in these events is less
than half that calculated for each of the major
sequences in Oaxaca at the turn of the century
in 1899/1903 and again in 1928/1931. The
relocations also indicate that faulting in
this area is bilateral as opposed to updip
unilateral propagation typical of subduction
zones elsewhere.
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THE SEISMICITY OF THE GULF OF MEXICO

C1iff Frohlich
David B. Dumas {University of Texas Marine
Science Institute, Galveston, Texas 77550}

The Gulf of Mexico is not truly aseismic, as
precisely four earthquakes have been Tocated
within the central portion of the Guif in the
past 20 years. All the events are quite small,
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with magnitude of 5.0 or less. However, for the
event of 24 July 1978 (080613.2, 26.50N, 88.78W

=4.9), it has been possible to determ1ne both
1%5 focal depth (15 km) and its focal mechanism
(see figure below).

The focal depth has been determined from the
presence of a water surface reflected phase
(pwP) which arrived 10 to 11 sec after P and was
clearly recorded on short period vertical
seismographs at more than 15 stations. The
polarity of this phase is opposite from the
polarity of the initial P phase on all available
high quality records. A depth of 15 km places
this event just above the Moho as determined
from vrefraction studies in this region.

Clear first motions could be determined from
about a fifth of the available short period
records, and only these were used to determine
the focal mechanism. Although only one of the
focal planes is well-determined, all possible
mechanisms have a strong thrusting component.

Multichannel refiection Tines in this region
show only flat-lying sediments, with almost no
indication of any faulting or tectonic activity.
There is some evidence that the Gulf events
occur along zones of weakness associated with
Mesozoic rifting.

Equal area Q
Tower hemisphere

projection
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A MICROEARTHQUAKE STUDY OF THE PLATE BOUN-
DARY, NORTH ISLAND, NEW ZEALAND

M. Reyners (Lamont-Doherty Geological Obser-
vatory of Columbia University, Palisades,
New York 10964)

(Sponsor: Paul G. Richards)

The seismicity, structure and tectonics of
the Indian/Pacific plate boundary in the North
Island of New Zealand have been studied by
means of a 210 km-long microearthquake
traverse oriented in the direction of a dip of
the subducted Pacific plate., The geometry of
the top of the Pacific plate is inferred from a
band of concentrated microearthquake activity
approximately 10 km thick which is identified
with the crust of the plate. The Pacific plate
has two knee-like bends, one where the top of
the plate is about 25 km deep, the other below
the volcanic front, where the plate is about
70 km deep. Fault plane solutions indicate
that seaward of the shallower bend the Pacific
plate is being 1loaded by the Indian plate,
whereas landward of this bend the Pacific plate
is sinking under its own weight.

A lack of microearthquakes in the Indian
plate below the trenchward half of the traverse
is related to the Indian and Pacific plates
being currently unlocked, Below the other half
of the traverse microearthquakes in the Indian
plate are concentrated in the 25-42 km depth
range, shallower activity being largely con—
fined to the vicinity of the volcanic front.
Fault plane solutions suggest the 25-42 km-
deep activity results from stresses set up by
locking and unlocking of the plates, while the
shallower activity results from local stresses
related to volcanic phenomena.

S

SPACE-TIME DISTRIBUTION  OF SHALLOW AND
INTERMEDTATE EARTQUAKES 1IN THE NEW HEBRIDES
ISLAND ARC

J-M. Marthelot

B.L. Isacks (both at: Dept. of Geological
Sciences, Cornell University, Ithaca, NY 14853)

An analysis of the space-time distribution of
PDE locations along the New Hebrides disland arc
since 1961 reveals two well defined zomes with an
anomalous rate of activity several times higher
than average for the depth range considered. The
first zone, at depths less than 70 km, coincides
with the interruption of the trench north of
Efate and with a gap of intermediate seismicity.
Its rate of earthquake occurrence has been
remarkably uniform for the last 18 years, in
contrast to other parts of the arc where temporal
changes are related to major sequences of thrust
events. As this zone  is a gap for major
earthquakes, the anomalous activity may -  be
related to creep at the plate boundary; another
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possibility is that this boundary is locked in
the precursory stage of a major thrust sequence.
However a precursor time of 18 years would imply
an earthquake with a magnitude larger than that
observed in the past in the New Hebrides.

The second zone, at depths between 70 and 200
km beneath Santo, corresponds to the down-dip
extrapolation of the d’Entrecasteaux fracture
zone- It shows a clear increase of activity
which starts 1 year after the major shallow
thrust sequence of August 1965 in South Santo and
lasts almost to the time of the adjacent major
thrust sequence of December 1973- January 1974 in
North Santo. A large intermediate earthquake
with an  unusual mechanism indicative of
transverse faulting in the slab occurred in this
zone during the period of high activity. The two
adjacent thrust sequences and the intermediate
depth activity may thus be closely related,
possibly through diffusion of a stress pulse away
from the August 1965 sequence.
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AFTERSHOCKS OF THE PETATLAN, MEXICO, EARTHQUAKE
OF 14 MARCH 1979 (Mg = 7.6)

F.R. Zéiiga

C.M, Valdés (both at Instituto de Ingenieria,
UNAM, México 20, D.F., México)

R.P. Meyer (Geophysilcal & Polar Research Center,
University of Wisconsin, Madison, WI 53706)

J. Havskov

S.K. Singh (both at Instituto de Ingenieria,
UNAM, México 20, D.F., México)

About 300 events covering a period of 30 days,
recorded on 10 digital, 5 analog tape, and 4
smoked-paper seismographs have been analyzed
to determine the aftershock sequence of the
Petatlan earthquake. Aftershock areas for the
first 54 hours, first 5 days, and first 30 days
are: 1400 km? (44 x 32 km), 2200 km? (55 x 40
km), and 3850 km? (70 x 55 km), respectively.
The area grows landward with time, with its
major axis parallel to the coastline. The PDE
epicenters for major aftershocks are displaced
by 25-80 km, all lying east of the epicenter
determined from the field array. The b-value
is about 1.6. Projected on a line N 20° E
{parallel to the trench) the hypocenters
define a dip of about 30°.
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AFTERSHOCK SURVEY OF THE 1978 BERMUDA
RISE EARTHQUAKE

S.P. Nishenko (Lamont-Doherty Geological Obser-
vatory of Columbia Univ. and Dept. of Geol. Sei.,
Palisades, New York 10964)

G.M. Purdy

J.I. Ewing (both at: Woods Hole Oceanographic Insti-
tution, Woods Hole, Massachusetts 02543)

The Bermuda rise earthquake of March 24, 1978
(0.T. 0042 36.30; m, 6.1) occurred 380 km southwest
of Bermuds in seafloor of Mesozoic age (near
anomaly M4, ~118 mybp). The teleseismic location
and focal mechanism studies indicate that the event
oceurred along a northwest trending fracture zone,
near the M11-M4 spreading discontinuity associated
with the opening of the south Atlantic.

We conducted an aftershock survey for this event
during June 19-28, 1978 using a tripartite array of
ocean bottom hydrophones. Over 150 events,
0 <m_ <2, were recorded during the ten day period.
Larger events detected by the array locate in a tight
cluster at a depth of 10 to 12 km in the vicinity of
the teleseismic main shock loeation.
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LOCATIONS AND MECHANISMS FOR AFTERSHOCKS OF
THE JANUARY, 1980, LIVERMORE, CALIFORNIA,
EARTHQUAKE SEQUENCE*

Jogeph M. Mills, Jr., Frederick E.
Followill, Robert F. Rohrer (University of
California, Lawrence Livermore Laboratory,
Livermore, CA 94550)

The principal shocks and aftershocks of the
January, 1980, Livermore, Galifornia,
earthquake sequence appear to be clustered
into at least three epicentral regioms.
Permanent and portable three-component digital
seismic stations provided horizontal and
vertical ground motion data for P- and S-wave
forms. The focal mechanisms of this sequence

indicate predominantely strike-slip motion.
Relocation of these events indicates .activity
on more than one fault during the first few
weeks following the principal earthquakes
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A REINTERPRETATION OF THE MEIZOSEISMAL
AREA OF THE 1886 CHARLESTON EARTHQUAKE

David C. Amick (Ebasco Services Inc., 2211 W, Meadowview
Rd., Greensboro, North Carolina 27407)

(Sponsor: Umesh Chandra}

Initial . investigations - following the Charleston earth-
quakes of August 31, 1886, indicated two areas of MM inten-
sity X damage. Based upon this data, Dutton postulated two
“Epicentrums” for the Charleston earthquakes, This idea has
been rejected by various authors who suggest a northeast-
southwest trending basement fault connecting Dutton’s two
“epicentrums”, Epicenter trends, focal mechanisms and iso-
seismic investigations for recent Charleston events indicate
reverse faulting along northwest striking planes. Therefore,
an apparent discrepancy exists between historical and recent
data,
On December 15, 1977, at 0715 (UCT), a magnitude
2.0 earthquake occurred in the Charleston-Summerville
region. This event was followed twelve hours later by a mag-
nitude 2.7 earthquake that was felt locally with a maximum
intensity of V. Five hours after this felt event, four Spreng-
nether MEQ-800 portable seismographs were deployed in the
epicentral area to supplement the stations of the South Caro-
lina Seismographic Network and Charleston-Summerville
“Mini-network”. During the next four days, this expanded
network recorded additional events. A total of six events
(M 1.7 - 2.7) were recorded. These six earthquakes origi-
nated from two distinct source areas. The events of Decem-
ber 15 and 20, 1977, lie along the northwest epicenter trend
defined by other instrumentally located Charleston-
Summerville events. Focal mechanisms for these events indi-
cate reverse faulting along a northwest striking plane. Iso-
seismal data for the felt event also exhibits a northwest-
southeast trend, The events of December 16 and 18, 1977,
originated 25 kilometers to the southwest and the prelimi-
nary hypocenters preclude the possible association of these
events with the fault plane defined by the Summerville
events. The two source areas are located very near Dutton’s
“epicentrums” of the 1886 Charleston earthquake. This
tends to support Dutton’s original contention that two
epicenters exist for the Charleston events,

sl

SEISMICITY, EARTHQUAKE MECHANISMS AND
TECTONICS OF IRAN

Umesh Chandra (Ebasco Services Inc., Boone
Building, 2211 West Meadowview, Greensboro,
North Carolina 27407}

Regional epicenter maps and focal mechanism
solutions of earthquakes were used to investigate
the tectonics of Iran. In general, the seismic
activity in Iran follows closely the trends of
three major mountain belts, Caucasus-Kopet Dagh,
Elburz and Zagros ranges. Also a northwest trend
across the Central Iranian Plateau, with no known
structural relationship is observed. There is
some suggestion of possible trends transverse to
the Zagros trend. The most notable of these is
a NNE trend (about 50 km wide and 250 km long)
whose southern end lies in the strait of Hormuz.
Significant earthquake activity occurs in the
northern part of the Lut Block and along its
eastern boundary.

Focal mechanism solutions show thrust faulting
along the general trend of the Elburz ranges.
Thrusting motion is also noted along northwest
faults in the region of convergence of Elburz
and Kopet Dagh ranges. A predominance of north-
west thrust faulting is also noted throughout
the entire stretch of the Zagros Folded Belt.
The seismic activity west of 49°E, occurs mainly
along the northwest striking, right lateral Main
Recent Fault rather than on the nearby Main
Zagros Thrust. The arching up of geological
formations along a NNE axis, BNE alignment of
epicenters and focal mechanism solutions near
Bandar Abbas and north of it, suggest that the
colliding edge of the Arablan plate in the
region north of Oman Peninsula is in the form of
a projected promontory. The focal mechanism
solutions confirm a trench-arc subduction zone
along the Makran continental margin.
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RAMPART SEISMIC ZONE OF CENTRAL ALASKA

P. Yi-Fa Huang (Dept of Earth and Planet.
Sciences) M. I. T., Cambridge, Mass. 02139

N. N. Biswas (Geophysical Institute)
University of Alaska, Fairbanks, Alaska 99701

The characteristics of the Rampart seismic
zone located in central Alaska is being inves-
tigated from the aftershock sequence of Rampart
earthquake (M, = 6.8) of 1968. The magnitude
of the aftershocks ranged from 1.6. to 4.89 which
yielded a b-value of 0.96x0.09 and outlined a
NNE-SSW oriented aftershock zone of about 200 km
Tong and 10 km wide. .The zone is marked by
crustal and subcrustal hypocentral distribution
along a plane dipping steeply (x 84°) towards
west. .

Fault plane solutions for the aftershock
sequence show an initfal strike-slip motion
followed by normal faulting. The trend of
the after shock zone does not follow either
any mapped trace of faults through the area
or any lithologic interface of significance.
Further, as the Rampart seismic zone lies
outside the area of lithospehric plate sub-
duction in interior Alaka, it is interpreted
to represent the formation of a relatively
new intraplate fracture caused by regional
northwest compression.
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VERTICAL CRUSTAL MOVEMENTS IN THE VICINITY OF
THE 1931 VALENTINE, TEXAS, EARTHQUAKE

James F. Ni (Department of Geological Sciences,

Cornell University, Ithaca, N.Y. 14853)
Robert E. Reilinger, and Larry D. Brown

Deformation possibly related to an earthquake
in Texas has been revealed from analysis of pre-
cise leveling data collected by the National
Geodetic Survey. Relative elevation changes de-
duced from first-order leveling surveys con-
ducted between 1910 and 1957 show. that at least
two areas in western Texas near the epicenter of
the 1931 Valentine earthquake (M = 6.4) subsided
relative to their surroundings. Observed sub-
sidence east of Van Horm, Texas, is attributed
primarily to the combined effects of groundwater
withdrawal and topography-related survey errors.
In contrast, relative subsidence near Valentine,
Texas, of 11.2 + 1.0 cm extending over a dis-
tance of about 20 km does mot appear to be due
to either near-surface effects or leveling errors
and thus may represent tectonic deformation.

The spatial pattern of the observed subsidence
near Valentine is generally consistent with that
expected for normal faulting along an approxi-
mately NW-SE-striking, west-dipping, buried
fault, although no such fault has been identi-
fied at the surface. This orientation and sense
of movement is consistent with regional E-W ex-
tension and with the first P motions reported
for the Valentine earthquake, If the observed
subsidence was caused by the 1931 earthquake,
the leveling data suggest that the epicenter for
this event lies considerably closer to Valentine
than originally reported.
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HINGE FAULTING AND ITS CORRELATION WITH
SURFACE GEOLOGY IN NORTHERN COSTA RICA

H. B. Liaw
T, Matumoto (all at: Marine Science Institute,
University of Texas, Galveston, TX 77550)

A composite focal plane solution of nine well-
recorded microearthquakes has been determined be-
neath Nicoya Peninsula, Northern Costa Rica,
These earthquakes, presumably occuring along the
Benioff zone of the Cocos plate underthrusting
the Caribbean plate, were recorded by the Arenal
seismic network. This network is installed and
operated under a cooperative program between the
Instituto Costarricense de Electricidad and the
University of Texas since 1974, One of the fo-
cal planes strikin N67°E (dips 85 SE), agrees
with the trend N70'E delineated by the epicenter
distribution. We interpret this focal plane as
the fault plane of a hinge fault, This hinge
faulting and the aftershock pattern of the 1978
shock (M=5.7) suggests the Cocos plate is break-
ing beneath the Nicoya Peninsula. The surface
expressions of the overriding Caribbean plate
show close relationships with this breakage. On
the Nicoya Peninsula, there is a suggestion of a
series of parallel faults striking east-
northeasterly. Inland in Northern Costa Rica, a
structural discontinuity separates the Quaternary
volcanic range in the north from the Tertiary
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volcanic range in the south. Along the strike of
the hinge fault, the projection of it passes
through the discontinuity. Further north, the
projected line meets the Hess Escarpment of the
western Caribbean. Another structural discontin-
uity is observed 50 km SE of the aforementioned
discontinuity. Together with the higher~than-
normal seismic activity and the great shocks of
M=7.3 in 1939, thils second discontinuity indi-
cates another hinge faulting near the southern
end of the Nicoya Peninsula,

The study may suggest that the deep seated
fault of the overriding lithosphere created by
the offset of the subducting plate can propogate
upward to the surface and thus modify the surface
physiography; or that the inhomogeneity of the
overriding plate can control the faulting of the
subducting plate,

S 15

RELATION OF EARTHQUAKE FOCAL MECHANISMS TO TEC-
TONIC STRUCTURAL FEATURES OBSERVED ON SATELLITE
IMAGERY

S. S, Alexander, B. Lee and C. Petrus (Geo-
sciences Department, Geophysics Program,
The Pennsylvania State University, Univer-
sity Park, PA 16802)

Well-constrained focal mechanisms for earth-
quakes whose hypocenters are accurately estab-
lished have been correlated with satellite
images, especially LANDSAT, both for active
seismic areas such as Southern California and
for less active areas such as the eastern U.S.
Commonly there are spatially more sharply
defined structural features, distinctive
lineaments and intersections of them for
example, in association with recent seismic
activity, even when no surface faulting is
observed. We suggest that with the combined
interpretation of seismic and image data we
can better characterize the neo-tectonic
history of an area and possible identify locali-
ties where future activity will be concentrated.

In addition, the equivalent earthquake focal
mechanism for the "tectonic release' generated
by the largest French underground nuclear ex-
plosion detonated in the Hoggar granite in
Algeria is consistent with strike-slip movement
on a set of northeast trending linéar features
observed on LANDSAT imagery, rather than with
the major N-§ trending faults mear the test
site. The inferred maximum compressive stress
in this intra-plate area of Afriica is hori-
zontal and oriented approximately in a N8OE
direction.

Crustal Structure
Pier7 &8

Thursday P.M.

R. A. Young (Phillips
Petroleum Co.), and D. M.
Jurely (Princeton Univ.),
Presiding
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REGIONAL PROPAGATION IN THE USSR

I. Samowitz (Sierra Geophysics, Inc., Arcadia,
CA 91006)

Regional phases play an important role in
discrimination. By thoroughly investigating
the literature, the USSR has been regionalized
into 10 tectonic provinces. Types of data used
for the regionalization include crustal struc-
ture, seismicity, Moho properties, wave veloc—
ities, attenuation, regional phase propagation,
gravity, and upper mantle structure. Pn veloc-
ities varied from 7.6-7.8 km in the Baikal
Rift Zome (a region similar to the Basin and
Range Province) to 8.1-8.5 km/s in Kazakh.
Depth to Moho varied significantly, typical
values in the Pacific Transitional zone ranged
from 8-42 km while in Russian Central Asia
typical values ranged between 50-70 km.

Using simple sources, we have synthesized
seismic waveforms that propagate within these
tectonic regions in order to determine the

character of the waveforms at regjional distances,
primarily focusing on short period Pn, PL, and Lg.
The depth of the source has also been varied to
compare the effect of the hypocentral depth.
Regional WWSSN recordings from explosions in
Kazakh have been used to check the accuracy of
the synthetic seismogram calculationms.
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SEISMIC WAVE PROPAGATION IN
SOUTHEASTERN CHINA

J.J. Pulli (Dept. of Earth and
Planetary Sciences, Massachusetts
Institute of Technology, Cambridge,
MA 02139) (Sponsor: K. Aki)

As the first step in the study of
the seimicity of eastern China, we
have been investigating the
transmission properties of the
crust and upper mantle in this area.
The WWSSN stations CHG, SEO, and ANP
which border the area of interest
provide convenient observation
points for wavepaths crossing
eastern China and have been used
exclusively in this study.

Preliminary results indicate
that seismic velocities are
anomalously low in the area. For
example, we measured a Pn velocity
of 7.67 lm/sec, much lower than
the 8.1 km/sec Pn velocity found
in the eastern U.S.. Group
velocities of Rayleigh waves are
also low, for instance, 2.9 km/sec
at 20 sec and 3.3 km/sec at 30
sec. We have also found an
azimuthal variation of group
velocities for Rayleigh waves
arriving at CHG. Lg velocities
are also low, and measurements of
Lg attenuation has yielded a value
of anelastic attenuation of 0.007
Jm=l, This compares with a value
of 0.001 kn™l in the eastern U.S..

We are presently combining our
results from the various seismic
phases studied to form a model
of the crustal structure in terms
of the tectonic setting of the
area.
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CRUSTAL STRUCTURE BENEATH TURKEY

Nezihi Canitez

M. Nafi Toks®z (both at: Dept. of Earth
and Planetary Sciences, M.I.T.,
Cambridge, MA 02139)

Travel times and station residuals of
P-waves and phase and group velocities
of surface waves are used to study the
crustal structure and lateral hetero-
geneities. Average station residuals
of teleseismic P-waves are all negative
(early} in western and positive (late)
in eastern stations. Local travel times
give a Py velocity of 7.9 km/sec in
eastern and northern Turkey and 8.1
km/sec in western Turkey. The group
velocities of Rayleigh waves are higher
in central and eastern Anatolia than
those in western Turkey and the Aegean
region. 1In addition, there is a 120
mgal gravity anomaly across the North
Anatolian Fault Zone.

These data suggest there are ({(a)
strong lateral variations in the crust/
upper mantle structure between the
Aegean region (west) and central and
eastern Anatolia and (b) a strong
structural discontinuity across the
North Anatolian Fault Zone.
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CRUSTAL STRUCTURE OF THE NORTHEASTERN UNITED
STATES: CONTRASTS BETWEEN THE GRENVILLE AND
APPALACHTAN PROVINCES

Steven R. Taylor
M. Nafi ToksBz (both at: Dept. of Earth and

Planetary Sciences, M.I.T., Cambridge, MA
02139)

Average crustal models for the northeastern
United States are computed by combining P and S
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wave travel times from regional earthquakes with
surface wave dispersion data. The Precambrian
Grenville Province in New York State has a
relatively homogeneous crust with nearly con-
stant P and S wave velocities of about 6.6 and
3.7 km/s, respectively, and an average crustal
thickness of 37 km. The Paleozoilc New England
Appalachians have a slightly thicker (approx-—
imately 40 km) crust with two well-defined
layers. The upper crust in the Appalachians
shows relatively low P and S velocities of
about 6.1 and 3.6 km/s, respectively, to about
15 km where an abrupt increase to 7.0 and 4.1
km/s occurs. Both regions show similar Pp
velocities of approximately 8.1 km/s. A time
term analysis using Pp data shows that a
relatively thick or low velocity crust parallels
northeast-trending geologic structures and
Bouguer gravity lows in central New England.
The Grenville Province is mainly remobilized
older basement of Superior or Hudsonian age.
In contrast, the synclinoria in the New England
Appalachians contain deep water continental
rise or back arc basin metasediments which were
probably deposited on oceanic crust. Much of
the suture zone between the two belts is well
marked by a belt of serpentinites, a linear
gravity high and a rapid change in crustal
velocities. The observed differences in
structure between the two orogenic belts may
reflect contrasts in their tectonic evolutiom.
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SEISMIC CRUSTAL STRUCTURE NORTHWEST OF THUNDER
BAY, ONTARIO

Roger A, Young {Phillips Petroleum Company,
Bartlesville, 0K 74004)

Gordon F. West (University of Toronto, Toronto,
ONT M5S 1A7)

A crustal-scale seismic experiment on the
Precambrian Shield northwest of Thunder Bay,
Ontario, defines the velocity structure down
through the uppermost mantle. Fan surveys--
with ranges of 125 km and 200 km-- show both
a regional increase in average velocity which
correlates with the English River gravity high
and also travel-time delays which correlate
with mapped geologic features of more local
extent. Deep seismic sounding--employing large
open pit mine blasts recorded at ranges from
75 to 350 km-~shows clearcut Pg, Py, and Psm
first arrivals with apparent velocities of
6.34, 7.7, and 8.3 km s-1, respectively.
Travei-time modeling shows that a widespread
sub-Mohorovicic (SM) boundary exists at about
50 km depth., Synthetic seismogram modeling of
PMP amplitude and waveform characteristics re-
quires a lamellar crust-mantle transition zone
of appreciable thickness, perhaps a few kilo-
meters, A fundamental velocity of 6.0 km s~
characterizes the upper and mid-crust beneath
both gneissic and metavolcanic-plutonic terrain
requiring a predominant lithology more felsic
than basalt. In contrast, gneissic terrain
exhibits a two-layer crust with a high velo-
city lower crust; but metavoicanic-plutonic
terrain shows no Conrad discontinuity and a
Tow velocity lower crust.
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SEISMIC REFRACTION STUDIES OF LAKE SUPERIOR
CRUSTAL STRUCTIURE

J.H. Luetgert
R.P. Meyer (both at Geophysical &Polar Research

Center, Univ. of Wisconsin, Madison, WI 53706)

A series of seismic refraction lines shot in
Lake Superior has been analyzed using simple
travel-time inversion techniques extended by
laterally inhomogeneous ray tracing., The lines
were shot by a single ship firing airgunms and
explosives, with radio-controlled buoys as
receivers.

The upper 12 km of crust have been modeled,
showing the velocity distribution down to and
including the Upper Refractor, an anomalously
shallow, high-velocity (6.4-6.9 km/sec) suite of
refractors underlying the Lake Superior Basin.

Three profiles spanning the western end of the
lake confirm the essentially synclinal structure
of the crust suggested by the geology of the :lake
margins and by previous seismic measurements.

Travel-time offsets observed on many of the
profiles provide more precise definition of
crustal faulting inferred from extrapolation of
known faults on land and from gravity and aero-
magnetic surveys. There is evidence for exten—
sion of the Isle Royale fault to the west, for



extension of the Keweenaw fault to the east, and
for the existence of the postulated Thiel fault
roughly between the tip of the Keweenaw Peninsula
and the Slate Islands.
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STRUCTURE OF THE J-ANOMALY RIDGE, SOHM
ABYSSAIL PLAIN, AND NOVA SCOTIAN SLOPE AND RISE

W. J. Ludwig (Lamont-Doherty Geological
Observatory, Palisades, NY 10964)

B. E. Tucholke (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543)

The J-Anomaly is a high-amplitude magnetic
anomaly formed between anomalies MO and Mi. It
trends northeastward from the eastern end of the
New England Seamounts to the Newfoundland Ridge
south of the Grand Banks. Single~channel and
multichannel seismic reflection profiles show
that anomalies MO to M2 (including the J-Anomaly)
are associated with the crest of a basement ridge
now buried by turbidites of the Sohm Abyssal
Plain., The ridge slopes gently to the east, and
sharply to the west with several 0.5-1.5 km
scarps. Velocity structure beneath the ridge
crest is similar to that farther east beneath
the flank of the Mid-Atlantic Ridge, but the
ridge has an anomalously smooth upper surface
and distinet sub-basement layering. The thick-~
ness of sediments beneath the Sohm Abyssal Plain
increases westward from 0.7km over the J-Anomaly
Ridge to about 3.8 km in the central part of the
plain.

Beneath the upper continental rise off Nova
Scotia at a sea—floor depth of 4000 m, sediment
thickness increases to 8 km and reflection geo-
metry changes abruptly from flat-lying and lay-
ered to acoustically chaotic (the "sedimentary
ridge province"); this province is 75 km wide
and 1000 km long and hitherto has been attribu~
ted to piercement and deformation of strata by
salt diapirism. Detached diapirs are observed
in profiles made parallel to the lower slope,
but they do not constitute the entire structure
of the ridge, nor do they form a 'salt front'
near the 4000 m isobath. The overall structural
character of the province suggests compressional
deformation and uplift of rise sediments, possi-
bly caused by a short-lived episode of under-
thrusting north of the New England Seamounts.
Most diapirism may have occurred after these
compressional forces were relaxed.
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CRUSTAL STRUCTURE OF THE DEEP GULF OF MEXICO
FROM 0.B.S. REFRACTION AND MULTICHANNEL
REFLECTION DATA

A.K, Tbrahim

J. Carye

G. Latham (all at Univ. of Texas, Marine Science
Institute, Geophysics Lab., Galveston, Texas
77550)

Twelve reversed 110 km long refraction
profiles located in the deep Gulf of Mexico
provide a new set of data for interpreting the
deep structure and origin of the Gulf of Mexico.
The data were collected using ocean bottom
seismographs. Explosives ranging in size from
1 1b to 120 1bs were used as the source of
energy.

The data show up to 4 layers of sedimentary
rocks with total thickness of between 5 and 8
km and having layer velocities ranging between
1.8 km/sec to 4.7 km/sec. Underlying the
sedimentary section beneath most of the deep
Gulf is an intermediate layer with velocities
between 5.1 km/sec to 5.7 km/sec. Beneath the
intermediate layer is a crustal layer 5~6 km
thick with velocities 6.3-7.0 km/sec, overlying
mantle with velocities 7.8 and 8.2 km/sec.

These data confirm the previously held idea
suggested by earlier refraction data that most
of the deep Gulf basin is underlain by an
oceanic crustal layer.
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THE CRYSTAL STRUCTURE OF THE REYKJANES RIDGE
ar 59030'N

A.W.H. Bunch (Department of Geodesy and
Geophysics, University of Cambridge,
Cambridge CB3 CEZ, England)

B.L.N. Kennett (Department of Applied
Mathematics and Theoretical Physics,
University of Cambridge, Silver Street,
Cambridge CB3 9EW, England)
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In order to examine the development of the
oceanic crust in the neighbourhocd of a slowly
spreading ridge, a seilsmic refraction experiment
was carried out at 59930'N on the crest of the
Reykjanes Ridge. Three 120km long overlapped
split profiles were shot parallel to the trend
of the ridge, on the eastern flank, using up to
five recording sonobueys. The profiles were at
distances of O, 30 and 9Ckm from the ridge axis,
corresponding to approximate crustal ages of O,
3 and 9 Myr. Data from the main profiles were
supplemented by using a large chamber air gun
during the recovery of the buoys.

There is no indication of a significant magma
chamber at the ridge crest, although a slight P
velocity inversion in Layer 3 suggests a zone of
elevated temperature. Away from the crest there
was a slight positive velocity gradient in Layer
3. ZLayer 2 was most effectively modelled by a
region of varying velocity gradients, which
thinned with age and the transition to Layer 3
is marked by a sharp change in velocity gradient.
The transition to mantle velocities is also best
modelled by a high velocity gradient rathex than
an interface.

Although some lateral variation in properties
is apparent along the profiles, the lateral
velocity gradients were sufficiently weak to
allow an effective analysis in terms of
laterally uniform models.
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SEISMIC REFRACTION AND CONTINUOUS REFLECTION
PROFILES OVER THE NELSON FRONT

Z. Hajnal (Dept. of Geological Sciences,

Unfversity of Saskatchewan, Saskatoon, Sask.,
S7N OWO)

G.L. Cumming, E.R. Kanasewich {Dept. of Physics,
University of Alberta, Edmonton, Alta.,
T6G 2J1)
A.G. Green, J.A. Mair (Div. of Seismology,
E.M.R., Ottawa, Ont., K1A 0Y3), D.H. Hall
(Dept. of Earth Sciences, University of
Manitoba, Winnipeg, Man., R3T 2N2), R.F. Mereu
(Dept. of Geophysics, University of Western
Ontario, London, Ontario, N6A 5B7)*

*

participating members of the CO-CRUST .
Consortium for Crustal REconnaissance Using
Seismic Techniques)

The Nelson Front represents the geologically
and geophysically recognizable contact zone
between the Churchill and Superior geologic
provinces in the Canadian Shield. In the
southern part of the zone, four refraction
profiles indicate that the crustal thickness
varies from 41 km in the Superior province
to 48 km in the Churchill province. Nearly
vertical reflection profiles reveal a multi-
layered crust and exhibit patterns indicative
of deep-seated crustal faults, providing
evidence that the entire crust is disturbed in
the boundary zone. Geophysical results show
that the front is at least 250 km wide,
significantly wider than is estimated from
surface geology.
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SEIMSIC IMAGING OF THE ELBERTON GRANITE, USING
COCORP SOUTH APPALACHIAN DATA

Donna M. Jurdy

Robert A. Phinney (both at Department of
Geological and Geophysical Sciences, Princeton
University, Princeton, New Jersey 08544)

The COCORP seismic reflection lines pass
through the Blue Ridge and Inner Piedmont
provinces to the Kings Mts. slate belt and
on to the ceoastal plain. We have reprocessed
a portion of the COCORP profile which passes
across the Inner Piedmont of Georgia. In this
area the Elberton Granite appears at the surface
as intrusive into the metasediments and in
seismic section it appears transparent. A
sequence of layered reflections, thought to be
equivalent to the Valley and Ridge sediments
beneath the crystalline thrust sheet, is dif-
ficult to establish. Our reprocessing involves
filtering and beamforming operations to investi-
gate this supposed extension of the thrust and
toe study the flanking reflections at 2 to 4
seconds, which give the appearance of a diapir.
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VELOCITY-DEPTH INVERSION FROM THE TAU-P PLANE
FOR LARGE APERTURE COMMON MIDPOINT SELSMIC
DATA FROM THE CARIBBEAN

(A1l at:
P. Buhl ‘Lamont-Doherty Geological Obs.
P.L.Stoffa Palisades, N.Y. 10964)

J.B. Diebold

Six expanding spread two~ship seismic ex-
periments were performed in the Venezuela Basin .
of the Caribbean. They provided multichannel
common midpoint data with offsets as large as
70 km, and a maximum Seismogram spacing of 100
meters. Twenty-four traces per shot were ob-
tained with explosive sources.

Each of the six X -T data sets were trans-
formed to the parameters of T ~p (intercept
time - ray parameter) by stacking each group
of 24 traces along linear trajectories, perfor-
ming time shifts based on trajectory slopes and
group offsets, and adding the resulting T(p)
traces. Aliasing was largely eliminated by
coherency thresholding.

The critically refracted and postcritically
reflected arrivals used in the inversions were
detected in the T -p plane by virtue of their
high amplitudes. The shapes of the envelopes
of the T(p) traces were used to establish con—
fidence bounds in T-p. The selected T=-p
points were used to obtain V(Z) functions byv
recursively solving the formula for intercept
times in horizontally layered media. This is
an extension of the standard slope-intercept

rmethod. The resulting V(Z) functions are pre-
sented in terms of two-way traveltime for com-~
parison to near vertical reflection profiles.
The T -p confidence bounds are mapped into V(Z)
by finding successive worst-case inversions for
each velocity sampled. The results are quite
well constrained, due to the large number of
T=p points used.

The deepest arrivals sampled in each profile
are interpreted as wide angle reflections from
the Moho. The inversion method can be shown to
be as good as, or superior to, the Herglotz
integral method in the presence of discontinuous
velocity functions and for discrete T-p data.
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INVERSION OF REFRACTION DATA BY WAVE-FIELD
MIGRATION

R. W. Clayton (Dept. of Geophysics, Stanford
University, Stanford, CA 94305)

G. A. McMechan (Pacific Geoscience Center,
Earth Physics Branch, Dept. of Energy,
Mines and Resources, Box 6000, Sidney, B.C.
V8L 4B2, Canada)

The process of wave equation migration is
adapted for refraction data in order to produce
velocity-~depth models directly from the recorded
data. The procedure consists of two linear
transformations: a slant stack of the data pro-
duces a wave field in the p-T plane which is
then migrated using T=0 as the imaging condition.
The result is that the data wave field is
linearly transformed from the time-distance
domain into the slowness-depth domain, where
the velocity profile can be picked directly.

No traveltime picking is involved, and all the
data are present throughout the inversion.

The method is iterative because it is necessary
to specify a velocity function for the migration.
The solution produced by a given iteration is
used as the migration velocity function for the
next step. Convergence is determined when the
migrated wave field images the same velocity-depth
function as was input to the migrationm.

The method obviates the problems associated
with determining the envelope of solutions that
are consistent with the observatioms, since the
time resolution in the data becomes transformed
into a depth resolution in the slowness—depth
domain.

The method is illustrated with several synthetic
examples, and with a refraction line recorded in
the Imperial Valley, California.
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AX(MUTHAL VARIATION OF P-WAVE RESIDUALS FOR
STATIONS IN NORTHERN CALIFORNIA

G. W. Simila (Department of Geological Sciences,
California State University, Northridge,
Northridge, CA 91330)

Teleseismic P-wave residuals from seventy
events have been analyzed for a seven station
array (dimension 220 x 400 km) in central and
northern California. Relative residuals with
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respect to Berkeley (BRK) show a pronounced
azimuthal dependence on wave approach. Stations
in northern California show mainly negative
residuals from west to east. The northern
Coast Range station exhibits an average positive
residual of +0.5 sec. The southern Klamath
Mtns. station shows large negative values (-1.6
sec) for azimuths 0-1300. The southern Cascade
Range station displays an average negative value
(-0,7 sec). Four stations from north to south
along the Sierra Nevada foothill region are
characterized by negative residual values of
-0.2 - -0.6 sec. A simple ray tracing technique
was utilized to model the corresponding velocity
increases in the upper mantle. In addition,
several crustal velocity models in these regions
have been determined from dispersion analysis

of Rayleigh wave group velocities.
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Earthquakes; Pre-
monitory Phenomena
Metropolitan East
Thursday P.M.

W. R. McCann (Lamont-
Doherty) and P. Talwani
(Univ. of South Carolina),
Presiding
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BIOLOGICAL PREMONITORS OF EARTHQUAKES: A
VALIDATION STUDY

W.H., Kautz(SRI International,
Menlo Park, CA 94025)

L.S. Otis(SRI International,
Menlo Park, CA 94025)

The purpose of the research reported herein
is to test the validity of the long held
notion, supported primarily by anecdotal
reports and by recent reports from the
People's Republic of China, that anomalous
animal behavior precedes at least some
earthquakes, presumably in response to one or
more as yet unidentified precursors. In this
project, currently in its third year, a
network of more than one thousand volunteer
observers of animals has been established in
selected seismic areas in California. A
carefully worked out reporting protocol,
employing a telephone "hot line," daily and
weekly routine reports from observers, and a
novel statistical method for the analysis of
reports vis—a-vis ‘earthquakes have been
developed. For the year since the network
reached its present extent (about 2/15/79),
none of the five California main shocks with
M > 5 occurred well within the network,
although the epicenters of two of them fell
on its fringes. Results from these  two
events are inconclusive, though suggestive
and encouraging. A statistical simulation of
the present network, based on earthquakes of
prior decades, indicates a high probability
of capture of at least one magnitude 5+ event
by the observer network within the next year.
It is concluded that members of the community
may participate constructively in data
collection for certain kinds of earthquake
research, suggesting that this potential
resource be tapped for other geophysics
research programs,
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A REFORMULATION OF THE EARTHQUAKE
PREDICTION PROBLEM

Allan G, Lindh (U.S. Geological Survey,
Menlo Park, California 94025)

An Earthquake Prediction (EQP) has come to
imply a statement of when and where an earth-
quake will occur, how large it will be, and some
measure of the uncertainty of the prediction.
This definition does not correspond to the
nature of the problem, or to the observed data,
and has created unreasonable expectations. The
discrepency between what we observe and what is
needed for a responsible EQP is so large that
none are attempted, even though most would agree
that some changes do reflect an increased

probability of a large earthquake. I believe we
have in effect painted ourselves into a corner.

Another approach would be to acknowledge the
statistical nature of EQP, and approach it via
probability density functions in space and time,
or earthquake probability density maps (EQPDM).
Construction of an EQPDM would start from a seis-
mic hazard map, based on geologic identification
of active faults. This 2-dimensional risk func-
tion would then be multiplied in appropriate
areas by temporal risk factors based on i) Plate
Tectonic considerations, ii) Geodetic strain and
seismicity patterns, iii) Changes -in geodetic
strain and seismicity rates, iv) Short- term
changes in tilt, water level, etc. The size of
the multiplying factor would reflect the con-
fidence that a change had occurred and that it
might be related to a future earthquake. Each
temporal perturbation would also have an assoei-
ated decay constant, so that for instance, short
term changes would only lead to short term in-
creases in risk. One strength of this approach
is that it is quantitatively testable. Another
is that it eliminates the artificial distinction
between EQ hazard assessment and EQ prediction.
Its weakness is that it involves a large number
of subjective judgements concerning the signifi-
cance of the observations. This subjectivity can-
not be avoided however, and this approach forces
the judgements to be quantified and tested.
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EVIDENCE FOR A POSSIBLE SEISMIC GAP NEAR
UNALASKA ISLAND IN THE EASTERN ALEUTIANS, ALASKA

L. House

L.R. Sykes (both at: Lamont-Doherty Geological
Observatory and Dept. of Geol. Sci., Columbia
University, Palisades, New York 10964)

J.N. Davies

K.H; Jacob (both at: Lamont-Doherty Geological
Observatory of Columbia University, Palisades,
New York 10964)

The aftershock zome of the Aleutian Islands
earthquake of 1957 (magnitude, Mw = 9.1)
stretched along the North American-Pacific
plate boundary from 180°W to 163°W. The eastern
200 km of this aftershock zone, located south-
east of Unalaska Island, experienced only six
moderate size (m = §) or larger aftershocks,
all located along the northern (arcward) edge.
Within this 200 km long segment the rest of the
width of the plate interface (the main thrust
zone) lacked known aftershock activity and has
experienced only two earthquakes (my = 5) of
magnitude 5 and larger since 1957. In the three
years before the 1957 main shock, two clusters
of seismicity occurred within the future after-
shock zone: one at the western end, near 180°W,
the other at 168°W. Arrival times of the 1957
tsunami at tide gauges along western North and
South America indicate a source area whose
eastern end was located at about 167°W rather
than at the eastern end of the aftershock zone,
200 km further east (163°W).

These observations strongly suggest that this
200 km long segment near Unalaska Island either
did not rupture during the 1957 earthquake or at
least did not break in the same manner as the
rest of the 1957 aftershock zone. We cannot
rule out the possibility that this segment slips
aseismically. Since almost all other segments
of the convergent margin in Alaska undergo epi-
sodic seismic deformation we infer that this
200 km long Unalaska portion does also. If it
were to rupture during a single earthquake, this
possible gap is large enough to produce an
earthquake of magnitude 8 or larger.
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SEISMIC POTENTIAL AND SEISMIC REGIMES OF
THE SOUTHWEST PACIFIC

W.R. McCann (Lamont-Doherty Geological Observa-
tory and Dept. of Geol. Sci., Columbia Univ.,
Palisades, New York 10964)

During this eentury wide variations occurred in the
distribution of large earthquakes of shallow focus
along the convergent plate boundaries of the South-
west Pacifie. These variations appear to be, for the
most part, spatially related to the rapid changes of
tectonic regimes along the strike of these seismic
zones and thus may represent long-teérm features of
the seismieity.

The Tonga-Kermadec arcs appear to accomodate at
least some plate motion aseismically, Clear changes
along strike in the seismic nature of this subduction
zone may reflect changes in the amount of aseismic
motion between the plates and thus reduce our ability
to confidently estimate the seismic potential of this
region. The southern half of the New Hebrides arc

This page may be freely copied

EOS, vol. 61, no. 17, April 22, 1980, page 292

may produce several large shocks in the next few
decades. In particular the segment between 18° and
20°S has experienced few moderate events in the last
25 years and thus appears to be the most likely site
for future shocks. A large segment of the coast of
New Guinea appears to be a likely site for one or
more large shocks in the next few decades. Mueh of
the plate boundary near the Solomon Islands has
ruptured during large shocks in the last 10 years and
thus will probably remain relatively quiescent for a
few decades. The frequency of large shallow earth-
quakes is remarkably low in the central Solomons. In
this region a spreading center in the Woodlark basin
is interacting with the island are. Thus, the aseismic
character of this part of the Solomons are for large
and moderate size earthquakes may be a permanent
feature as it may stem from the tectonic setting of
the region.
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TRANSVERSE STRUCTURAL FEATURES, DIS-
PLACED TERRANES AND THEIR RELATION TO
RUPTURE ZONES OF GREAT EARTHQUAKES
ALONG THE ALASKA-ALEUTIAN PLATE
BOUNDARY

d.N. Davies
G. Bond (both at: Lamont-Doherty Geol. Observ. of
Columbia Univ., Palisades, NY 10964)

Many workers have observed that the ends of after-
shoek zones of great-thrust-type earthquakes coin-
cide with structural features transverse to the
Aleutian Are. Features transverse to the Aleutian
arc have been associated with the trends of Shirshov
and Bowers' Ridges and the edge of the Bering Shelf.
Other transverse features have been postulated to
cross the arc at both the western and eastern ends of
Kodiak Island and through Prince William Sound. We
propose that many of these transverse features
represent structural boundaries between displaced
terranes that have arrived at their present positions
as a result of plate motions. We further propose that
more subtle transverse features exist in the eastern
Aleutian Islands-western Alaska Peninsula region.
Here, these features represent extensional faulting of
pre-Pliocene terranes that are continuous from the
Alaska Peninsula through the Pribilof Islands region
of the Bering Shelf. We suggest that most of these
transverse features delimit adjacent portions of the
overthrusting plate that are relatively mechanically
independent. Thus, strain energy resulting from the
underthrusting of the Pacific plate beneath these
portions of the North American (Alaska-Aleutian)
plate can be stored and released independently from
one region to the next. Historically these indepen-
dent regions, either singly or in various combinations,
appear to correspond to the rupture zones of great
thrust-type earthquakes along the Alaska-Aleutian
plate boundary.
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LOCAL SEISMIC ACTIVITY PRECEDING THE PETATLAN,
MEXICO EARTHQUAKE OF 14 MARCH 1979

Hsu, Vindell
J.F. Gettrust

C.E. Helsley

E. Herrero

T. Jordan (all at: Hawaii Institute of Geo-
physics, Univ, of Hawaii, Hono., HI 96822)

Local seismic activity preceding the Petatlan
Mexico earthquake of March 14, 1979 (Ms=7.6)
was monitored by a network of portable seismic
recording stations that had been deployed by
the Hawaii Institute of Geophysics. Seventeen
events large enough in magnitude to be re-
corded by a majority of the stations in the
network occurred during the 35 hours preceding
the main shock. Epicenter locations of these
events tended to converge towards the epi-
central position of the large event during
this period of time; the frequency of occurrence
of foreshocks increased during the 10 hours
prior to the main shock.

Lineation of foreshock epicenters imdicates
the existence of faults trending N23°E; these
faults are probably related to compression
between the Cocos and North American plates.
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INDUCED EARTHQUAKES CAUSED BY PRECEDING
EARTHQUAKES

K. Yamashina (Earthg. Res. Inst,, Univ. Tokyo,
Tokyo, Japan 113)

After large earthquakes, minor events fre-
quently occur close to but isolated from the
focal region of the main shock., They are
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called here "induced earthquakes". In the
present paper, examples of induced earthquakes
are collected and their mechanical correlation
is discussed.

Typical cases are (1) extension of the faul-
ting,(2) activity in the conjugate direction
of the principal faulting, (3) inland shallow
activity associated with large thrust earth-
quakes along trenches, (4) secondary faulting
adjacent to the principal .faulting, etc.

Mechanically many of these induced earth-
quakes occurred in a region where differential
strain (and stress) or, in other words, shear
strain (and stress) on their nodal planes was
probably enhanced by preceding events, It
suggests that strain and stress changes (es—
pecially the components above) caused by pre-
ceding earthquakes play a certain role in the
subsequent seismic activity. The present
effect might be helpful for plamnning temporal
observations afier large earthquakes and/or
for studying mechanical conditions of earth-
quakes occurrence.
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CLUSTERING OF STRONG EARTHQUAKES IN THE SAN
FRANCISCO BAY REGION

by W. L. Ellsworth, A. G. Lindh, and W. H.
Prescott (U.S. Geological Survey, Menlo Park,
California 94025)

In historic time strong earthquakes (M>5%)
in the San Francisco Bay Area {(Lat 37° to 38°N)
exhibit temporal clustering in excess of the
Poisson expectation (P = 0.1). Pairs of
earthquakes which may be related inelude 1836 (M
63) and 1838 (M 7), 1856 (M 6) and 1858 (M 6),
1865 (M 6) and 1868 (M 63), 1903 (M 5% and 1906
(M 8), 1911 (M B5) and 1914 (M F), 1955 (M 5%,
5%) and 1957 (M 5%), and August 1979 (M %) and
January 1980 (M 5%. In no case are these
events related as aftershocks or swarms, and
they commonly involve widely separated faults.
If the apparent clustering is not an artifact of
the short historic period (1855 to 1980), then
the existence of a regional-scale physical
process may be inferred. A mechanism which
could account for the observed seismicity
pattern is eventful shear strain episodes at
lower and intermediate lithospheric depths in
the North American-Pacific plate interface zone.
Observable manifestations of such episoles might
include secular changes in geodetically measured
strain or regional variations in microearthquake
occurrence rates or patterns.

A preliminary examination of microseismicity
and geodetic strain rates diseloses no changes,
as of mid-1979, in obvious association with the
1979-1980 earthquake pair. Thus, the most recent
pairing could be a coincidence, or the hypothe-
sized deep strain event could either have
occurred since mid-1979, or have been of smaller
amplitude than 0.2 ustrain. 4s a corollary to
the hypothesized effect of aseismic slip at
depth, great earthquakes also produce first order
perturbations to.the stress state in the sur-
rounding region. The longest inter-event time
in the historic record follows the 1906 earth-
quake (1914-1955). Its long duration is plausi-
bly related to the strain drop of the 1906 event.
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THE HAICHENG FORESHOCK SEQUENCE

Lucile Jones (Dept. of Earth and Plane-
tary Sciences, Massachusetts Institute of
Technology, Cambridge, Ma 02139)

Wang Biguan (Institute of Geophysics,
State Seismology Bureau, Beijing, People’
s Republic of China)

Xu Shaoxie (Institute of Geophysics,
State Seismology Bureau, Beijing, People’
s Republic of China)

We have examined the locations and
radiation patterns of the foreshocks to
the 4 February 1978 Haicheng earthguake
using four stations. The foreshocks were
located relative to a master event., They
occurred very close together, no more
than 6 km apart. Nevertheless there app-
ear to have been two clusters of fore-
shock activity. The majority of events
seem to have occurred in a cluster to
the east of the master event along a NNE-
SSW trend. There also appears to be a
second cluster of foreshocks located to
the northwest of the first. Thus it
seems possible that the majority of fore-
shocks did not occur on the rupture plane
of the mainshock which trends WNW, but
on another plane nearly perpendicular to

the mainshock plane. This inference is
supported by differences among the rad-
iation pattern of the foreshocks.

We also examined the radiation patt-
erns of the foreshocks, primarily through
the amplitude ratiogz of P and S waves
(Ap/As) recorded at each station. while
the rations were relatively constant at
the more distant (A =100-200 km)stations,
two very different waveforms were recor-
ded throughout the sequence at Yingkon
(A =20 km). Calculations of the amplitude
ratios for the (very different} fault
plane solutions of the mainshock and of
some of the largest foreshocks showed
that two different waveforms should be
recorded at Yingkou.
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SEISMICITY CHANGES PRECEEDING CENTRAL
ASIAN EARTHQUAKES

D.W. Simpson (both at: Lamont-Doherty Geological
Observatory of Columbia University, Palisades, New
York 10964) '

M.J. Kristy ({(Also with Dept. of Geol. Seci,
Columbia University)

The Gissar-Kokshal fault zone south of the Tien
Shan Mountains in Central Asia is one of the most
active areas of intraplate seismicity in the world.
Since 1949, four earthquakes greater than magnitude
6.5 have occurred along the section of this fault
north of the Pamir Mountains, almost completely
filling & seismic gap which had existed for at least 80
years. The two most recent of these esrthquakes,
the 1974 Markansu (M_=7.4) and 1978 Zaalai
(M_=6.7) events, were &heh preceeded by a short
period of increased activity in the future epicentral
area some years prior to the main shock. The size of
the maximum esrthquake within the active period
and its time before the main shoek increase with the
magnitude of the main shock. The maximum earth-
quake within the active period occurs at the same
location as the future large shock. A segment
adjacent to the 1978 earthqueke, occupying the only
unbroken portion of the former gap, has recently
shown a similar burst of activity, suggesting that it
may be the site of the next large earthquake of this
sequence.

Large premonitory earthquakes are also observed
near the sites of seven other earthquakes with magni-
tudes 7.0 to 8.3 in the Tien Shan since 1880. The
premonitory time interval and magnitude of the
premonitory earthquake increase with the size of the
main shock in & manner similar to that observed for
the Pamir zone seetion of the Gissar-Kokshal.
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A CHANGE 1IN THE FOCAL MECHANISM OF SMALL

EARTHQUAKES PRIOR TO AN Mg 6.7 EARTHQUAKE IN THE
CENTRAL ALEUTIANS

Selena Billington (CIRES, University of
Colorado, Boulder, CO 80309)

E. R. Engdahl (U. S. Geological Survey, Box
25046, DFC, Denver, CO 80225)

A method has been developed to objectively
composite, by computer, P-wave first motions
from events occurring within a small scurce
region. The - method has been applied to
earthquakes in the vicinity of an m 5.7 (MS
6.7) shallow-focus earthquake that occurred on
November 4, 1977 in the central Aleutians. The
data are clear first motions (an average of six
per earthquake) routinely recorded at stations
of the Adak network for about 350 shallow-focus
earthquakes which have m_ greater than about 2.7
and which occurred from Rugust 1974 through June
1978. Although the coverage of the focal sphere
for these earthquakes by the Adak network is not
complete enough to permit the determination of
absolute focal mechanism solutions, the method
does distinguish between moderately different
mechanisns. The most common mechanism is a
thrust mechanism for which the strike of the
nodal planes is roughly northeast; this
mechanism 1is consistent with telesesimically
determined mechanisns of larger thrust
earthquakes in the central Aleutians. However,
in the immediate viecinity of the hypocenter of
the main shock and starting about 11 months
before the main shock, the mechanisms of small
events changed. The "precursory" mechanisms are
thrust mechanisms for which the strikes of the
nodal planes are rotated clockwise with respect
to the typical mechanism by several tens of
degrees. This change in mechanism coincides
approximately in space and time with a increase
in the rate of occurrence of small-magnitude
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earthquakes before the main shock; it is the
second example of a precursory change in focal
mechanism of small earthquakes before moderate
earthquakes in the Adak region.
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PRESETISMIC AND COSEISMIC STRESS ANOMALY
ACCOMPANYING LYTLE CREEK, CALIFORNIA, EARTH-
QUAKE OF OCTOBER 19, 1979

B. R, Clark (Leighton and Associates, Inc.,
17975 Sky Park Circle, Irvine, California
92714) .

Anomalous readings from vibrating wire
Stressmeters at San Antonio Dam on the Cuca-
monga fault, 60km east of Los Angeles, were
recorded during the period September 27, 1979
through January 3, 1980 on three independent
sensors installed 19m below the ground surface.
On October 19, a minor earthquake (M =4.1)
occurred at Lytle Creek, 15km northeast of the
San Antonio Dam site. The Lytle Creek earth-
quake is suspected of being the source of the
anomaly. However, two other earthquakes of
interest also occurred during this period
(Calexico, M =6.6, d=225km; Malibu, M =4.2,
d=100km).  The Lytle Creek earthquake was a
right-lateral, strike-slip event on a small
fault parailel to the northwest-trending San
Jacinto fault. Readings taken on November 3
showed Targe changes on all three sensors,
although the magnitude and sign of the changes
were different on each, reflecting their
different azimuthal orientations. At its
maximum, the anomaly consisted of 2.4 bars
compression in the N12°E direction and 1.2 bars
decompression in the N78"W direction. By
January 3, 1980, the sensor readings had all
returned to their original long-term trend
levels.

The anomaly detected at San Antonio Dam is a
part of a record of approximately 2.5 years of
consistently increasing stress levels {approx-
imately 3 bars/year) in a north-south orien-
tation. The minimum principal change (E-W) is
also compressive. The long-term changes at San
Antonio Dam are the largest of any of the four
Stressmeter sites and are consistent in orien-
tation with a stress pattern expected to
induce thrust movement along the frontal faults
at the southern edge of the San Gabriel
Mountains, in a densely populated urban area.
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THE AUGUST 25, 1979 LAKE JOCASSEE EARTHQUAKE
AND ITS IMPLICATIONS ON RESERVOIR INDUCED
EARTHQUAKES

Pradeep Talwani
D. Stevenson (both at: Geology Dept., Univ.

of South Carolina, Columbia, S. C. 29208).

A magnitude 3.7 mp(| ) (BLA) earthquake
occurred at 09.31 p.m.QZEST) on August 25, 1979
at Lake Jocassee. The occurrence of this event
was a surprise in that, a) it was the largest
event recorded at Lake Jocassee and occurred
nearly four years after the start of the
reservoir induced seismicity and b) it occurred
when the seismicity level had dropped consider~
ably. This event was deeper than earlier
activity (v~ 2-3km) and associated with normal
faulting, whereas earlier activity at Lake
Jocassee was associated with strike slip
faulting.

Hydrofracture and overcoring stress measure-
ments. in the top 300m indicate very large hori-
zontal stresses and stress gradients--both
greater than the lithostatic gradient.

However the observation of normal faulting

at about 2 km depth indicates that at those
depths the vertical stress is the largest
prinéipal stress. This implies that the large
horizontal stresses are concentrated to small
depths {~ 1 km?). This might explain the
common occurrence of induced microearthquakes
in the Piedmont and place a 1imit on the size
of the reservoir induced earthquakes.
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Seismic Source:
Estimation of Stress
Drop ‘
Metropolitan East

Friday A.M.

A. T. Linde (Carnegie Institu-
tion of Washington), and D.
B. Larson (Lawrence Liver-
more Laboratory), Presiding
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A TECHNIQUE FOR HIGH RELATIVE ACCURACY
IN THE DETERMINATION OF EARTHQUAKE
STRESS DROPS

A. T. Linde {Dept. of Terrestrial
Magnetism, Carnegie Institution of
Washington, Washington, D.C. 20015)

R. Stefansson (Icelandic Meteorological
Qffice, Reykjavik, Iceland)

I. S. Sacks (Dept. of Terrestrial
Magnetism)

Estimates of stress drops have been
made in numerous studies of far field
radiation. The method most often em-
ployed is to use the seismic moment
(from 1long period amplitude) and a
corner freguency. Typically the re-
sults for stress drops show a large
scatter. For complex source functions,
however, corner frequency estimates do
not necessarily give reliable measures
of the source dimensions. Thus the
large variations in stress drops may
not be real.

We have been able to remove much of
the scatter by using a variation of
this technique. We estimate the moment
in the standard manner but, rather than
use corner frequencies, we calculate
total radiated energy. The ratio of
energy to moment then gives a measure
of stress drop.

Records from the Carnegie broadband
seismograph at Akureyri, Iceland have
been used to apply this technique to
several suites of earthquakes in north-
ern Iceland. Estimates of radiated en-
ergy (for earthquakes in the magnitude
range 3.5 - 4.5) were obtained by in-
tegrating over a frequency range (from
a few tenths to several hertz) such
that the integral converged. The meth-
od is sufficiently stable that, for
small spatial groups of earthquakes, we
are able to detect systematic temporal
changes as small as a factor of 3 in
the stress drops. .
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EFFECTIVE STRESS DROPS OF MODERATE
EARTHQUAKES IN THE EASTERN ALEUTIANS

J. Mori (Dept. Geol. Sci. and Lamont-Doherty
Geological Observatory of Columbia University,
Palisades, NY 10964)

Estimates of the effective stress drop are caleu-
lated for 11 earthquakes of limited magnitude range
(m_= 5.1-6.1) but diverse tectonic settings in the
eastern Aleutians. Effective stress drop represents
the difference between initial stress and dynamie
frictional stress. Digitization of the P arrivals from
short period WWSSN records are deconvolved for
instrument response and band passed  filtered to
obtain velocity and displacement seismograms. The
effective stress is then proportional to the initial
slope of the veloeity plot.

Although a large scatter exists in the results, the
following trends in the stress measurements can be
recognized: intermediate depth earthquakes
(100-150 km) have effective stress drop of
50-100 bars; normal-faulting events close to the
trench have effective stress drops of 100-300 bars;
shallow (10-40 km) earthquakes along the main thrust
zone have varying stress drops of 50-500 bars, with
the two high stress drop earthquakes located in areas
which are relatively inactive seismically.
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FOCAL MECHANISMS OF EARTHQUAKES NEAR THE NORTH-
EASTERN BOUNDARY OF THE CARIBBEAN PLATE

A.L. Kafka (Lamont-Doherty Geological Obser-
vatory of Columbia University, Palisades, New
York 10964)

The tectonic processes and present day motion
along the northern and northeastern boundaries
of the Caribbean plate are not clearly under-
stood. Although the northern boundary appears
to be characterized by transform fault motion in
the Cayman trough region, the region to the east
of the Cayman trough between Hispaniola and the
Lesser Antilles has many characteristics of a
subduction zone. Within this northeastern
region thrust faulting earthquakes, a deep
trench, and negative gravity anomalies are
found, Thus, this northeastern region does mot
conform to any simple concepts of plate boundary
tectonic processes.

In this study focal mechanisms have been
determined for four earthquakes in the north-
eastern region of the Caribbean plate. These
results, combined with focal mechanism results
of other investigators, suggest that the north-
eastern Caribbean can be divided into four
distinct regions based on both geographical
location and style of faulting. In the northern
Lesser Antilles, thrust faulting earthquakes
appear to have slip vectors which trend south-
west, whereas for an easterly motion of the
Caribbean plate we would expect slip vectors to
be trending westward. Also, there is a region
of dense seismicity slightly to the east of the
Lesser Antilles for which we observe strike-slip
faulting. In the region between Puerto Rico and
the northern Lesser Antilles various types of
earthquake focal mechanisms are observed, and
the tectonic processes are complex. The
Hispaniola region is characterized by two
distinct types of thrust faulting earthquakes.
Within this region some events have east
striking fault planes, whereas others have north
striking fault planes. These results are
discussed in terms of the present day tectomic
processes of the Caribbean plate.
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STRESS DROPS OF SMALL EARTHQUAKES IN THE NORTH-
EASTERN CARIBBEAN

Arthuy  Frankel (Lamont-Doherty  Geological
Observatory and Department of Geological
Sciences of Columbia University, Palisades,
New York 10964)

The seismic moments and stress drops of 23
earthquakes (1.2 <M < 2.4) that occurred
during an earthquake swarm in the Virgin Islands
were determined from the analysis of their
P-waveforms. The data consist of digitally-
recorded seismograms collected by a short-
period seismic network operating in the north-
eastern Caribbean. The events of the swarm are
particularly useful for comparing the relative
stress drops of small earthquakes, because of
their similar source to receiver paths and focal
mechanisms,

The digital seismograms were deconvolved to
remove instrument response and yielded simple
velocity waveforms and unipolar displacement
pulses. The fault radius of each event was
estimated from the rise time of the displacement
pulse and the seismic moment was calculated from
the area under the displacement pulse., The
static stress drop was determined from these
parameters. Estimates of the dynamic stress
drops were obtained from the slope of the
initial portion of the ground velocity waveform.

The stress drops calculated for these earth-
quakes varied from about 1 to 10 bars. The data
clearly illustrate that both the static and
dynamic stress drops of these earthquakes
generally increased with the size (moment) of
the events. The fault radii for these shocks
increased with seismic moment, but only by a
factor of 1.5 for a 10-fold imcrease in seismic
moment . These observations imply that, for
these small earthquakes, the final fault radius
is a function of the stress drop that occurs
during the rupture process.
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SCALING MODEL OF EARTHQUAKE SOURCE SPECTRA
FOR INTRAPLATE EARTHQUAKES IN JAPAN FROM: 1926
TO 1977

Junji Koyame

Maseyuki Takemura

Ziro Suzuki (all at: Geophysical Institute,
Faculty of Science, Tohoku University, Sendai
980, Japan)
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Source spectra of 163 major earthquekes in the
lands of Japan and under the Japan sea are inves-
tigated. The magnitudes of those earthquskes are
from 4.3 to 7.5, which are determined by Japan
Meteorological Agency (JMA). M. is determined
from maximum amplitudes of seismic waves with
period of about L sec, therefore M -M and
MJ -m_ relations provide uws with Enotter infor-
ma%on on the scaling of earthquake source-
spectra being independent of the Gutenberg-
Richter’s relation between MS and A scaling
model of earthqueke source-spectra,-which is
constrained by the relations among M _, M , and

N s s’ TJMA
mb, is derived.

Further enalysis is made to Jjustify the present
scaling model by introducing two new parameters;
a characteristic period T and seismic-moment
factor M_. The former iscdefined as an average
value ofeapparent periods of maximum amplitudes
at many stations, and the latter is an average
of products of maximum trace amplitude and its
apparent period multiplied by epicentral distance.
T is shown to relate somehow to the period of
c&rner frequency and M_ the seismic-moment density
at the period of Tc. ﬁe is well described to be
proportional to thé cube of T . This results may
indicate the constant stress E:rop on the fault
plane for earthquekes with M5 larger than 2.0.
The present scaling model alSo satisfies the
relation between seismic-moment densities at the
period T and static seismic- moment independently
determine€d, therefore, it is concluded that the
source spectra with M_ Jlarger than 2.0 are well
described approximatéiy by the present model.
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FIRST ANALYSIS OF THE STATISTICAL
DISTRIBUTION OF STRESS DROPS

M. Caputo, (Istituto di Fisica,
Univ. di Roma, Italy)

The statistical analysis of seven
sets of stress drops measured in se-
ven different Earthquake's sequences
or aftershock's series of scattered
Earthquakes in Italy, Japan and Ca-
lifornia reveals that the density
distribution function of stress
drop p is nearly proportional to
p 2 (1< ¢, < 2). This may imply
that a large amount of creep takes
place in the process of accumulation
of large stress drops or that there
is a particular distribution of the
direction of the faults with respect
to that of the major tectonic force
acting in the region.
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BODY~WAVE SPECTRAL ANALYSIS OF AFTERSHOCKS
OF THE MT. DIABLO-GREENVILLE EARTHQUAKE
SEQUENCE, JANUARY 1980%

Keith K. Nakanishi

Howard J. Patton, (both at: Earth Sciences
Division, Lawrence Livermore Laboratory,
University of California, Livermore, CA
94550)

We have carried out a spectral analysis on
P- and S-waves of selected aftershocks of
the Mt. Diablo-Greenville earthquake
sequence to measure corner frequencies, low
frequency amplitude levels, and high fre-
quency rolloffs. These events were recorded
on our three-component short-period digital
seismic network operating in the Livermore
Valley within 40 km of the epicenters. The
USGS local magnitudes of these events are
betweén 1.2 and 2.7. Preliminary results
are that (1) S-wave corner frequencies are
higher than P-wave corner frequencies, (2)
seismic moments, M;, and local magnitudes,
Mp,, are related by the formula, logM, =
1.2 Mp, + 16.8, and (3) high frequency
rolloff of S-wave spectra varies from -4.5
to -2.2 and appears to be correlated to epi-
central distance. These results are dis-
cussed with respect to the regional depend-
ence of moment-magnitude relationships and
models of earthquake faulting.
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EARTHQUAKE SLIP HISTORIES DERIVED FROM NEAR-FIELD
STRAINGRAMS RECORDED ON SACKS-EVERTSON BOREHOLE
STRAINMETERS

J. A. Snoke (Dept. of Geological Sciences,

~ VPI&SU, Blacksburg, VA 24061)

A. T. Linde

I. §. Sacks (both at: Dept. of Terrestrial
Mgnetism, Carnegie Inst. of Washington,
Washington, D. C. 20015)

S. Suyehiro (Seismological Division, Japan
Meteorological Agency, Tokyo, Japan)

Data from about 30 well-located, nearby
earthquakes in the magnitude range 2-4.3 were
recorded on a tripartite mnet of Sacks-Evertson
borehole strainmeters installed in the Matsushiro
region (Homshu, Japan). These strainmeters have
a high sensitivity (better than 1071l in strain),
a large dynamic range and 2 frequency response of
zero to a few hertz. Hence, information about
both the static strain step and the dynamic rup-
ture process can be obtained from these records:
Such information provides constraints on the slip
history for these earthquake.

We have modeled the Matsushiro-region events
using synthetics. The program used for this
study gives the response of a dilatometer
installed at the free surface of a uniform elas-
tic half space to a double-couple point source
(with a variable time history) located within the
half space. Analysis to date shows that some
events have rise times of at most a few tenths of
a second but rupture durations of several sec-
onds. This result is consistent with the conclu-
sion drawn by Hartzell & Brune (BSSA, 69 (1979),
1161-1173) that for even some relatively small
earthquakes, the rupture process cannot be char-
acterized by a single velecity of rupture propa-
gation.
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SOURCE PARAMETERS OF THE AFTERSHOCK SERIES
OF THE PETATLAN, MEXICO, EARTHQUAKE OF
14 MARCH 1979 (Mg = 7.6)

J. Havskov

S.K. Singh

C.M. Valdés

F.R. Zdiiiga (all at: Instituto de Ingenieria,
UNAM, México 20, D.F., México)

R.P. Meyer (Geophysical & Polar Research Center,
University of Wisconsin, Madison WI 53706)

About 50 selected events in the first 30 days
of the aftershock series (2.0 £ M £ 5.0)
locally recorded on 5 analog tape and up to 10
digital event recorders are being analyzed.
The spectra of these events is providing insight
into stress drops, corner frequencies, and the
relation between seismic moment and magnitude.
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A NEGATIVE SEARCH FOR AN ULTRA-LOW FREQUENCY
COMPONENT TO THE MAY 29, 1976 YINAN EARTHQUAKES

Lisa M. Stewart (Dept. of Geology & Geophysics,
Box 2161, Yale University, New Haven, Conn.
06520)

Emile A. Okal

Following Nagamune's{1977] claim of a giant
but very slow component to the source of the
1976 Yinan [Yunnan] earthquakes, we have con-»
ducted a systematic study of the ultra-low fre-
quency ( v>1.25 mHz) content of a number of
tiltmeter, strainmeter and IDA records of the
events.

In the time domain, only two records suggest
the presence of a slow component in the seismic
source, requiring a_moment amplitude as large
as 5x102% dynes-em. Such a large moment is
incompatible both with the extent of the after
shock zone and results in the Fourier domain,
where po systematic correlation is found bet-
ween the observed energy spectrum and the
Earth's normal modes. Furthermore, the fast
decay of the low-frequency energy with time
is incongistent with known values of the
Earth's ‘attenuation, even when allowing for
splitting.

We must therefore conclude that the apparent
signal present in a few records is due to
noise -~ probably instrumental instability --
rather than to an ultra-low frequency seismic
source.
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SOURCE DIMENSION VERSUS RUPTURE
PROPAGATION: A POTENTIAL DISCRIMINANT

Robert L. Sax (ENSCO, Inc., Alexandria,
VA, 22314)

Rudolf Unger, (Universidad Nacional de
Tucuman, Tucumdn, Argentina)

Measurements derived from the instan-
taneous phase and frequency of Eurasian
earthquake and presumed nuclear explo-
sion signals were averaged over a number
of world-wide stations. The results
suggest a linear relationship between
the instantaneous frequency and the
amount of early multiple signals or
pulse complexity. For a given pulse
complexity, the frequency of the pre-
sumed explosion signals is higher than
the frequency of the earthquake signals.
The frequency is inversely related to
source dimension, 1In a time frame of
several seconds, the presence of early
multiple signals may indicate complex
rupture propagation. The relationship
thus may reflect that in rupture propa-
gating earthquakes the energy is re-
leased stochastically in relatively
small parts. Ruptures of tectonic
energy release forced by explosions then
would appear to be smaller than earth-
quake ruptures. These relationships
need to be verified with a larger,
world-wide data base.
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A LARGE NORMAL FAULT EARTHQUAKE IN THE OVERRIDING
WEDGE OF THE ANTILLES SUBDUCTION ZONE: THE
ANTIGUA EARTHQUAKE. OF OCTOBER 8, 1974

J. W. Dewey (U.S. Geological Survey, MS 967,
Box 25046, DEC, Denver, CO 80225)

W. R. McCann )

A. J. Murphy (both at Lamont-Doherty Geological
Observatory, Columbia University, Palisades,
NY 10964)

S. T. Marding (U.S. Geological Survey, MS 966,
Box 25046, DFC, Denver, CO 80225

A large earthquake (M; = 7.1 - 7.6) occurred
in the overriding wedge of the Caribbean plate
on October 8, 1974. Hypocenters of locally
recorded aftershocks suggest that the main shock
rupture extended from a depth of 40 kilometers,
immediately above the inferred thrust interface
between the Caribbean and American plates, to
shallow crustal depths of about 10 km. The focal-
mechanism solution and aftershock hypocenter
locations imply that the earthquake occurred on
a southeast-dipping normal fault that strikes
north-northeast to northeast, transverse to the
regional strike of the northern Lesser Antilles
arc. The location and focal mechanism of the 1974
shock are similar to those of small earthquakes
occurring in the Adak Canyon region of the Central
Aleutians and studied by LaPorge and Engdahl
(1979). Both the northern Lesser Antilles and
the Central Aleutians are zones of oblique plate
convergence, and normal faulting transverse to
the island arc in the overriding wedge may be a
consequence of this oblique convergence.

The position of the earthquake above the Benioff
Zone and the normal fault focal mechanism of the
1974 earthquake indicate that the shock has not
released a significant amount of the elastic
strain thought to have been accumulating along
the thrust boundary of this segment of the
Lesser Antilles arc since the great earthquake
of 1843,

LaForge, R. and E. R. Engdahl, Bull. Seism.,

Soc. Am., 69, 1515, 1979. -
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STUDIES OF SEISMIC SOURCE DECOUPLING
USING SCALE MODEL EXPERIMENTS*

D. B. Larson (Lawrence Livermore Laboratory,
Livermore, California 94550)
(Sponsor: Gordon D. Anderson)

Experimental free-field measurements made in a
variety of scale-model experiments in Na C1, are
being analyzed to provide a better understanding
of the processes involved in cavity decoupling.

The available data are being transformed to reduced
velocity potential in the frequency domain for con-
venience in making comparison. The results from
small-scale experiments using LX04 explosive as the
energy source are compared with results from the
Cowboy series of field tests using pelletized TNT
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and with the Salmon and Sterling experiments using
nuclear explosives. These experimental resultsare
also compared with simple elastic theory and show

significant deviations from the predictions of that
theory.

Seismic Source:
Systematic Inversion
for Source Mechanism
Metropolitan East

Friday P.M.

R. G. North (MIT), and L. Ruff
(California Institute of Tech-
nology), Presiding
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ESTIMATION OF THE SEISMIC MOMENT TENSOR FROM
TELESEISMIC BODY WAVE DATA WITH APPLICATIONS
TO INTRAPLATE AND MANTLE EARTHQUAKES

T. J. Fiteh (Applied Seismology Group, MIT
Lincoln Laboratory, 42 Carleton Street, Cam~
bridge, MA 021L42)

D. W. McCowan (Marine Science Institute, Univ-
ersity of Texas, TOO The Strand, Calveston,
TX 77550)

M. W. Shields (Applied Seismology Group, MIT
Lincoln Laboratory, 42 Carleton Street, Cam-
bridge, MA 02142)

Amplitude data from direct and near source re—
flected phases, are inverted to obtain point-
source moment tensors. The L1 norm is used as
an optimum solution criterion thereby allowing
first motions to be included in the data set.
Long period P waves from an intraplate earth-
quake located between the Caribbean arc and
the mid-Atlantic ridge at a depth of 25 km
reveal a source with a moment time function
in the far field that has rise and fall times
of 2 + 1 sec. By implication, the duration
of faulting was short by comparison with
shallow earthquakes of similar size at active
plate margins. Approximately 89% of the tot-
al moment of 0.8 x 102 dyne-cm pertains to

a change in deviatoric stress, which is re-
presented almost totally by a double couple.
A 20% increase in the double couple component
was achieved by a systematic steepening by 5
to 8° of take-off angles for ray paths to
teleseismic distances, Amplitudes and first
motion polarities from a deep earthquake
beneath the Bonin arch yield a moment ten-
sor that is T2% double couple and 19% comp-
ensated linear vector dipole. A similar
steepening of the ray paths in this case
consistent with a 7% reduction in the comp-
ressional velocity at the source depth
results in a double couple component of more
than 90%. Lateral heterogeneity in the
source region precludes a simple interpret-
ation of this apparent velocity reduction.
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Pnl WAVEFORMS IN SOURCE PARAMETER STUDIES

Terry C. Wallace (Seismological Laboratory,
252-21, California Institute of Technology,
Pasadena, California 91125)

Don V. Helmberger, George P. Mellman, (All at
Seismological Laboratory, California Inst.
of Technology)

A technique has been developed for the
inversion of the beginning portion of the
vertical and radial seismograms containing P
and Py, the P_, phase, to determine source
parameters. e method is designed for smaller
events in which sufficient WWSSN teleseismic
waveform data is mot available. An ervor
function of the form below is

e=l1-——nJfs
(/'f2)1/2(ﬁ2)l/2
calculated, where £ is a long period seismo-~
gram, g is a synthetic, and the integral is a
zero lag cross-correlation. An objective
function, which is the sum of the squares of
the error functions is minimized iIn terms of
the three fault parameters, Although the
system is non-linear, a simple iterative




S

technique is used to converge on the correct
fault parameters. The method utilizes the
fact that the synthetic is constructed with
the three fundamental faults; the cross—
correlations between the data and the three
fundamental faults only has to be calculated
once. This makes recalculating the error
functions and partials for each iteration very
fast, and the procedure is efficilent. It is
also possible to incorporate absolute ampli-
tude information in the inversion depending
upon the circumstances. Results from the
application of tk/nis technique, using the
Green's functions generated in an earlier
paper, Helmberger and Engen (1980), to some
west coast earthquakes are presented.

B
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SURFACE-WAVE MOMENT TENSORS FOR EXPLOSIVE
SOURCES

R. G. North (Applied Seismology Group, MIT
Lincoln Laboratory, 42 Carleton Street,
Cambridge, MA 021L2)

T, J. Fitch (Applied Seismology Group, MIT
Linecoln Laboratory, 42 Carleton Street,
Cambridge, MA 021L2)

A few presumed explosions in Eastern Kaz-
akh exhibit large differences -in surface wave
radiation from those for the "average" explo=~
sion source in this region. These differences,
as observed at 15-50 sec periods on digital
SRO/ASRO seismograms, include enhanced Love
wave generation and substantial azimuthal
asymmetry and phase reversals of the Rayleigh
waves. The short-period P-waves show little
variation. We have attempted to quantify
these differences in terms of the seismic
moment tensor. The results do show moment
tensor differences, particularly enhanced
Mxy, but they are extremely difficult to
interpret due to resolution problems which
are fundamentally unavoidable for very
shallow sources and furthermore aggravated
by the clear undesirability of constraining
ZMii=O for explosive sources.
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USE OF 1IDA NETWORK FOR FAST DETERMINATION OF
EARTHQUAKE SOURCE PARAMETERS

H. Kanamor? (Seismological Laboratory, 252-21
Californmia Institute of Technology,
Pasadena, California 91125)

A method is developed to invert IDA (Inter—
national Deployment of Accelerograph) data in
terms of a seismic moment tensor (linear)

and/or a dislocatien (fault) source (nonlinear).

Amplitude and phase spectra of multiple
Rayleigh waves constitute the basic data.
Although the formulation is valid only for a
point source, the effect of the source
finiteness is imcluded, to the first order of
approximation, by using the phase difference
between the odd and even order Rayleigh
waves. In order to minimize the effect of
the regional variation of phase velocities,
Rayleigh waves in a period range from 200 to
300 sec are used for inversion. The method
works best for events with Mg between 6.5 and
7.5. In addition to its use for routine
determinations of earthquake source para-
meters, the method is particularly useful for
the analysis of slow earthquakes. The results
obtained for a slow earthquake in the Bouvet
Island region (December 18, 1978) will be
reported. Since the method is very fast, it
may also be incorporated in the on-line
Tsunami warning system.
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SIMULTANEOUS DETERMINATION OF SEISMIC MOMENT
TENSOR AND HYPOCENTRAL PARAMETERS.

Teh-An Chou
Adam M. Dgziewonski{Dept. of Geological Sei.,
Harvard University, Ma. 02138)

We have developed an efficient and stable
method for routine determination of seismic
source parameters., After an initial estimate of
the moment tensor is obtained using the approach
of Dziewonski(1978), an iteration procedure al-
lows for simultaneous refinement of the elements
of moment tensor, origin time, depth and epicen-
tral coordinates of an earthquake. Appropriate
differential kernels are synthesized by superpo-

sition of all overtones of normal modes with
periods longer than 45 sec.(Buland, 1976). Fil~
tered digital recordings from SRO and ASRO sta-
tions represent the input, the part of the
records used in the analysis spans the time from
the arrival of the P-wave until arrival of the
surface waves, these are not included in the
analysis because they are strongly affected by
the lateral heterogeneity.

We have studied several earthquakes of M
from 5.5 to 7.0 spanning range of depth from 18
to 600 km. Relocation resulted in changes of ep-
icentral. position with respect to PDE coordi-
nates by as much as 130 km and over 30 km in
depth, in extreme cases. Generally, the method
is very stable(particularly the directions of
the principal axes) and convergence is rapid.
The following table gives the moments and direc-
tions of the principal axes of the moment tensor
for a few of the analyzed earthquakes.

T-axis N-axis P-axis
Date Scale Val Dip/Az Val Dip/Az Val Dip/Az
Fact.
03/07/78 1022 52/58 0.0 9/160 -4.0 36/256
03/15/78 ‘102u 12/65 1.4 59/177 -6.0 27/328

o4/24/79 102 26/163 0.5 3/71 -3.0 64/336

4.0
4.6
10/01/78 10 5.4 74/76 0.0 0/167 -5.4 15/257
2.5
09/06/78 1026 1.9 67/143 0.0 22/320 -1.9 1/50
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INVERSION FOR FAULT DISLOCATION USING TELE-
SEISMIC BODY WAVES

Ivan H. Henson (Shell 0il Co., P.O. Box 831,
Houston, TX 77001)

Charles A. Langston (Geosciences Department,
Penn State University, Univ. Park, PA 16802)

Teleseismic P and S wave form data from the
February 9, 1971, San Fernando earthquake was
modeled using a linear inverse technique to
obtain the distribution of dislocation on finite
fault models. Fault geometry and rupture velo-
city were perturbed around a previously pub-
lished two-fault segment model for the San
Fernando earthquake. Fault planes were decom—
posed into discrete patches and the weights of
each patch were found by a linear time-domain
least-squares inverse technique. Results from
the best fitting teleseismic models are in qual-
itative agreement with previous static and
dynamic near-field studies; A gradual decrease
in slip downdip, with an increase at the bottom
of fault, is found. However, there are still .
significant differences in detail. 1In particular,
the teleseismic moment is only 0.8x 1026 dyne-cm,
a factor of two smaller than the near field
results. The inclusion of variable dislocation
did not significantly improve the teleseismic
body wave source model for the San Fernando data.
It does, however, represent an additional tool
for constraining and testing various hypotheses
concerning the seismic source and may be used for
seismic data any type.
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PATH EFFECTS IN CONTINENTAL AREAS ON LONG
PERIOD RAYLETGH WAVES AND THE MOMENT TENSOR
INVERSION METHOD

B.A. Romanowicz (Massachusetts Institute of
Technology, Cambridge, MA 02139 and IPG,
4 Place Jussieu, 75230, Paris, France)

The moment tensor inversion method for long
period Rayleigh waves seems to be successful
for the determination of depth and mechanism
of moderate size earthquakes (mb: 5.0 to 6.0)
i1f the propagation effects can be accurately
corrected for. This has been demonstrated for
mid-ocean ridge events (Tréhu et al., 1979).
For events located in the middle of complicated
continental areas, a more involved iterative
method has to be used (Patton, 1978).

We are here investigating the influence of
path effects on the moment tensor inversion for
events located in Central Asia, teking as a
reference the average phase velocities deter-
mined by Patton. We have studied several
earthquakes situated 1000 to 2000 km away from
Patton's reference point, for which well con-
strained fault plane solutions are available.
It appears that, although the phase velocities
have to be known accurately, the critical factor
in the success of the moment tensor inversion is
rather the matching of observed and theoretical
amplitudes. Thus, an accurate depth and mech-
anism determination can be achieved for pure
strike slip events, for which the depth signa-
ture in the amplitude spectrum appears as a
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strong minimum, in most cases at periods greater
than 20 sec, and in all azimuths. For events
with a larger dip slip component, the success of
the inversicn is strongly limited by the availa-
ble period range (20 to 90 sec), the azimuthal
distribution of stations and the difficulty to
model multipathing and focussing effects on am-
plitude. Based on these results, the most
promising approach is to determine the path
effects using pure strike slip events and then
apply the moment tensor inversion to a more
general class of seismic sources.
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SHORT PERIOD WAVEFORM INVERSION
FOR SOURCE TIME FUNCTIONS

Larry Ruff, Seismological Laboratory, Caltech,
Pasadena, CA 91125

George Mellman, Sierra Geophysics, 150 N, Santa
Anita, Arcadia, CA 91006

The waveforms of underground nuclear tests
recorded at WWSSN short period stations are
quite coherent, maintaining similar peak to
peak amplitude ratios despite a large variation
in the absolute amplitudes. These waveforms
have been successfully modeled with synthetic
seismograms, primarily dependent upon the source
time function and attenuation. Our objective is
to devise a formal inversion procedure for the
determination of the source function. As a
purely time domain method is preferable, the
waveforms are characterized by their most ob-
vious features: the relative peak amplitudes and
peak times. The source time function is rep-
resented in a two parameter functional form plus
the pP-P time delay. In general, ianverting for
source functions is a non-linear process. Thus,
the theoretical properties of this inversion
scheme have been investigated with the main
results, (i) with modest damping, there is a
consistently stable approach to the near-vicinity
of the answer, (ii) errors in the attenuation
(t*) affect the result in a smooth predictable
manner, {(iii) surprisingly, the pP-P time is well
resolved in all cases. The procedure works well
theoretically, however, investigations with
actual data have demonstrated the sensitivity of
model results to data errors. Therefore, the
major restriction on the accuracy of this method
is the quality of the data. For the events
tested thus far some have yielded good results;
an excellent agreement between the synthetic
seismogram and the data, and the source par-
ameters are well resolved. In other cases in
which the source parameters are not well resolved,
the mismatch between synthetic and data is
generally in the latter part of the waveform,
particularly in the last downswing.
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SOURCE PARAMETER INVERSION OF A RESERVOIR-INDUCED
EARTHQUAKE: TLAKE KARIBA, AFRICA, 23 SEPTEMBER
1963

Gregory B. Pavlin (Dept. of Geosciences, Penn
State University, University Park, PA 16802)
Charles A. Langston

Source parameters of the largest induced earth-
quake associated with the impoundment of Lake
Rariba (09:01:56.8 GMT, 23 September 1963) were
determined utilizing a moment tensor formalism of
the generalized inverse technique. TInversions for
both purely deviatoric and dislocation point
source parameters were accomplished with long and
short period body wave data from the World-Wide
Standard Seismic Network. The source of the
earthquake was inferred to be a normal fault with
the parameters: mp = 6.3; Mg=6.1; strike=193+8°;
dip = 53£2°; rake=270%4°; depth=8%0.5 km; skewed-
triangular source time function of 2.5%0.5 sec;
moment = 5.0 x 1024 dyne-cm; radial fault plane
dimension of 6.%1.0 km; and a stress drop vange
of 8 to 20 bars. The hypocenter was relocated to
16.7°S - 28.6°E using P and S arrivals from four
African stations(WWSSN). This location coincides
with the region of known foreshocks and after-
shocks. The location also coincides with an
intérsection of some major mid-Zambezi Valley
faults, trending N50°E, with lineaments mapped
from LandSat multispectral imagery, trending N20°W
to N40°W. Photo-interpretation resulted in the

. mapping of over 400 lineaments which prinecipally

transect the previously known faults of this rift
valley. The lineaments may be linked with the Pre-—
cambrian Katangan Metamorphism(800 Myrs), and in
some areas, may be related to Jurassic dolerite
dykes. A more complicated tectonic history of the
region is inferred. Besides having a potentially
significant role in the seismicity of the region,
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these lineaments, and their intersections with
known faults, may well have an impact upon future
mineral exploration in the region.

S 65
SURFACE DEFORMATION AND AFTERSLIP ASSOCIATED

WITH THE LIVERMORE VALLEY, CALIFORNIA, EARTH-
QUAKES OF 24 AND 26 JANUARY, 1980

D.P. Schwartz

K.J. Coppersmith

A.P. Ridley (all at: Woodward-Clyde Con-
sultants, Three Embarcadero, Suite 700,
San Francisco, CA 94111)

Coseismic surface rupture was observed
along the Greenville fault following earth-
quakes on 24 Jan. (M5.5) and 26 Jan. (M5.2,
USGS; M5.8, U.C. Berkeley). Well-defined
first event deformation occurred 8 km south-
east of the instrumental epicenter along a
6.5-km-Tong zone containing two, and possibly
five, surface traces. Rupture was continuous
in the northern 1.4 km of this zone where
approximately 3 cm of right slip was measured
across two fault traces in Tertiary sand-
stone terrane; the southern 5.1 km contained
discontinuous en echelon cracks, plus cracks
of problematic origin in asphalt pavement,
developed mainly in Quaternary alluvium.
Second event deformation was concentrated in
the southern portion of the zone; existing
individual cracks lengthened and widened,
numerous new cracks appeared in pavement, and
the northern rupture extended .5 km to the
south.

Monitoring of ground cracks through 27 Feb.
indicates afterslip on fault traces in both
bedrock and alluvium. Right slip on a prom-
inent fault trace in alluvium was perceptable
on 30 Jan., increased to 2 mm (5 Feb.), 4 mm
(10 Feb.), and 7 mm (27 Feb.). Monitoring is
continuing.

Ground cracks observed on the conjugate Las
Positas fault prior to the second event have
incredsed in number and length through
27 Feb., suggesting concurrent slip during
the first event and continuing strain
release along this fault.
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RECENT LARGE FARTHQUAKES ALONG THE MIDDLE
AMERTCA TRENCH AND THEIR IMPLICATIONS FOR
THE SUBDUCTION PROCESS

Eric P. Chael

Gordon S. Stewart (both at Seismological
Laboratory, 252-21, California Institute of
Technology, Pasadena, California 91125)

Krishna Singh (Instituto de Geofisica, Ciudad
Universitaria, U.N.A.M. 20, D.F. Mexico)

" Karen McNally (Seismological Laboratory,

California Institute of Technology, Pasadena,
California 91125)

Several large shallow earthquakes (MS > 7.0)
have occurred along the Middle America Trench
since the installation of the WWSSN network.
Included are the 1965, 1968, and 1978 Oaxaca
events, the 1970 and 1973 events, and the 1979
Petatlan event. These earthquakes have been
studied in an attempt to identify similarities
and differences between them that may lead to
a better understanding of fracture and sub-
duction processes. The events have seismic
moments ranging frem 3.2 x 10 7 dyne-cn for the
1978 Oaxaca event to less than half of this for
the 1968 event. All events are of predomi-
nantly thrust type, consistent with subduction
to the northeast of the Cocos plate. Body
waves of the 1965, 1968, 1978 and 1979 events
along the trench indicate rather simple faulting
processes. These events all had focal depths
of 15 - 20 km and stress drops on the order of
10 bars. Similarities which Ohtake, Matumoto,
and Latham (1977) identified in the precursory
seismicity of events along the Middle American
Trench this appear to continue through the
mainshock and aftershock sequences. The 1970
and 1973 events, the eastern- and westernmost,
respectively, of the events studied here, show
greater complexity in their body waves, perhaps
representing the transition to regions with
more complicated tectonics.
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EVIDENCE FOR ANOMATLOUSLY DEEP SLIP PRIOR TO A
MAJOR OCEANIC TRANSFORM EARTHQUAKE

James L. Muller

Wai-Ying Chung

Sean C. Solomon {Dept. of Earth & Planetary

Sciences, M.I.T., Cambridge, MA 02139)

It is generally held, on the basis of reliable
depth determinations and moment vs. slip rela-
tionships, that the earthquake generation zoné
on most oceanic transform faults is confined to
shallow depths (upper 5-10 km). We present
evidence that some slip at substantially greater
depth (40-50 km) is associated with an earth-
quake on the Gibbs transform fault in the north
Atlantic. The Mg = 6.9 earthguake of 16 October
197k was preceded by a foreshock 8.5 minutes
earlier and by a 'precursor' event several
seconds before the main shock (Kanamori and
Stewart, 1976). Relative locations of these
events show the first two to be 45 to 50 km
deeper than the main event. A moment tensor
inversion of the Rayleigh waves from the fore-
shock shows possible solutions at 10 km and at
L5 kxm depth. The solution obtained at 10 km
depth, however, shows left-lateral fault motion
with a substantial dip-slip component, while the
solution at 45 km. depth shows right-lateral
fault motion compatible with the transform
geometry and the mechanism of the main event and
is therefore preferred. This latter solution
yields a double couple scalar moment of 1.0 x
102 dyne-cm. Synthetic P-wave seismograms
constructed for the precursor show that both 10
and 45 km depth are compatible with the ob-
served waveforms. The fault plane solutions
obtained from the foreshock moment tensor
inversion, the precursor P-wave amplitudes and
a comparison of the short period P waveforms
for the foreshock and precursor all show right-
lateral motion on a fault with azimuth slightly
greater than the 95° strike of the transform.
This solution is also compatible with P-wave
first motions reported by XKanamori and Stewart
(1976) for the main shock.
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SOURCE PARAMETERS OF THE OCT. 15, 1979 IMPERIAL
VALLEY EARTHQUAKE FROM NEARFIELD- OBSERVATIONS

Ralph J. Archuleta (USGS, M/S 77, 345 Middle-
field Road, Menlo Park, CA 94025)
Robert V. Sharp (USGS)

On Oct. 15, 1979 the Imperial fault slipped
right-laterally at the time of the Imperial
Valley earthquake (Ms=6.9). The epicenter was
6.5 km south of the U.S.-Mexico border, but
visible surface slip on the Imperial fault be-
gins 3.9 km north of the border and extends
northward for 30 km. As of Nov. 7, 1979, right
lateral surface slip averaged 34 cm; a maximum
slip of 80 cm occurred 9 km north of the b?ider.
Using an,average shear modulus of 2.0 x 10
dynes/cm”, density of 2.7 gms/cm” and a depth
of 8 km, we determined a moment Mo=1.6 x 1025
dyne-cm for the 30 km segment. If we include
the 10 kms between the epicenter and the obser-
ved slip, Mo=2.2 x 10 5 dyne-~cm. From the
average slip we estimate a static stress drop
of 54 bars—-a lower limit,

Twenty-five accelerometers operated by the
USGS were located within 22 km of the surface
trace. Two of the stations--El Centro 6 and 7-
are on opposite sides of the fault but within
.8 km of the fault. Using the difference in the
parallel component of particle velocity (26 cm/
sec) after the rupture front, we derive an ef-
fective stress drop of 25 bars. Using the abso-
lute time on the accelerograms, the location of
the epicenter and the character of the particle
velocity for ‘stations 6 and 7, we estimate a
rupture velocity of 2.25 km/sec, .86 the aver-
age shear wave speed in the upper 10 km of the
crust. Based on directivity of a unilateral
rupture, this velocity predicts a ratio of
peak SH particle velocity of station 6 to Bonds
Corner station of 2.54; the observed ratio is
2,47,
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BROAD-BAND TIME DOMAIN MODELLING OF EARTHQUAKES
FROM FRIULI, ITALY

Cipar, John (Seismological Laboratory, Califormia
Institute of Techmology, Pasadena, California
91125)

Short and long-period teleseismic body. waves
and surface waves from two earthquakes of the
Friuli, Italy sequence are interpreted in terms
of source properties. Both events occurred on
September 15, 1576: at 03h 15m (Mg = 6.0) and at
09h 21m (M_ = 5.9). All the data for the earth-
quake at 0%k 2lm can be adequately explained by
a single model. Time domain modelling of SP
records suggests a model comsisting of two point
sources, separated by 1.3 sec. (1st source:
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depth (h) = 7.5 km, duration (tc.) = 1.65 sec,
seismic moment (Mo) = 0.17 x 1085 dyne-cm; 2nd,
source: h = 6 km, t, = 2.3 sec, My = 0.55 x 10 5
dyne-cm). . The focal mechanism for both Sources
is: strike = 56°, dip = 67°S, rake = 70°. LP
body waves agree in moment and waveform with this
model. The moment estimated from surface waves
is somewhat larger: 1-1.5 x 1025 dyne-cm. SP
records for the 03h 15m shock can be fit quite
well by a model with two sources separated by
2.1 seconds. (lst ggurce: h=3.8 ka, t, = 1.75
sec, My = 0.24 x 10°” dyne-cm; 2nd source: h=4.2
ku, t, = 1.5 sec, My = 0.12 x 1023 dyne-cm).

The focal mechanism for both sources is: strike=
230°, dip = 60°N, and slip = 133°. The total

M, is 0.36 x 1025 dyne-cm from SP body waves,
while surface waves yield a moment of 1-1.5 x
1025 dyne-cm. Although the LP body waves of the
03h 15m shock are obscured by noise, they do not
appear to agree with the SP model quoted above
in that they seem to require a source of longer
duration and larger M,. These observations
suggest differences in source spectra between
the two earthquakes. For the 09h 21m earth-
quake, the spectrum appears to be essentially
flat from the SP body wave to surface wave band.
On the other hand, the spectrum of the 03h 15m
shock hzs more energy in the surface wave band
relative to the SP body wave band.

Attenuation: Measure-
ments and Interpreta-
tion

Pier 5

Saturday A.M.

E. R. Kanasewich (Univ. of
Alberta) and M. L. Smith
(Univ. of Colorado), Presiding
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IN-SITU MEASUREMENT OF ABSORPTION AND
DISPERSION IN SEDIMENTARY ROCKS

E.R. Kanasewich (Department of Physics,
University of Alberta, Edmonton,
Alberta, Canada T6G 2J1)

D.C. Ganley (Uniomn 0il Company of
Canada, P.O. Box 999, Calgary,
Alberta, Canada T2P 2K6)

The spectral ratio method for mea-
suring absorption and also dispersion
from seismic data has been examined.
Coxrrections for frequency dependent
losses due to reflections and trans-
missions have been shown to be an
important step in the method. Synthe-
tic examples have been used to illus-
trate the method and the method has
been applied to omne real data case from
a sedimentary basin in the Beaufort
Sea, Measured Q values were 43%2 for
a depth interval from 549 to 1193
meters and 67+6 for a depth interval
of 945 to 1311 meters. Dispersion
was also measured in the data and is
consistent with Futterman's model.
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LATERAL VARTATION OF SURFACE-WAVE ANELASTIC
ATTENUATION ACROSS THE ATLANTIC OCEAN

J.A. Canas (Department of Earth & Atmos. Sei.,
Saint Louis University, St. Louis, MO 63156)
B.J. Mitchell

Fundamental-mode Rayleigh waves generated by
several earthquakes situated along great-circle
paths between pairs of seismograph stations on
the American and European coastal regions and
on Atlantic islands have been analyzed to obtain
anelastic attenuation coefficients, group and
phase velocities, azimuthal anisotropy coeffi-
cients, and specific quality factors. Inversion
of the dispersion and attenuation data yield
shear velocity models and shear wave internal
friction models for several regions of different
age in the Atlantic Ocean.

The results obtained in this study are that
(1) the anelastic attenuation coefficients and
internal friction are related to the age of the
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Atlantic Ocean floor, older regions being char—
acterized by higher Q values, (2) a low-Q zone
is well developed in the upper mantle of all
regions less than 65 m. y. in age, but is poor-
1y developed in older regions, (3) comparison
of the results_of this study with earlier re-
sults for the Pacific Ocean indicate that the
anelastic attenuation coefficients and the QE&
values for the ridge region of the Atlantic
Ocean are much smaller than for the East
Pacific Rise, For regions of similar age in
both oceans, the attenuation coefficients and
Q'l values are smaller for the Atlantic than
for the Pacific. Inversion of the attenuation
data suggest that the low-velocity, low-Q zone
under the Atlantic Ocean floor is more poorly
developed there than beneath the Pacific.,
Since plates separate more slowly in the
Atlantic than in the Pacific this comparison
suggests that the velocity of plate motion

is slowet when attenuation coefficients and
internal friction values are smaller, The
Rayleigh wave velocities and shear wave models
support the results of earlier workers who
found little influence of the Mid-Atlantic
idge on the Rayleigh velocities.
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ELASTIC AND ANELASTIC EARTH STRUCIURE FROM
LINEARIZED INVERSION OF WAVEFORM DATA

A.M. Dziewonski (Dept. of Geological Sciences,
BRarvard University, Cambridge, MA 02138)

If the differences between a starting model
and the real Earth are small, it is possible to
interpret the discrepancy between the observed
and predicted waveforms in terms of perturbations
in the Earth's structure. Let Ty represent the
spectrum of the nth orbit wavegroup, for example
Ry, and Fn+) the spectrum of a wavegroup that
travelled one additional circumference. The ob-
jective is to determine Fp= exp[-2miak(w)] such
that Fy*F,=Fp4p; where k(w) is the complex wave-
number, a functional of the elastic and anelastic
parameters of the Earth's structure. Given Fg
computed for the starting model, we linearize
the problem and request that

0.
S S F oF%) - F +6F° 12 dw = mi
w! ] (Fyp = FgF)) = E_+6F, |” dw = min.

The perturbation in the j-th iteration: 6F£J)=

-2ﬂia§k(3)(w)'F(J-1) is expressed in terms of
changes in the Earth’s structure:

Py = £ om0 ar

where G are the differential kermels and m repre-
sents the set of elastic and anelastic para-
meters. The inverse is heavily damped as the
total perturbation in k(w) can be quite large;

F, is recomputed after.each iteration.

Tests of the algorithm on synthetic data with
and without noise indicate that it is convergent
and that it yields satisfactory results even
when the traditional methods of measuring atten-—
uation and dispersion fail. The reason is that
by tying the perturbation in F, to the Earth's

structure we apply a powerful filter that rejects

incoherent noise. The method is particularly
well suited to routine processing of digital

data and its application should result in greatly
improved estimates of attenuation and dispersion
of mantle waves in a broader frequency band.
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A NEW APPROACH TO MEASUREMENTS OF DISPERSION
AND ATTENUATION OF MANTLE WAVES

J.M. Steim and A.M. Dziewonski (Dept. of Geologi-
cal Sci, Harvard Univ, Cambridge, MA 02138)

The perturbation technique described by Dzie-
wonski (this issue) can be applied to the analy-
sis of arbitrary length records of earthquakes
rather than, as it is traditionally done, to in-
dividual pairs of wavegroups. If the transfer
function corresponding to a single traverse of a
mantle wave around the globe is f,(t), then con-
volution of a seismogram s(t) with f, shifts all
the wavegroups by one complete orbit. This is
illustrated in the diagram:

'

s(t) R, Ryt R, Ry Ry Ry
'
s(£) £, (8) | R, Rg R R, Ry R,
I .
difference Ry Raé 0 0 [ ] . Ry Ry

Thus, if fz(t) is theltransfer function %or the
real Earth, the difference trace should be null
from t, to t,. A comservative estimate of t, is
the circumferential group travel time at the min-
imum group velocity (approx. 3 hours for mantle
Rayleigh waves, for example); t, is simply the

time at which the record terminates. Given f,(t)
for a starting Earth model, we linearize the pro-~
blem and impose the least squares condition

oS EHIS(D) - s(0)#£,(0)] - s(2)#3£,(£) Fat = min,

2 Transformation of the equation above to the
frequency domain reduces the problem to that de-
scribed by Dziewonski with the advantage that
the need for isclation of individual wavegroups
is eliminated.

In the search for regiomal differences in
attenuation and dispersion, we apply this method
to analyze recordings from the IDA and SRO net~
works; the details will be presented at the
neeting.
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DETERMINATION OF Q FOR LOW ORDER SPLIT KORMAL
MODES - INVERSION IN THE FREQUENCY NOMAIN

Michael G. Schnapp (CIRES, Univ. of Colo-/KOAA,
Poulder, COLO. 80309)
(Sponsor: Charles B. Archambeau)

Inversion of spectra derived from high quali-
ty, very-long period records of large earth-
quakes for the Q@ of low order normal modes has
been conducted in an effort to add to the sparse
reljable estimations of G that have been made in
previous investigations. The problerms in deter=-
wining Q of low order normal modes arising as a
result of the frequency splitting of these modes
have been dealt with by incorporating an inver-—
sion- process that performs a least squares fit-
ting of the actval complex amplitude spectrum
with that of an ideal damped split-mode oscilla—
tor. Tests of the inversion technique consisting
of superimposing noise derived from real seismo-
grams on the synthesized time series of damped
split-mode oscillators indicate that the values
obtained from the inversion accurately reflect
the actual Q. These test results, together with
the exceptional fits of hoth the complex ampli-
tude spectra and the time series envelope func-
tions when the inversion technique is applied to
real data from large earthquakes, suggest that
the values of Q so obtained are reliable (for
the 1960 Chilean earthquake, G’s determined for
the 082, 083, and 054 modes are 436, 153, and
152, respectively).

In addition to finding 0, the inversion
method, also, yields estirations of the complex
excitation amplitudes of the singlet wodes of
oscillation within the multiplet of modes for
each normal mode inverted. These amplitudes can
then be used to investigate source properties.
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ANALYSTIS OF SPLIT NORMAL MODES FOR THE 1977
INDONESIAN EARTHQUAKE

Seth Stein, Jeffrey A. Nunn (Department of
Geological Sciences, Northwestern Univ-
ersity, Evanston, IL 60201

The longest period spheriodal modes, S»=(Ss,
are well recorded on IDA gravity meter records
of the August 19, 1977 (Ms 7 3/4) Indonesian
earthquake, We model these modes, which are
split into singlets by rotation and ellipticity,
using time domain synthetics. These synthetics
explicitly include the effects of source and
station location and fault geometry.

In addition to matching the time domain
singlet interference patterns, we also use
this data to measure the attenuation of these
Jongest period modes. Due to the difficulties
in measuring Q * for these split modes, and the
fact that previous measurements were made on
the older Chilean and Alaskan earthquake data,
the uncertainty in previous values is rather
large. It is desirable to reduce this uncert-
ainty in view of the special significance of
these modes for lower mantle attenuation struc—
ture. We measure Q'1 using both time domain
and frequency domain fits to the computed syn-
thetics.
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SIMULTANEOUS ESTIMATION OF TERRESTRIAL EIGEN-
VIBRATIONS

Roger A. Hansen (Seismographic Station, Univer—
sity of California, Berkeley, Calif. 94720)

Recently, time domain methods have been shown
to be advantageous in determining the quality of
observations of terrestrial eigenvibrations.
Complex demodulation has successfully been used
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in estimating amplitude, period, decay constant
Q, and phase for various spheroidal and torsionmal
modes. Non-linear regression in the frequency
domain yields formal uncertainties in each esti-~
mate. A crucial problem arises in isolating
neighboring modes of nearly the same frequency
and comparable amplitude. Complex demodulation
displays can be used to identify such interfer-
ences as beating. In such cases, the assumption
of stationarity is violated in the regression
analysis yielding biased results. Improved res-
olution has now been made by formulating the re-
gression scheme to estimate simultaneously small
sets of neighboring spectral peaks so that sta-
tionarity is not violated. Computed values can
be shown to be best estimates in a statistical
sense. An analysis of variance yields the co-
variance matrix of the solution. This provides
estimates of the correlations between spectral
parameters. The procedure has been applied to
seismograms recorded following the August 1977
Indonesian Eq. (Mg=8.0 BRK). The time series
used were recorded by a network of broadband (to
100sec) displacement seismometers located in
Northern California, and by seven gravimeters of
the world wide IDA network. A representative ex-—
ample of the simultaneous estimation of two ad-
jacent modes is for the neighboring modes of
0517 and 287 recorded at the Halifax station of
the IDA network. These modes were previously um-
resolvable by complex demodulation of the above
data. The Fourier amplitude spectrum shows a
single broadened peak with period 535.53 £ .175
and Q of 572 % 214 when fit with one mode. A
more satisfactory result is obtained when fitting
two modes. The estimates of period are 537.98 %
.152 sec and 535.11 % .143 sec, and for Q are
234 + 31 and 216 25, respectively,
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VARTATIONS OF ANELASTIC ATTENUATION IN THE
MANTLE UNDER THE UNITED STATES - A SYNTHESIS

Z., A. Der

T. W, McElfresh, A, 0'Donnell and B. W. Barker
(all at: Teledyne Geotech, 314 Montgomery
St., Alexandria, Virginia.)

Studies of teleseismic P and S wave ampli-
tudes and spectra in the short and long period
bands show that large lateral variations exist
in the attenuative properties of the uppex
mantle under the United States. The existence
of high frequency energy in the short period
teleseismic P and S waves observed (4 Hz for P
and 2 Hz for $ from deep events) in the north
central, shield areas of the U.S. can only be
explained by a high Q upper mantle. Such high
frequency emergy is much reduced or undetec—
table in most of the southwestern U.S.

Besides these major contrasts, details in
regional variations of upper mantle Q are
presented. The regional variatioms in Q also
show a good correlation in details with a large
number of related geophysical variables. All
observations can be explained with freugency
and regionally dependent Qq and Qg with most of
the anelastic losses occurring in shear
deformation,

S 78
MANTLE Q_ FROM BODY WAVES - DIFFICUL-

TIES 1IN DETERMINING FREQUENCY DEPEN-
DENCE

S. Sacks (Dept. of Terrestrial
Magnetism, Carnegie Institution of
Washington, Washington, D.C., 20015

There have been a number of studies
of Q_ for the earth”s mantle covering a
period range from hundreds of seconds
(free earth oscillation decay) to less
than a second. These results have been
compared to determine a frequency de-
pendance for Q. There are, however,
difficulties, particularly at the
shorter periods. ' Because Q is low
(¥200-300), periods of 1 s, or less
are heavily attenuated relative to the
longer periods. Linearity of the seis-
mograph (particularly of the recording
medium)} 1limits the detectability of
short period components. Non-linearity
results in an overestimation of the
short period energy.

By analysing data from magnetic tape
recording seismographs (magnification
peaking at 6 Hz), we obtained reliable
Scs data up to about 1.5 Hz. From the
spectral ratio of ScS/ScP, we determine
the Q_ for the mantle without having to
assumé the source spectrum. Over a
frequency range of 0.3 to 1.5 Hz, the
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Q. (~250) is not significantly differ-
efit from the values determined from
multiple ScS observations in the 10 -
60 millihertz range or from the free
oscillation results.

It is concluded that these data do
not require a frequency dependent Q.
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ANELASTICITY NEAR THE INNER CORE BOUNDARY

V.F. Cormier (Dept. of Geological Sciences,
Harvard University, Cambridge, MA 02138)

Short period seismograms are synthesized for
PKP phases in anelastic earth models having real
velocity profiles given by the PEM models. The
synthetics were constructed using a synthetic
technique valid at grazing incidence, a source
time function appropriate for deep focus earth-
quakes, and an instrument response for a short
period WWSSN seismograph. The syntheties illus-
trate that at a velocity increase the T-A cusps
inferred from amplitude data are affected consi-
derably more by anelasticity on the upper side
of a discontinuity rather than by the anelasti-
on the lower side of the boundary. A comparison
of the frequency content of the observed and syn-
thetic PKP phases requires either one of two
types of Q distributions to exist near the inner
core boundary (ICB): (1) a thin low Q zome just
below the ICB, or (2) a thin low Q zone on both
sides of the ICB with @~} 1.5 times larger below
the ICB than Q~! above the ICB. In both classes
of models the thimmess of a low Q zone trades
off with the intensity of attenuation,e.g., a Q
of 200 in the upper 200 km of the inmer core fits
the observed spectral ratios and time domain am-
plitudes as well as a Q of 130 in the upper 100
km of the inmer core. Class (1) models fit both
amplitude and spectral ratio data well and are
consistent with the P velocity, S velocity and
density jumps of the PEM models at the ICB.
Class (2) models, however, require a larger im-
pedance contrast at the ICB than that given by
the PEMs. In order that class (2) models fit
both low(0.08 Hz) and high (1.0 Hz) frequency
body wave data, they must be associated with
dispersive elastic moduli at the ICB such that
the P velocity jump is’ larger and/or the S velo-
city jump smaller at the ICB at 1 Hz than at
0.08 Hz. A comparison of low frequency (0.08Hz)
and high frequency (1.0Hz) body wave data sug-
gests that the ICB is sharp and its position is
frequency independeat. Body wave data in the
0.08-2,0 Hz band cannot resolve any frequency
dependence of the anelasticity of the inner core.
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THE FREQUENCY DEPENDENCE OF Q, IN THE MANTLE

Gordon N. Shudofsky

F. A. Dahlen (Both at: Department of Geological
and Geophysical Sciences, Princeton University,
Princeton, N. J. 08544)

Recent analyses of the period and Q of the
Chandler wobble have indicated that the shear
attenuation of the mantle may exhibit a weak
frequency dependence between the middle of the
normal mode band and 14 months. If this
dependence is of the form Qu~ma , -an o between
0.05 and 0.2 in the lower mantle, where the
Chandler strain is concentrated, is most con-
sistent with the data. Recently acquired
high-quality Q observations of selected normal
modes recorded by the IDA network, together with
the recent long- and short-period Qg.g obser-
vations of Sipkin and Jordan, have made it
possible to search for a frequency dependence of
this magnitude within the seismic band itself
In this paper, we shall investigate whether the
Chandler wobble results are consistent with this
latter set of data, and whether and to what
extent Q) in the upper mantle may be similarly
frequency dependent.
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ANLLASTICITY AUL THE CHANDLER WOERLE

Hartin L. Smith (Cooperative Institute for
Research in Environmental Sciences, Univ. of
Colorado/LOAA, BGoulder, Colorade £0309)

F. A. Dahlen (Departrent of Geological and Geo-
physical Seciences, Princeton University,
Princeton, New Jersey C£540)

We have extended the calculation of the
theoretical Chandler eigenfrequency to account
for the nonhydrostatic portion of the Farth’s
equatorial bulge and for the effects of mantle

anelasticity upon the period and O of the wob-
ble. The latter calculation uses small parame—
ter perturbation theory for rotating continuua
and is rigorously correct. Ve find that if the
wobble is wholly. dissipated by mantle shear
dissipation, and if Q is the uniform ¢ of man-
tle shear at 14 months and Qn ig the ¢ of the
Chandler wobble, then

0’0 = 1.8’..‘“
for model 1066A. If we adopt the Q model B of
Sipkin and Jordan (15€0) ,and assume that Q
varies with frequency as ur tetween 37 seconds
and 14 nonths, then the theoretical Chancler
period and Q fall within the 60 per cent cenfi~
dence intervals of W¥ilsem and Haubrich (1976)
if

0,002 < o < €.08

while the Q model U of Sailer and Dziewonski
(1978) leads to

0.1l <o <0.19 .

In all cases the limits arise frorm exceeding
the uncertainty in observed period.
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NONLINEAR DISSTPATION MECHANISMS - EVIDENCE
FROM EARTH TIDES

Duncan Carr Agnew (Cooperative Institute for
Research in Environmental Sciences, Univ. of
Colorado/NOAA, Boulder, Colorado 80309)

To explaln the -apparent frequency indepen-
dence of Q in rocks, several investigators have
proposed that the dissipation mechanism is non-
linear, perhaps involving friction. A conse-
quence of such a nonlinearity is that for a
sinusoidal applied stress the strain will con-
tain higher harmonics of the driving frequency.
For the kinds of hysteresis loop usually pro-
posed only odd harmonics are produced. The
semidiurnal earth tide stresses the_gEarth
sinusoldally, with peak strains of 10 . I
have looked for harmonics of this tide in a 5-
year record of tidal strains from one of the
laser strainmeters at the Pinon Flat Observa-
tory in southern California. The third har-
mog}i M, tide) has an amplitude of 1.2 x
10 , not significantly above the noise. This
measured amplitude means that the harmonic must
be 80 dB below the fundamental (M,). For
seismic values. of Q, most nonlinear models of
dissipation predict a larger third harmonic and
so would seem to be ruled out by this observa-
tion.
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SEISMIC Q OF THE UPPER MANTLE OF THE MOON

Yosio Nakamura (Galveston Geophysics Laboratory,
Marine Science Institute, The University of
Texas, Galveston, Texas 77550) '

Junji Koyama (Galveston Geophysics Laboratory,
Marine Science Institute, The University of
Texas, Galveston, Texas 77550 and Geophysical
Institute, Tohoku University, Sendai 980,
Japan)

The seismic Q of the lunar interior has been
known to be unusually high ever since the first
observation of lunar seismic signals, with the
reported values ranging from 1600 to 4800. We
have recently determined frequency dependence
of both P- and S-wave Q's in the upper mantle of
the moon in a frequency range of roughly 2 to 8
Hz. The method involved computations of the
derivatives of power spectral densities with
respect to frequency and their regressions with
respect to travel times. The Q determined for
P waves is about 4000, and is nearly independent
of frequency; while S-wave Q increases from
6000 at 3 Hz to 30,000 at 7 Hz. Standard errors
of Q7+, as estimated from the variances of the
above regression slopes, are roughly jﬂ.OxlO_k
for Qp " and #0.4x107% for Qg™ . The determined
Qs is approximately proportional to the square
of frequency, but Qg=f is also within the error
bounds. The extremely high Q for shear waves
suggests that certain dissipatiorn mechanisms
due to cempressional heat loss may be a dominant
factor.
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COMPRESSIONAL WAVE VELOCITY AND
ATTENUATION IN BASALT MELT

C.S8. Rai (Hawail Institute of Geophysies,
University of Hawaii, Honolulu, Hawaii
96822

M.H. Manghnani, K.W. Katahara

Using a continuous~-wave interfero-
metric method, measurements of ultra-
sonic V, and Qp‘1 have been made in an
alkalic olivine basalt to 1400°C. This
method provides an alternative to the
pulse transmission technique employed
in previous studies. The method is
potentially capable of also measuring
Vg and Qg™ below solidus temperatures.

Preliminary data on the temperature
and frequency dependence of V, and Q -1
are presented. Qp values for the basalt
melt at 1300°C are in the range 10-40 at
MHz frequencies. Implications of these
results are discussed in view of recent
field measurements of seismic velocity
and attenuation in geothermally active
areas.

Earth’s Structure and
Lateral
Heterogeneities

Pier 5

Saturday P.M.

C. A. Langston (Penn-
sylvania State University)
and R. F. Mereu (Univ. of
Western Ontario), Presiding
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UPPER MANTLE STRUCTURE NEAR THE EAST PACIFIC
RISE AT LATITUDES 150N and 120N FROM SEISMIGC
REFRACTION DATA COLLECTED DURING THE

ROSE PROJECT

G. M. Purdy {Woods Hole Oceanographic
~ Institution, Woods Hole, MA 02543

J. I. Ewing (Woods Hole Oceanographic
Institution, Woods Hole, MA 02543

Comparisons are made of the propagation char-
acteristics of the upper mantle near the East
Pacific Rise in two areas approximately centered
at latitude 15N and 129N. The data are
refraction seismograms recorded by ocean bottom
hydrophones from explosive sources varying in
size from 200 lbs to 1 ton in the range window
30 to 100 km. Consistent patterns in the
amplitude distributions of the low frequency
{~ 5Hz) energy are recognized and modelled to
allow comparisons to be made between the two
areas. At 15N a striking relationship is
recognized between the azimuth of the ray path,
the relative amplitudes of the phases in the
first 2 seconds of the record, and the known
direction of sea-floor spreading.
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ANISOTROPY IN THE UPPER MANTIE -STRUCTURE
OF EURASIA

Liao, A.H. (Institute of Geophysics and
Planetary Physics, University
of California, Los Angeles)

Knopoff, L.

Fundamental mode Rayleigh and Love wave phase
velocities are used to study the anisotropy and
the upper mantle structures in different
tectonie provinces within the Eurasian continent.
The periods range from 30 sec to 250 sec, The
phase-travel time data have been obtained for
many long paths that traverse the continent
between the earthquakes and WWSSN stations
around its perimeter. Several linear and non-
linear inversions based on various parameteri-
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zations of the upper mantle of the regions and
_various combinations of data sets were performed.
Regionalization is performed taking into account
‘broad scale geological information.

The results show that the upper mentle
structures of Burasia can be grouped into shield-
type and non-shield-type. The shield areas
include the Siberian shield as well as the
Tibetan plateau, both having high velocity mate-
rial extending té great depth; if a low-velocity
channel is present, it has at most a small
contrast to the 1id that overlies it. The rest
of the continent.has a thin, high-velocity 1id,
overlying a low velocity chamnel of marked
velocity centrast.

The results of the inversions for both Love
and Rayleigh wave data indicate that the shear-
wave velocity is 4.3% + 0,02 km/sec in the
channel. For the 1id, the velocities determined
from the two data sets differ, being 4.56 + 0.01
kn/sec from the Rayleigh wave data set and
L.,77 + 0,02 km/sec from the Love data set.

The apparent anisotropy in the 1id and its
absence in the chamnel is the reverse of the
results for the Pacific Ocean basin.
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REGIONALIZED CRUST-MANTLE STRUCTURE OF CHINA FROM
PATH~SEGMENT INVERSION OF OBSERVED SURFACE WAVE
DISPERSION

Y. T. Yeh (Institute of Earth Sciences, Academia
Sinica, Taiwan, Republic of China)

S. S. Alexander (Geosciences Department, The
Pennsylvania State University, University Park,
Pennsylvania 16802)

A newly developed path-segment inversion
method is used to infer the crust-mantle struc-—
tures in mainland China and surrounding areas
from observed surface wave dispersion. Based on
other available information, mainland China is
subdivided into & crustal blocks: (1) Chinghai~
Tibet, (2) South-China, (3) North-China, and
(4) Northwest-China. Group velocity dispersion
of both Rayleigh and Love waves were measured for
2 number of paths by a multiple bandpass filter-
ing technique., The resulting mixed-path disper—
sion curves were grouped into 4 sets, based on
the composite propagation paths, and each set was
inverted by the path-segment method. The in—
verted regional structure is significantly dif-
ferent for each crustal block and the differences
extend to a depth of at least 100 km. These
observed differences place additiomal constraints
on any viable reconstruction of the tectonic
history of this region. Some of these implica-
tions are discussed as they relate to previously
proposed plate-tectonic interpretations for
mainland China.
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A NOTE ON SPECTRAL NULLS IN RAYLEIGH WAVES

Charles A. Langston (Department of Geosciences,
The Pennsylvania State University, University
Park, PA 16802)

The occurrence of depth-dependent spectral
nulls in Rayleigh waves from some double point
sources is a well known phenomenon and has been
used in many surface wave studies to determine
source depth. In mode theory these nulls occur
because of a zero in particular eigenfunctions.
An alternative and physical way of viewing the
formation of Rayleigh waves from deviatoric
sources is to decompose the Rayleigh wave into
parts associated with the S and P waves. Depth
dependent nulls result from the destructive
interference of these two different Rayleigh
waves. A particularly simple example is given
of these effects by investigating Lamb's problem
for an impulsive and symmetric moment tensor
point source. These simple observations may have
some use in interpreting the results of large
code calculations of exotic seismic sources and
provides some insight into surface wave propa-
gation in layered media.
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MULTIMODE ANALYSIS OF Lg USING THE SCARLET ARRAY

Michel J. Cara

J. Bernard Minster

Ronan J. Le Bras (all at: Seismological
Laboratory, California Institute of Technology,
Pasadena, California 91125)

In laterally homogeneous crust-upper mantle
structures, the short period L_ phase can be
explained in terms of normal mdde superposition.
Overtones of either Love or Rayleigh type exhibit
very close group velocity curves near 3.2-3.5
km/s, generating the impulsive wavepacket Lg;
phase velocity curves, on the other hand, are
well distinct at periods greater than 2 s for a
wide range of realistic crustal models. This
suggests the use of wavenumber analysis
techniques to isolate different overtones from
seismograms observed on arrays of statioms.

We show on a synthetic example that a 500 km
long linear array of 12 stations allows us to
isolate the different modes at periods of a
few seconds, by using the UC diagram technique
which Cara (1978) successfully applied to the S,
phase at longer periods.

The SCARLET array provides a good opportunity
to apply such a technique to observed L.
Preliminary results show that strong pedks
observed on UC diagrams can generally be inter-
preted as higher Rayleigh modes (particularly
for the second and third higher modes). Weaker
peaks, and in some cases other strong peaks,
cannot be explained in terms of coherent
cylindrical propagation of a few higher modes
across the array of stations, even after
taking into account spatial aliasing.

We suggest that observed short period (2-5
sec) L_ in Southern California result from the
superpgsition of a simple multimode signal and
coupled noise due to lateral refractioms,
lateral reflexions and mode conversions. Even
in cases where the L, wave train is complicated,
we have succeeded in retrieving spatially
averaged phase velocity dispersion curves for
the first few higher Rayleigh modes excited by
mid-crustal sources.
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RELATIVE ARRAY DIAGRAM SCANNING OF CRUST AND
UPPER MANTLE, SOUTHERN CALIFORNIA

Mariamne C. Walck

J. Bernard Minster (both at: Seismological

. California Institute of Technology,
91125)

We hava systematically partitioned the SCARLET
array iate a set of 160 overlapping circular
subarrays of 100 km aperture, and an additional
40 subarrays with specialized geometries. The P
arrivals from 148 recent teleseisms are utilized
to generate relative array diagrams, which
represent the differences in dT/dA and azimuth
estimates from individual subarrays and the
entire 150 station network for each event.
Because this technique eliminates effects of
structure in the lower mantle and source regiomns,
it is ideally suited for study of the upper
mantle and crust beneath the array. From this
data set emerges a rather complex, laterally
varying. and depth dependent image of Southern
California crust and upper mantle structure.

The structural information, however, which is
spatially averaged through subarray analysis is
not uniform over the entire network. In regions
with stronz shallow lateral variations, such as
Imperial Valley, the Los Angeles and Santa
Barbara basins, and the central Transverse
Ranges, the influence of mnear surface structure
dominates and deeper features are not easily
discernable. Alternatively, subarrays in
regions with more transparent shallow structure,
such as the Mojave Desert, yield information
about deeper lateral inhomogeneities over areas
far exc ing the aperture of the subarray.

S 91

STRUCTURE BENEATH EASTERN WASHINGTON FROM THE
INVERSION OF SEISMIC AND GRAVITY DATA

W. L. Rodi (Systems, Science and Software,
P. 0. Box 1620, La Jolla, California 92038)

J. M. Savino (Systems, Science and Software,
P. 0. Box 1620, La Jolla, California 92038)

J. F. Masso (Systems, Science and Software,
P. 0. Box 1620, La Jolla, California 92038}

T. H. Jordan (Scripps Institute of Oceanography,
University of California, San Diego, La Jolla,
CaTifornia 92093)

We have applied a joint inversion algorithm to
teleseismic P-wave delays and Bouguer gravity
data from eastern Washington to infer the three-
dimensional velocity and density structure of the
crust and upper mantle beneath a portion of the
central Columbia Plateau (45.5° to 48°N latitude
and 118.5° to 120.5°W longitude).

Our joint inversion procedure solved for the
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velocity and density perturbations in a six-layer
three-dimensional grid of blocks extending from
the surface to 300 km depth. The perturbations
in the two parameters were assumed to be func-
tionally related by a depth-dependent coefficient.
Our final model gives excellent agreement with
both the gravity and teleseismic data.

The most significant features of the model
occur in the southern portion of the region.
Here we find a high velocity and density zone in
the crust, which may be an expression of crustal
thinning in this area. Complementing this is a
Tow velocity anomaly in the mantle between depths
of roughly 50 and 200 km. The anomalous zone is
at least 100 km wide and has velocities 0.2 km/s
lower than the surrounding mantle. This may be
associated with a thermal disturbance related to
the development of the Columbia Plateau basalts.

We are presently inverting P-wave arrival time
data for events in eastern Washington recorded at
regional and near-regional distances simultaneous-
1y with Bouguer gravity data. The simultaneous
modeling of these two data sets should provide a
more detailed three-dimensional model of the
crustal structure in the central Columbia Plateau
region.
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A STUDY OF UPPER MANTLE STRUCTURE UNDER WESTERN
RUSSTA

I. N. Gupta (Teledyne Geotech, 314 Montgomery St.,
Alexandria, Virginia 22314)
A. C. Chang and B. W. Barker

Short-period, vertical component data from
WWNSS stations are used to obtain time-distance
plots of P waves for epicentral distance, A, in
the range of 5° to 40° for underground nuclear
explosions and for shallow earthquakes in Western
Russia. The observed data are compared 