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THE SQUTH OCEAN AND ANTARCTICA ACCORDING TO GRAVIMETRIC DATA.
P. A. Stroyev.
Page 2.

Work is dedicated ¢to research on gravitational field
and structures of the earth*s crust and upper mantle of

!
south ocean and the limb =zone of antarctica.

Is given survey/coverage of the contemporary state of
the geophysical study of the region being investigated. Is
given detailed characteristic of gravimetric measuraments in
the south ocean and the Antarctic. 1Is given description of
equipment, procedure of photographing and treatment of the
materials of observations; 1is given the evaluation of the
accuracy of obtained gravimetric data. Considerable place
occupies the detailed characteristic of the gravitational
field of region of earth being investigated; are given
gravimetric map/charts; is examined communication/connection of
gravitational field with other physical fields; is made the
conclusion about isostasy and the density heterogeneity of
substance suppress crusts and upper mantle. Separate chapter
is dedicated to the questions of the deep structure of the
earth®s crust of ocean and transition region; is given the
circuit of the thickness of the earth*s crust, are given
some cut/sections.

Tables - 3, References - 105 titles. [llustrations - 24,
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Page 3.

INTRODUCTION 1.

POOTNOTE 1, HMonograph 1lights the results of investigations

as of on Januvary 1969. ENDFOOTNOTE.

Research on the gravitational field of the Earth is
necessary for the solution of scientific and practical
problems. In application to astronomy and geodesy, the
knovwledge of gravitational field makes it possible to draw
conclusions about the figure of the Earth, to obtain the
deviation of geoid from ellipsoid, and also the deviations
of vertical 1line. The knowledge of the form of geoid and
plumb inclinations makes it possible to base
cartographer-topographic works on astronomical points, vhich
for the regions, not encompassed by triangulation, is

especially importante.

In application to the Common/general/total prCoblems of
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geology and geophysicists research on the distribution of
the gravitational field, connected in many instances by
specific relationships with the structures of the earth's
Crust, serves as ohe Of the wmethods of the knowledge of
the geologic structure of the studied region. Research on
the field of the anomalies of the force of gravity makes
it possible to judge the thickness of the Earth's crust,
the presence of the densitY heterogeneity of the crust and

mantle of the Earth.

At the present ¢time, in the epoch of intense research
on space with the aid of artificial satellites and rockets
the knowledge of the gravitational field of the Earth

acquires important value-

In application to antarctica, research omn gravitational
field has especially important value on the strength of
specific character and special feature/peculiarities of this
continent. Antarctica - the contjinent, continuously covered
with ice; only 50/0 of its entire area is free from ice
land. Therefore research on the structure of this continent
is possible in essence only by the geophysical nmethods
among which the gravimetric method occupies one of the

leading places. The knowledge of gravitational fiell nmakes

s Rl e,
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it possible to solve many important scientific and practical

problems of research on the

research on the figure of the

antarctic. In the sense of

Earth, the knowledge of the

surface of geoid in ¢ antarctic region is especially

valuable. In the region of

of topographic mapping. Since

grid/netvork of triangulations,

topographic works on enormous

cartography - this substantiation

antarctica is torn from the
the interrelationship of

territory is impossible without

the knowledge of plusb inclination. In the region of

geology and geophysicists the
field of antarctica makes it
and thickness of the Earth's
of the isostatic compensation

reveal/detect/expose the zones

knovledge of the gravitational
possible to study structure
crust, to determine the degree
for the sixth continent, to

of faults and disequilibriunm,

to investigate the structure of the bed of the bedrocks,

vhich 1lay wunder glacier.

Page 4.

For the wvater area of

same problens.

Systematic research on the

south ocean, research on

gravitational field is necessary for the solution of the

south ocean and antarctic

oS
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beginning in the period of international geophysical year
(1956-1958) is continued up to nowe In the studies of
these regions of the Earth, take part wmany countries, and
first of all the Soviet Union and ¢the Upnited States of

Amperica.

At the present time by Soviet and foreign geophysicists
in the south ocean and the antarctic is made the

considerable volume of gravimetric investigations.

The dominant role in conducting of wmaritime gravimetric
measurements in these regions by Soviet expeditions belongs
to the moscow state university and the especially State
astronomical institute im. P. K. Sternberg (GAISh). 1In 15
summer/years, from 1955 on 1969, GAISh carried out 11
gravimetric expeditions into the antarctic in the composition
of Soviet antarctic expeditions, participating in eight
voyages of the diesel-electric ship ™O0b'"™, one voyage of
the diesel-electric ship "Lena"™, one voyage of the research
ship "Professor 2Zubov". Together wvwith geologic faculty of
NGU [Moscow State University), was carried out the
expedition into the antarctic in the composition of whale

flotilla "Slava".
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This work is dedicated to research om gravitational
field and structures of the earth's crust and upper wmantle

of south ocean and the 1limb zone of antarctica.

Author took part in all stages of gravimetric
invYestigations of the GAISh in world oceans he was direct
participant or the leader of several expeditions, which
conducted the measurements of gravitational force inm south

ocean and in the antarctice.

In the work are generalized the results of 1S-year
investigations of the collective of the wsaritime gravimetric
expedition of GAISh. To all covorkers of this expedition,
and especially to the participants of the cruises, author

expresses heart gratitude-
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Page S,

Chapter 1.

GEOPHYSICAL INVESTIGATIONS IN THE SOUTH OCEAN AND THE FRINGE

ZONE OF ANTARCTICA.

By the name of South or Antarctic Ocean recently on
the initiative of the Soviet researchers (Treshnikov, 1967)
are separatesliberated the south parts of Atlantic, Indian
and Pacific Oceans, vhich surround continent antarctica. The
northern boundary of south ocean 1is conducted through the
extremities of the continents of Africa, Australia and south
America. The northern boundary of the antarctic is the
front of antarctic convergence, i.e., the zone of the
convergence of cold antarctic water with more wvarm wvater of
the subantarctic. Thus, south ocean on north is limited
approximately to parallel 309 south latitude, and the

antarctic - by parallel 50° south 1latitude.

Por the latter of 10-15 summer/years of the experiment

of the south ocean and antarctic, exceeded the
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investigations of entire preceding time. In period and after
international geophysical year (IGY) the very considerable
contribution to the cause of research on this region of

the Earth introduced Soviet researchers.

General information about the study of the antarctic of up

( to international geophysical yearse.

In the history of the study of the antarctic, it is

possible to outline three stages.

1. From middle of 8th to end of 19th centuries was
opened and investigated series of subantarctic and antarctic
islands and sections of coast of continent without

debarcation of antarcticae.

2. Prom end of 19th century to Second World War, was
conducted study of antarctic seas and small sections of
coasts of continent by expeditions, organized by private

individuals and scientific societies.

3. Prom end of Second World War up to now, is
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conducted investigation of south ocean and entire continent

of antarctica by international scientific expeditions, and

also 1large expeditions of some states.

The honor of discovery/opening the sixth continent of
the Earth belongs to Russian seafarers. The first Russian
antarctic expedition in the composition of sloops the T"east"
and *wpeaceful" under the command of F. P. Bellingshausen
and HN. P. Lazarev on 28 January 1820 approached for the
first time the 1ice continent of antarctica. Before end of
19th century, discovery/opening and research on the antarctic
wvas realized by accidental ships and expeditions. In essence
this were trade vessels (whalers, sealers). And only rare
expeditions conducted special scientific research of shores
of antarctic continent (expedition Dumont-d®'Urville, Ross,

vilkes).

Page 6.

English expedition on vessel "Challenger®™ in 1872-1876
conducted for the first time comprehensive investigations
(physical oceanography, biology, geology) in the
circumlittoral part of the continent in region of Wilkes

Land, Adelie Land, Victoria Land. Geologic data, obtained in

l‘h P
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‘this expedition by J. Murray, allovwed it final to arrive

at the opinion that the sSouth-polar continent exists not
only as formation from ice and the separate Earth, but

also as continent in geologic sense. J. Murray drew around
south pole single continent and gave for the first time to
it name "antarctic continent"™ (Lebedev, 1963; Treshnikov,

1963)

Interesting investigations in the antarctic vere made
during K. Larsen®s Norwegian wvhale expeditions (1893-1925).
Larsen reveal/detected the first fossilized petrifications in
antarctic peninsula. This were the pieces of the coniferous

trees vhich wvere related to tertiary time.

People's first onslaught ¢to ice continent produced L.
Kristensen's Norvegian expedition in 1894 of Cape Adare '
(Victoria Land). During this, C. Borchgrevink asseabled the
specimen/samples of the rocks vwhich had 1large value for
geologists, wvho discussed at that time the question
concerning that, are there in the antarctic a continent or

only an archipelago of islands-

The first 13-month ice drift in wvater of the antarctic

it completed the scientific vessel "Belgique" in
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Bellingshausen Sea in 1897-1898. The participant of this
expedition wvas young R. Amundsen, subsequently famous polar

researcher.

In 1898-1900 English expedition under C. Borchyrevink's
mapnagement /manual organized the first O9-ponth wvintering on
; antarctic continent (Victoria Land). During this expedition
| vas made sleigh expedition to south wmagnetic pole and vwvere
carried out the geologic analyses of wmountains of Victoria

Land.

In the beginning of 20th century to shores of
antarctica, vent four expeditions: British - to Victoria
Land, German - to Wilhelm II Coast, Swvedish - to Grahanm
Land, and scottish expedition on vessel "Scotia® to the
Weddell Sea. All four expeditions worked according to the
matched plan/layout. This was the first international

collaboration of the researchers of ¢the sixth continent.

The Tresults of the investigations of these expeditions
were very considerable. British expedition (R. Scott) gave
for the first time ¢the description of the Precasbdriam
foundation of East-antarctic platform and 1lying/horizontal on

it sedimentary thickness was sandstone the suite of Bikon

PRI
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(Perrar, 1907). German expedition (E. Drygalski)
open/discovered Gaussbergq Mountain and established that it is
the residue/remainders of young volcano (Reinisch, 1906). In
morainal deposits, besides granites and gneiss, vere detected
sandstones and limestone, which indicates existerce in the
depth of the continent of sedimentary rocks. Swedish
expedition (0. Nordenskjold) establish/installed the structural
and petrographic resemblarce of antarctic peninsula and
adjacent islands. Nordelskjold constructed the first

geotectonic circuit of antarctica (Nordenskjold, 1913).
Page 7.

The expeditions described above initiated to geophysical
invVestigations in antarctica. Participant of British

expedition 1898-1900 L. Bernakey recorded for the first time
on the sixth continent the seismic wvaves of distant
earthquakes. The very same for the first time in antarctica
fulfilled the pendulum determinations of the force of

gravity.

In the beginning of the second decade of the 20th
century im antarctica wvent five expeditions: Norwvegian (R.

Amundsen), English (R Scott), Australian (D. Mawvson), German
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(. Pilchner) and Japanese (C.

these expeditions jntroduced the

research on the continent

and its geologic structure.

Simultaneously wvith works on

maritime scientific
|_mparine geology. Ir
gliaciology and Athe

investigations

expedition of

the antarctic. This Committee was

mapping of antarctic coast,

oceanographic investigations,

sea bottonm.

In the 1920-1930°'s four

antarctica the very extensive

Christensen, 1929-1937),

1928-1929) , American (R. Byrd,

British-Australian-New-Zealand (D.

period of research on antarctica

beginning of the wide application

Christensen's expedition conducted

coast of east antarctica from 22

1933-1935 was completed the first

flight/passage (L. Ellswvorth) from

‘

Shirase).
significant contribution

(especially

In 1925 began the systematic English

conducting biological

research

expeditions,
studies:

Anglo-American

1928-1930)

Mawson,

The results of

to
of

coast) antarctica

B

continent wvere conducted

in hydrology, meteorology,

the Discovery Comaittee in

placed with its problenm

and

on the relief of the

conducted in

Norwegian (L.

(He Wilkins,

and

1929-1931). This

signifies itself by the

of aviation. So, L.

the aerial photography of

to 839 east longitude. 1In

trans-Antarctic

antarctic peninsula to the

R PN e
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Ross Sea during wvhich the Sentinel Range vwvas discovered.

In R.
stricture of
an attempt
Ce Poulter

position of

Byrd's second expedition for research on the

antarctica, was undertaken for the first time

to utilize methods of exploration geophysics. T.

with the aid of seismic survey refined the

the east coast of the Ross Sea, vhich is

located under ice, and determined the powver/thickness of ice

in a series

1947) «

In 1938
the work of

Second VWorld

of the points of this sea (Poulter, 1939,

bejan work R. Byrd's third expedition. However,
this expedition was interrupted by the begun

War.

After var into 1946-1947, R. Byrd organizes his fourth

expedition into the antarctic. In it took part of

approximately

4400 people, of them 4000 military. Were used

poverful cross-country vehicles, aviation, ice-breaker of law

court, aircraft carrier and the submarine. The scientific

vorks of expedition were reduced in essence to the aerial

photography of the circumlittoral 2zone of continent and the

hydrophysical

analyses of coastal wvaters. Por the first time

in antarctica were carried out aeromagnetic investigations.

Audse

T S
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With magnetometer vwere completed four flights. One Of the
interesting results of this expedition wvwas the conclusion
about the displacement/movement of south magnetic pole on

270 km to the northwest (Sholes, 1953).

Page 8.

A Norwvegian-British-Swedish expedition vwintered 1into
1949-1952 at Queen Maud Land. Expedition conducted works in
radius 600-700 km on the investigation of the geologic
structure of region, the measurement of the thickness of
ice (for the first time on ice continent vere made the
drill holes to depth 100 m). The expedition was the first,
vhich applied the methods of exploration geophysics [of
route by 1length 600 km wvas made more than 50 points of
the seismic soundings of ice for explaining the basic
features of the morphology of under-ice bped (Robin, 1964) ).
This expedition establish/installed the twvo-level structure of
an east-antarctic platform and the block structure of

mountains of Queen Maud Land.

In 1954 was created the Australian station of MNawson
on the shore of MacRobertson Land. This expedition inspected

many regions of this part of the antarctic coast and it
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completed intracontinental expedition by extent of
approximately 650 km. In expedition were conducted seisaic,
gravimetric and magnetic observations for determining the
pover/thickness of ice and research on the geologic

structure of stone bed.

At this time their investigations in the antarctic
conduct the English, Prench, Argentinean and Chile
expeditions, which organized a series of scientific statioms
on the sixth continent and the surrounding islands.
Simultaneously in water of the antarctic work several
maritime expeditions (American ice-breakers "Edisto"™ and
wgurton Island", the French vessel "Commandant Charcot",
Chile vessel "President Pinto"™ et al.). In 1954 into the
antarctic, was sent the ice-breaker of the navy of the USA
"Atka® (vorker in the antarctic and by the present time),
that began preliminary investigations in the program of

international geophysical year.

Thus, at the beginning of the 1950*s antarctica was no
longer Terra incognito-. The sixth continent of our planet
became the subject of the investigation of wmany countries,
and by ¢this time narrover were formed the specific views

on nature and its structure. Hovever, the study of

e




S,

DOC = 78008701 PAGE 22 7/

antarctica concerned only circumlittoral
the strength of geographical conditioas
distapce from basic coastal bases) vas

investigations, than internal regions.

Let us exalihe the study of south

MGG

part. Limb zone on
(mainly small

more available for

ocean and the 1limd

zone of antarctica im period of (JGY and after it.

4

Geophysical investigations in a° south ocean and in the 1limb

zone of antarctica.

study of the relief of the bottons.

~

The first systematic information about the relief of

the floor of south ocean is contained

in the reports of

expedition on vessel "Challenger®™ 1872-1876. All the

subsequent expeditions, equipped into antarctica, constantly

conducted research of depths and morphology of the bottom

of sea.

Page 9.

!
|
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The first bathimetric map/charts of

antarctic seas and

their regions appeared at the end of the 1920's - the

beginning of the 1930's. Thus, in 1930

from the works of

the Discovery Committee vere comprised the bathimetric

map/charts of area of ¢the Scotia Sea,

the 1islands of Bellingshausen Sea.

Subsequently research on the relief

antarctic peninsula,

of the ocean floor

vas developed sufficiently intensely, especially with the

introduction of sonic depth finders. 1In

expedition 1986-1947 aboard all 13 ships,

R. Byrd*s 4th

there wvwere sonic

depth finders, and constantly vas conducted the measurement

of the sea bottom. Hovwever, the results

only partially published.

In period of IGY, wide research on
bottom vas conducted by research vessels
Australia, Japan, New Zealand, Argentina,
the countries. Unfortunately, the results

vorks are published very slowly.

of these works are

the relief of the
of the USSR, USA,
Pfrance, etc. of

also of these

From the investigations of recent years nmost significant
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are the nmeasurements, made from ships ®"0b*'® (USSR), "vViga"®
and "Eltanin® (USA). These investigations because of the
obtained continuous recording of the echo sound signals made
it possible to reveal the parts of the structure of the
bottom in all sectors of south ocean. The measurements of
expeditionary vessel the ®obh*'"® - the flag officer of Soviet
antarctic expeditions (SAE) - only during the period of
floating in the antarctic from 1955 on 1963 are made for
the extent/elongation more than 150 thousand ailes (Zhivago,
1967)«+ An especially dense grid/network of suUrveying tacks
falls on area of sea of Davis and the circumlittoral part
of the antarctic continent within the 1limits of the 1Indian
sector of the antarctic. As a result of the works of
American expeditions, very is studied in detail the relief
of the bottom at Ross Sea and in Pacific Ocean sector.
Less detailed is studied the bottom of the south part of

Atlantic Ocean.

The studies of undervater relief and Dbenthic
sedimentation showed that the floor of south ocean has very
complex structure. Are separate/liberated basic
morphostructures - the vast cOaPlexeS of relief (shelf,
continental slope, island arcs, oceanic swvell/rampart/rises

and undervater ridges, median oceanic spine/ridges, deep-vater

e e e it B R b A i
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basins and so forth), the corresponding to the specific

structural cell/elements earth®s crust. These forms are
created by endogenous processes within the upper part of

the Parth. On the background, created by morphostructures,
are superimposed smaller in the size/dimension of the forn
of bottom relief, caused by processes on ¢the bottom and in

the agqueous medium of ocean (2hivago, 1967).

Data on the relief of the bottom of the antarctic in
conjunction with results of geophysical and geologic
investigations make it possible to =make an attespt at
research on the structure of the earth's crust and  upper
mantle of this insufficiently studied region of terrestial

globe.

Seismic and seismological observations,

The sSeismic study of the Southern Hemisphere and
especially south ocean is considerably wvorse, rather than
northern. If in the Northern Hemisphere seismic wvorks for
the target/purpose of research on the deep structure of the

earth®s crust are conducted narrower for 20-25 summer/years,
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then in the Southern Hemisphere they are conducted only for

last/latter 10-15 summer/years.

Page 10.

In near-Antarctic wvater these investigations are absent, with
the exception of the Scotia Sea and the Southern-Antilles
arc, Oon the very continent of antarctica, deep seisnic

sounding to 1969 wvas not conducted 1.

POOTNOTE . In Nay 1969 on antarctic continent vwere for
the first time carried out deep seismic soundings. The
geophysicists of NIIGA (Leningrad) fulfilled them along
profile by 1length 430 km in region of station
Novolazarevskaya. The depth of the MNohorovicic surface,
obtained as a result of these works, changes on profile
from 27 to 42 km, moreover revealed block structure of the
earth®s crust. These data confirm the results, obtained by
gravimetric method for the limb zome of antarctica (A. L.
Kogan. Results of deep - seismic soundings of the earth's
crust in Fast Antarctica. - Reports of Soviet geologists
and geophysicists at the II-nd International Symposium on

Antafctic geology. Oslo, August, 1970, Leningrad, 1970.
ENDFOOTNOTE .
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The first seismic works in south ocean, obviously, one
should consider the seismic investigations by the method of
the reflected and refracted waves, made into 1959. By
Lamont geologic observatory (LGO) together with Woods Hole
oceanographic institute on the wvestern continental slope of
south America from Buenos-Aires to Cape Horn and at Scotia
Sea between the Palkland and sSandwich Islands (Pig. 1).
Works Wwere conducted according to program of IGY (Woollard,
1960). Here for the target/purpose of research on the
structure of sedimentary thickness, are made several profiles
one of which 1is stretched on continental shelf from 35 to
57° south latitude. To the south of PFalkland 1Islands, is
obtained ¢the full/total/complete <cut/section of the earth's
crust and is determined its pover/thickness. Investigations
in region of South Georgia 1Island and the South Sandwvich
Islands are connected several profiles, wvwhich are stretched
from 848 ¢to 57° south 1latitude and which intersect the
South-Antilles Ridge. Although the total thickness of crust
is not here determined howvever the upper part of it |is

studied sufficiently fully.
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Subsequently Lamont geologic observatory conducted the
large volume of seismic wvwork in Argentinean basin. Works
were fulfilled on research vessel ®“vima" into 1961-1963. VWas
here studied in detail the structure of sedimentary
thickness, furthermore, wvwas obtained the full/total/complete
cut/section of the earth's crust on the 45th parallel froms

48 to 639 west 1longitude (Bwing et al., 1964).

In the Strait of Magellan are made 22 seismic stations
according to the wmethod of refracted waves. Here is studied
in detail the <cut/section of the earth's crust at entire
its depth of up to Mohorovicic boundary (Ludwig ct a/.,

1965) .

Aade
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Fige 1. Circuit of the seismic study of south ocean and
antarctica. Compiled by P. A. Stroyev. ! - raoute of

inner-Antarctic expeditions; 2 - profiles of the maritime

investigations by the method of the refracted wvaves; 3 -
points of point seismic investigations; 4 - area seisaic

investigations; S5 - route of the waves of earthquakes and

pomse——————E
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value of the thickness of the crust, km; 6 - epicenters
and the dates of earthquakes; 7 - seismic observatories; 8
~ profiles of the maritime investigations by the method of

the wvaves reflected.

KeY: (). Africa. (2). Is. Madagascar. (3). South America.
(¢). Antarctica. (5). Mawvwson. (6) Amundsen-Scott. (7). Byrd.

{(8). Scott. (9). Mirnyy. (10). Wilkes. (11). Hallett. (12).

Dumont-d*Urville. {(13). New Zealand. (14). Australia.

Page 12,

In 1962-1963 English expedition on ships "Schackleton"®
and “Protector® fulfilled profile by 1length of approximately
2000 km according to the method of the refracted waves
from South Orkney Islands to South Georgia Island south
through Scotia Sea (Allen, 1966). Here sufficiently is
studied in detail the structure of the upper part of the
cut/section of ¢the earth's crust tc boundaries vwith a
velocitY of 5.7-6.2 km/s. In three points are obtained the
boundaries with a velocity of 7.6-8.0 ka/s, identified with
the baSe of the earth's crust. At this time it wvas made

5 seismic profiles, each by 1length 30 km, in Bransfield




—
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Strait, separating South sShetland 1Islands from antacctic
peninsula, The purpose of the wvwork vwere the determination
of the structure of the earth's crust and the control of
the interpretation of the gravitational and magnetic data,

obtained earlier (Cox, 1964).

In 1962-1965 Lamont observatory fulfilled the
considerable volume of seismic work with the nmethod of the
vaves reflected in the south Atlantic between 118 and 40°
south Jlatitude for the target/purpose of research on

sedimentary Covering, structure and tectonics of this region.

In the JIndian Ocean to the south from the 30th
parallel, seismic investigations vere carried out into 1959
according to program of IGY. At the southeast shores of
Africa were taken 12 stations by the method of the
refracted waves on the ships "Vima" and “Vraystat". Was
here obtained the full/total/Complete cut/section Of the
earth®s crust. Typically wmantle speeds B8.10 km/s were fixed
at certain stations (for example, to the east from Durban)

(Woollard, 1960).

In 1960 coworkers of LGO on the vessels "visa" and

"pDiamantina® carried out seismic investigations in the Perth




|
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Basin and to the south from Adelaide. Observations are made
according to the method of the refracted wvaves on 8
profiles of the south-west shores of Australia and to 3
profiles to southwest from Kangaroo Island. On some sections
in these regions, is obtained the full/total/complete

cut/section of the earth's cruste.

In 1962 seismic wvworks of shores of south Africa were
carried out by South African researchers to research ship
"Natal'"., 4Works vwere fulfilled ¢through the program of
international 1Indian Ocean expedition. In the complex of
geophysical investigations, were conducted seismic vorks on
the method of the refracted wvaves, In all wvere made about
20 stations. Was here obtained the full/total/complete
cut/section of the earth's crust. Unfortunately, data are

published only on two stations (Green, Hales, 1966).

The considerable volume of work is made in Indian
Ocean into 1962 in expeditions "Nonsoon®™ and "Luziad“,
organized bY the Scripps Oceanographic Institute. Works were
conducted by the method of refracted wvaves on the ships
"Argo"® and "Gorizont". On the wvater area between 30 and
40° south latitude, it is made about 15 stations. on the

ma jority of stations, was obtained the full/total/complete

Madche
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cut/section of the earth's crust (Riedel, 1964).

Unfortunately, basic part of these data is not published.

Analogous vworks were made by Soviet scientists in the
1964-1965th in the 36th voyage Of the research ship
"vityaz*". Between 30 and 40° south latitude it is made of

6 stations of deep seismic sounding (Udintzev, 1966).

Page 13.

Research on the deep structure of the earth's crust by
Seismic method in the south regions of Africa and Australia
wvas conducted on the basis of the utilization of special
and industrial explosions. Are here obtained the total
power/thickness of the terrestrial crust amd in certain
cases cut/sections throughout the wvhole depth (Gurariy,

Solov®yeva, 1963).

The south part of Pacific Ocean (to the south from
J0° south latitude) by seismic methods almost in no wvay
studied. Here there are a total of ¢two p[points of the deep
seismic sounding wvhere is obtained full/total/complete
thickness of the Pparth®s crust (Officer, 1955): in Tasmsan

Sea (¢ = U402 gouth latitude, X = 160° east 1longitude) and
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Piji Sea (¢ = 30° south latitude, X = 162° east

longitude) .

During May 1966 1LGO made about 15000 km of profiles
by the method of ¢the wvaves reflected in wvater around New
Zealand on the ships "Vima" and "“Conrad®™. As a result of

these works, is studied the structure and the propagation

of sedimentary thicknesses in the structures of Newvw-Zealand

basin.

The considerable volume of seismic work in antarctic
vater of Pacific Ocean wvas nmade on the American nuclear
vessel "Eltanin"® in 1965-1966. Investigations in the wmethod

of the vaves reflected made it possible to establish that

the pover/thicknesses of sedimentary thicknesses in this part
of the south ocean reach 1 km (Heirtzler, 1967). More
comprehensive data on these wvorks, until now, is not

published,

Besides precise seismic methods of research on the
structure of the earth's crust, information about the
thickness of crust, they can be obtained on the recordings
of the wvaves of earthquakes. On Fige 2, is given the

map/chart of the seismicity of the antarctic during period

R meeee— W
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epicenters of earthquakes, are used the materials of seismic

observations for period of IGY and 1later, and also more

epicenters of the earthquakes of Antarctic seismic belt/zone

Islands) and region of New Zealand <~ Macquarie Island and
Balleny Islands. The coincidence of antarctic seismic

belt/Zone with the ring of Mlpine folding structures 3
confirms the presence here of the contemporary sharply

differentiated tectonic motions.

1910-1960. For the construction of the map/chart of the

known data on this region.

The analysis of this map/chart shows that the

adapted to young underwvater folding wuplift/rises. The

seismic are the Scotia arc (especially South Samdwvich

Oon the antarctic continent, until now in all

probability is recorded not one earthquakes. However, the

conclusion about seismicity of the sixth continent to draw

thus far is premature (Kogan, etc., 1965). It 1is necessary

increase the naumber of stations, to improve ejuipment

procedure of observations. In other words, are necessary

further observations.

For the antarctic and the south ocean, data on the

—
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dispersion of the surface vaves, vhich appear during
earthquakes, are determined from antarctic stations Mirnyy,
Hallett, Scott, and also from the Seismological stations,
arrange/located in south America, New 2Zealand and other

places of terrestial globe.

Page 4.

These stations constantly record/write earthquakes and
commUnicates the results to the international centers of
data. The <combined interpretation of observed data nmade
possible to study the character of ¢the earth's crust in
the south ocean and the antarctic. This wethod wsakes it
possible to establish/install the average/mean thickmess of
Crust along oscillation 1loop Vvith error +¢100/0, moreover

result it depends on the predicted model of the earth's

Crust.
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Fig. 2. Map/chart of the seismicity of the antarctic during

period from 1910 on 1960 (on S. D. Kogan et al., 1965).

Key: (1). Tristan da Cunha. (2). South Atlantic Ridge. (3).
Atlantic Ocean. (4). African-Antarctic rise. (5). South
Antilles Ridge. (6). Scotia Sea. (7)« Africam-Antarctic

basine (8). Indian Ocean. (9). South America. (10). Wweddell
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Sea. (11) . Halley Bay (British). (12). HMawvson (Australian).

(13). 1Isles de Kerguelin (Pr.). (14). Antarctica. (15).
Pacific Ocean. (16). Bellingshausen Sea. (17). South pole.
(38) . Amundsen-Scott (USA). (19). Davis Sea. (20). Kerguelin
Ridge. (21). Byrd (USA). (22). Mirnyy (USSR). (23). Oasis
(USSR)« (24). Amundsen Sea. (25)- Scott (N. Zeal.). (26).
Wilkes (USA). (27). Ross Sea. (28). Hallett (N. Zeal.,
USA) - (29). Dumont-d®Orville (Fr.). (30). Balleny Islands.
(31). D*Urville Sea. (32). Australo-antarctic basin. (33).
Australo-Antarctic Rise. (3%). South-Pacific Ridge. (35).
Macquarie (Australian).. (36). Nev Zealand plateau. (37).
Tasmania. (38). New 2Zealand. (39). Australia. (40). Tasman
Sea. (41) . Classification of the epicenters of earthquakes
in intensity. (42). Group. (43). Epicenters of earthquakes,

determined v. (44). Seismic stations.

Page 15.

Because of this on the basis one and the same initial
data by some researchers (Evison et al., 1960, Press,
Dewvart, 1959) was obtained average power of the crust of
east antarctica, equal to 35 km, and Western antarctica -

25 kme whereas by oOther reSeafcherS (Bentley et al., 1960;
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Bentley, 1964; Kovach, Press, 19671) wvith respect 40 and 30
km. Nevertheless as a vhole the analysis of wvave dispersion p‘

and Lr vhich intersect antarctic continent in different

directions, wmakes it possible to make the conclusion that
antarctica 1is characterized by continental type crust with
pover/thickness 35-40 km (see Pig. 1). For the oceanic
sections of the routes of wvaves, is given the thickness of
crust 5 and 10 kam, i.e., thickness typical for oJceanic

type Crust.

The more careful analysis of data of seismology with
their considerable quantity sometimes makes it possible for
researchers to establish/install some special
feature/peculiarities of crust and mantle of the specific
regions. So, the analysis of the wvave dispersion of
Rayleigh in the east parts of Pacific and 1Indian Oceans
made it possible to establish/install the difference in the
structure of wupper mantle near Pacific and 1Indian Oceans.
In the layer of upper mantle in the east part of Pacific
Ocean, must be the layer with the 1lowered/reduced speed
(7.8 km/s) and power/thickness of approximately 33 km (Aki,
1960; Kovach, Presss 1961). In the east part of 1Indian
Ocean, is observed the "normal"™ cut/section of crust and

mantle. Layer with the lovered/reduced speed assumes "soft"
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mantle. The analysis of these given together with data heat
fluxes allowed B. Heezen (Heezer, 1960) to trace the
continuation of the Eastern Pacific Ocean elevation to

California.

Measurements of heat flux.

Research on heat flux is based on the determination of
temperatuUre gradient (%%‘) at measuring point. Knowing the
temperature conductivity (thermal conductivity) of
precipitation, is determined the value of heat flux

according to the forasula:
0 ik

All the wmeasurements, as a rule, are conducted near the
surface of the bottom, in sedimentary layer, where is

omitted on cable cylinder with sensing element.

To 1966 in seas and oceans, were made about 1000
measurements of heat flux (Herzen, Langseth, 1965). To the
lct of the Southern Hemisphere, feels almost the half of

all measurements, In the studied by us region (to the
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south from 30° south latitude,) are counted about 100

points where is known the value of heat flux (Fig. 3). 1In
near-Antarctic water (to the south froa 60° south latitude)
of such nmeasurements a total of four. This is region

bet¥een New Zealand and Ross Sea.

Page 16.

There is report/communication, that measurements of heat
flux they vwere carried out at some staticns in the
Antarctic part of the Pacific Ocean in band 60-68° south
latitude on the American vessel "Eltanin®" (Heirtzler, 1967).
Hovever, the results of ¢these works, until now, ace not
published. As concerns the continent of antarctica, ¢to the
season of south-polar summer/years 1967/68. New-Zealand
antarctic expedition wvas included in the plan for its work

of investigation in heat flux.
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Key: (A)e Africa. (B). Is. Nadagascar. (C). South America.

(D). Antarctica. (E). New 2Zealand. (PF). Australia.

Page 17.

Was provided for to conduct the measurement of heat flux
through the bottom of McMurdo Sound and Bonnie and Wanda
Lakes, and also some nmeasurements in region of Rennick
Glacier. However, the results of these vorks on, until now,
are unknown. All the measurements of heat flux in oceans
are made in essence by American geophysicists from the
Scripps Oceanographic Institute and the Lamont geologic

observatory of Columbian university (Herzen, 1964).

Heat flux on the water area of south ocean changes
vithin extremely 1large 1limits from the values, close to
zero (0.01 pucal/cm2es), to 3.06 pcal/cm2es. For lack of
data now it 1is difficult to make any conclusions about
commupication/connection of heat fluxes with one or the
other structural cell/elements of the earth's crust. However,
subsequently data on heat fluxes will aid us to reveal and
is more full to eXplain some special feature/peculiarities

Of the physical fields of ¢the Barth in the Southern
Hemisphere.
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Magnetic investigations,

Magnatic observations in the antarctic, and also during
the vater area of south ocean especially widely began ¢to
be conducted during the IGY. On the shore of Pravda Bereg
in region of observatory Mirnyy in 1956-1957 1st SAE vwere
made aeromagnetic observations (Glebovskiy, 1960). In
1960-1961 these works they wvere continued Sth SAE. During

October 1960, vere realized the flights along the routes:

1) Mirnyy - 1Is. Pobedy - point 59.3° south latitade,

103.0° east longitude - Mill Is. - Drygalski Is. - Mirnyys
2) mMirnyy - Drygalski Is. - point 58.9°9 south latitude,
86.3° east 1longitude - Cape Penguine.

The total length of these profiles comprises
approximately 4000 1linear kilometers (Pige 4). Aerial
magnetometer ASHAG-25, intended for continuous and automatic

measurement AT, in flight, was tugged by aircraft of

IL-14. Plight altitude vas 300-400 m (Lastochkin, 1967).
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In flight along route HNirnyy-Lazarev in this same
expedition was wmade the aeromagnetic profile
Mavson-Seva-Lazarev by extent 2260 ka, HNeasurements wvere
carried out in essence above coastal waters of antarctic
seas at heights from 100 to 300 m. When conducting of
aeromagnetic photographing at (Queen Maud Land (Lastochkin,
1967) in 1960-1961 it was made two maritime profiles by
extent of approximately 1500 km enroute: Lazarev is a point
64.1% soyth 1latitude, 13.5° east longitude - a point 66.9°
south latitude, 15.3° east longitude - Lazarev. In all way
of flight, are obtained the values of anomalous magnetic

fields

In vater of south ocean, mnagnetic survey was conducted

also by expeditions aboard ships.

The second Japanese antarctic expedition into 1957-1958
conducted the measurement of the components of magnetic
field im Luetzow-Holm Bay and on twvo routes: Capetown-Seva

and Capetown-Singapore (Oguti, Kakinuma, 19959).
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Pige 4. Circuit of the wmagnetic study of south ocean and

the 1limb zone of antarctica. Compiled by P. A. Stroyev. 1

- route of aeromagnetic photographing; 2 - route of

s

ground-based magnetic survey; 3 - sections of area works; &
- routes of hydromagnetic works; S5 - points of point

measurenents,

Key: (1) Africa. (2). South Georgia Island. (3). South ]
Sandvwich Is. (4) . Falkland Is. (5)« South America. (6) « |
Isle de Kerguelin. (7). Antarctica. (8). New Zealand. 9

Australia.

Page 19.

The measurements of magnetic field wvere fulfilled with
the aid of the tugged smaritime three-component proton

magnetometer. The accuracy of nmeasureaent coaprises +10y.

Hydromagnetic observations were conducted also in 2nd
and 3rd SAER aboard the diesel-electric ship ™Ob*" (Guzeyev,
1962). Cell/elem2nt measurements of nmagnetic field wvere
conducted on some stations by the stationary 3

established/installed on vessel sensors of ferroprobe &

B SHPIAp SR RN
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magnetometer. As a vresult wvere obtained the absolute values
of comprising 2 and H. In the diagram of magnetic study
(see Fig. 4), these measurements are shown in the form of

points.

Hydromagnetic observations in the Pacific Ocean sector
of antarctica between Australia, New Zealand and antarctica
are carried out by Japanese antarctic expedition into
1964-1965 on vessel *"Umitaka-Maru"™ (Tomoda., 1966). The

results of these wmeasurements thus far are not published.

In sector bbundary by New Zealand and Ross Sea the
expedition on the vessel “Endeavor" fulfilled magnetic
measurements into 1958-1959 and into 1963. General magnetic
field strength wvas measured with the aid of the tugged
nuclear magnetometer. The accuracy of measurements comprises

+(10-30) y.

The considerable volume of hydromagnetic investigations
is made into 1961-1962 by English antarctic expedition
(Griffiths et 3 , 1964) . The measurement of the
full/total/complete vector of magnetic field is made with
proton magnetometer aboard the research ship "Shackleton".

Region of works covers entire wvater basin of Scotia Sea,

Drake Stralt and 1sland arc.

————eeiaaall
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magnetic measurements are carried out on the wvater area ' A
of 1Indian Ocean, including in its south part, by the

covorkers of the Scripps institute of oceanography in
expeditions "Monsoon" and "Luziad" into 1960-1963.
Observations are carried out along the system of profiles
to research ship "Argo™ with the aid of the proton

precision magnetometer. Unfortunately, the results of this |

photographing, until now, are not published.

Generally it must be noted that the results of
maritimse magnetic measurements are not largely published. 1In

the wmajority of cases, are published only very common

sketches or extremely small-scale profiles of the 3
full/total /complete vector T (or H and 2), but not

anomalies AT. All this, of course, impedes their

quantitative interpretation and nmakes it possible to evaluate
only gqualitatively character and the special

feature/peculiarities of magnetic field.

Aeromagnetic photographing on maritime routes at Davis
Sea recorded alternating magnetic field with amplitudes

500-800y (Lastochkin, 1967). The 1local character of anomalous

o
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fields testifies to the shallow occurrence of the
perturbation objects. The depths of sea do not exceed here

600-700 =mn, therefore, magnetic anomalies in all probability

are connected wvith the undervater projections of strongly
magnetic rocks of «crystal basement. At large removal/distance
from shore, vhere the depths of sea reach 3000-3500 m, the
alternating/variable character of field, apparently, has

commud jcation/connection with the issuing from underwvater

lavas. y
Page 20. J

The greatest brokenness of magnetic field (it is wmore
than 2000y) is observed along coast of east antacctica
betveen stations Mirnyy and Lazarev. This is partly
explained by the 1lowv height of photographing and by the
small depth of sea at the shore. The cut character of

field with considerable amplitudes testifies to

approach/approxisation to the topographic surface of the |
rock/species of Archean metamorphic complex. Alternating
magnetic field wvith amplitudes from 200 to 1000 y is

recorded on wmaritime routes to north from station Lazareve.

Hydromagnetic photographing at Scotia Sea revealed the ;
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high abnormality of South Georgia Islands, South Sandwich
Islands, South Orkney. 1In Drake Strait, typical magnetic
anomalies have a direction east- west, 1i.e., they coincide
with ¢the directions of basic geologic structures. Data of
magnetic survey indicate the block structure of the upper

part of the earth's crust.

The profiles, which intersect south ocean from shores
of anmtarctica to the <continents of Africa, to Australia and
between the latter show the followving character of magnetic
field. The ocean basins with depths 4000-5000 =w are
characterized by alternating magnetic field with anomalies
+(200-300) yo Above @mid-oceanic ridges anomalous magnetic field
has sharply alternating/variable character, the values of

anomalies in rift zones they reach +1000y.

The 2Zones of Jjunction from ocean to continents are
characterized also bY sharply alternmating magnetic field with
the amplitude of anomalies ¢(500-1000)y. This is explained
by approachsapproximation to the topographic surface of

magnetically active bodies.

It should be noted that the report of geophysical

investigations enumerated above by no wmeans does coapletely
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encompass all vorks, which were being conducted in south
ocean and the 1limb zone of antarctica. On wmany wvworks are
given Vvery short report/communications. So, we almost nothing
know about the results of investigatioas, vhich vere being
conducted by American maritime antarctic expeditions. Fronm
July 1962 through May 1966, the reséatch vessel "Rltanin®
completed 23 floatings in the Pacific Ocean sector of the
antarctic. The main regions of investigations wvere Scotia
Sea, Drake Strait and water of the south ocean betveen NeVw
Zealand and Chile. Aboard of vessel, were conducted seismic,
magnetometric, gravimetric and geologic investigations, the
measurements of heat flux, the photographing of the sea
bottom and many other investigations (Sandved, 1966).

Unfortunately, the results of these vworks are not published.

As oncerns geophysical investigations in the 1limb zone
of antarciica, then their results have presented in
sufficient detail wve in the work "earth®s crust of the
limb 2Zone of antarctica" (systeas, etc., 1967). As concerns
later works, about them it is described in A. P. Kapitsy's

vork "under-ice relief of antarctica" (1968).

Data presented above on the study of south ocean and

the 1limb 2zone of antarctica show that this study still is
extremely insufficient.
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Page 21.

A very small gquantity of seismic cut/sections to
Mohorovicic's boundary in south ocean and an absence of the
same on the sixth continent do not make it possible to
make any concrete conclusions about the structure of the
earth's crust and upper mantle of this region of terrestial
globe. Therefore Jjudgment about power/thickness and structure
of the earth's crust of antarctica is necessary to make
only on the basis of indirect methods. Is related the
gravimetric method. The anomalies of the force of gravity
vill contain sufficient information in order to draw
common/general/total conclusions about powver/thickness and some
lines of the structure of the earth®s crust and upper
mantle, to obtain the representation of depth and character
of the basic bed of glaciers and to evaluate the isostatic

state of region being investigated.

On the strength of the special feature/peculiarities of
the structure of the sixth continent (glaciation), and also
the special feature/peculiarities of method itself (mobility,

transportability, cheapness, etc.) the gravimetric aethod has
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Page 22.

Chapter IlI.

GRAVIMETRIC INVESTIGATIONS IN THE SOUTH OCEAN AND THE

ANTARCTIC

Maritime Jravimetric works of the wmoscow state university in

the south ocean and the Antarctice.

Long time the production of gravimetric observations at
sea was considered impossible as a result of the
considerable effect of slope/inclinations and acceleration,
created during the wmotion of sShip under the actionseffect
of agitation. These effects reach 100000 mgal (acceleration
during which are possible the wmaritime gravimetric
measurements), while most measured value Ag composes several

mgal or dozen mgal. Moreover value A4g must be measured

vith accuracy on the order of ¢1 mgal.

it I i i Siniii
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Only in the beginning of the 20°s of our century Fe.
2 Vening-Meinesz devVeloped the pendulum method of the

observation of the force of gravity at sea. He found the

methods exception/elimination and account of the effect of

the different parturbation acceleration and created the
special type of pendulum instrument for maritime

cbservations. During 1923-1930 Vening-Meinesz was conducted

several underwvater gravimetric expeditions on the water areas
of Atlantic and 1Indian Oceans, in inland and redder seas

and in water of seas, washing the island of Indonesia.

After the publication of Vening-Meinesz®s method, the
professor of the astronomical institute of Moscov University
L. V. Sorokin immediately (into 1928) began to develop
maritime gravimetric works in the USSR. He designed pendulum
gravimeter for observations aboard ship. The first experiment
floating on the submarine took place into 1930 1in black

Sea.

The subsequent floatings were conducted by L. V.
Sorokin in black sea in 1933, 1934 and 1935. In all in

black sea were determined more than 120 gravimetric pointse.

P -—
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Then L. V. Sorokin completed the task regarding
gravitational force on the water areas of the Sea of Japan
and Sea of Okhotsk. Photographing was carried out in summer

of 1937. In this expedition were determined 170 gravimetric

points.

Voyages of L. V. Sorokin were the first step/pitches
il in the investigation of the force of gravity at sea when

was tested equipment and were studied conditions and very <

bl

J possibility of such observations. However, narrower these

‘: first measurements were carried out sufficiently accurately. |
% The comparison of the prevar measurements of L. V.o Sorokin t

2f with contemporary data showed that photographing, vhich was i

;S being conducted by L. V. Sorokin, does not have systematic

errors and 1is characterized by random rms error of +10

agal (Stroyev, 1969; Stroyev, Markove 1969).

Page 23.

Thus, wvwe now can with confidence say that the USSR'S first
measurements of the force of gravity at sea which were
estimated as very rough and completely were disrejarded, in
its accuracy vere close to contemporary determinations and

are completely suitable for their wutilization in practical

target/purposes.
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After the first works of F. Vening-Meinesz and L. V.
Sorokin into 1937 K. Brown expressed critical observations
apropos of the theory of maritime pendulum measurements. It
showed that the perturbation acceleration of the square
significantly affects pendulum measurements. It was necessary
to develop theory, to find the methods recording and
account of these acceleration. In the USSR Browan's theory
was perceived s0 serjously that All-Union gravimetric
conference 1940 was recommended to restrain from the
measurements of the force of gravity at sea to the
creaticn of equipment for the mwmeasurement of slopes and
acceleration, acting on pendulum gravimeter under maritime

conditions.

Worll wWar II 1941-1945S stopped these works. After war
Professor Sorokin continued investigations in the region of
maritime gravimetry. In 1947 he headed expedition in the

Barents Sea,

In 1936 L. V. Sorokin together with V. V. Fedynskiy
conducted the USSR'S first experiment in the observations on

pendulum gravimeter aboard surface ship. After war these




e e T . ag ;Fw,’ e : ‘

DOC = 78008702 PAGE 54

experimental works were continued. Once 4into 1953-1954, in
expedition of NMGU [ Moscow State University)] on research ship
“Vityaz*"™ to pendulum gravimeter was adapted long-period
pendulum for reccrdify of horiZontal acceleration. However,
E a8 a whOole wofk in the region of maritise pendulunm
observations was developed weakly. It bore accidental
character, since there was an opinion about the iasufficient

urgency of maritime gravimetric measurements.

To 1955 position sharply it changeda On the eve of
international geophysical year into GAISh was organized the
constantly actiny maritime gravimetric expedition (Grushinskiy,
1967). The scientific leaders of this expedition are V. V.
Pedynskiy and N. P. Grushinskiy. Basic prcblem of the
gravimetric expedition of GAISh - research on the

gravitational fi2ld of world ocean and antarctic.

The first Jravimetric e¢xpedition into the antarctic was 3

organized into 13954 on the initiative of V. V., Fedynskiy. ‘

Were conducted incidental measurements aboard the factory
ship ®slava®™ and on tanker "Apsheron®. Expedition had wmainly
systematic problems. Actually this was Soviet gravimetric

analysts*s quite first outcrop into world ocean.
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Observations were conducted by two pendulum gravinmeters.
Recordings of the perturbation acceleration were not
conducted, but the effect of the latter was estimated
according to the fluctuations of the marks per second on
the recording of swings of the pendulum. Therefore
photographing on "Slava"™ has, with perturbation acceleration,
sYstematic errors on the order of +20 wmgal and random
errors +16 namgal. Nevertheless the expedition, which carried
out of 75 gravimetric points in Atlantic oOcean aanid

especially in its south part, had large value.

Page 24.

Gravimetric measurements would allow at least in the first
lines to present the <character of the gravitational field
of this insufficiently studied water area. Besides the
significance of the w@most obtained materials, the expedition
acquired wvork experience in antarctic waters and determined
the main direction of the improvement of equipment and

measurement procedure.

In 17955 ¢to the Antarctic went the first Soviet
antarctic expedition. Aboard the diesel-electric ship "Ob*"™

was located gravimetric branch of the GAISh vhich made the

-

CEN PN,
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measurements of gravitational force according to the plan
for the expedition of this vessel. In this expedition for
the first time in the practice of Soviet nmaritime
gravimetric works were applied the accelerometers for
recording of the perturbation acceleration (unit RNVU), and
was also wused crystal oscillator for timing on the
recording of swings of 9the pendulum. In 1st SAE vwere for
the first time obtained data on the gravitational field of

the coastal zone of the 1Indian sector of the antarctic.

Gravimetric analysts of GAISh in 2nd SAE in 1956-1957
on diesel-electric ships "Ob*" and "Lena" continued the
measurements of the gravitational force of coast of
antarctica and in water of south ocean. Works wer2 carried
cut at coasts on Queen Maud Land, the Davis Sea, vhere 1t

is determined about 80 gravimetric points.

Maritime gravimetric measurements in 2nd SAE to a
considerable degree differed from preceding/previous. For this
expedition specially is prepared maritime frendulum gravimeter.
Instrument wvas supplied by slov pendulums and vertical
accelerometer. Here were for the first time applied the

quartz pendulums, designed and prepared in TsSNIIGALiK [Central

Scientific Institute of Geodesy, Aerial Surveying and
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Cartography]. Were here applied for the first time the
special gquartz clocks, constructed into GAISh. The
application/use of these hours made it possible to
completely exclude error for clock rate. On the basis of
theoretical prerequisite/premises and experiment in the

preced ing/previous expeditions, was applied the new procedure
of observations. Its basic cell/elements consisted in the
sharp limitation of conditions, with which wvere conducted
the observations. In this expedition for the first time in
the practice of above-water observations wvas applied the
maritime strongly-damped gravimeter of VNIIGeofizika. To these
was placed the beginning of the combined utilization of

maritime gravimeters and pendulum gravimeters.

In 3rd SAE in 1957-1958, nwmaritime gravimeter branch of
GAISh carried out the considerable volume of work in the
east part of the Indian sector and in the Pacific Ocean
sector of south ocean. In this expedition maritime
gravimeter wvas utilized narrower as service instrument.
Pendulum points served as supporting/reference. This
expedition introduced the classification of maritime points
according to work conditions, after dividing points in the
ice and maritime, obtained during different sea ratingse

Further points they began to estimate on categories.
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All the subsequent expeditions improved the quality of
the vork with the way of the improvement of apparatus and

Frocedure.

Page 25.

This involved reduction in the total number of measured
points, then it sharply improved their quality. The accuracy
of the determinations of the gravitational force increased

almost double.

In 1959-1960 in the composition 5th SAE on
diesel-electric ship ®“0b*" gravimetric branch of GAISh
carried out the measurements of the gravitational force in
the Atlantic and Pacific Ocean sectors of the antarctic.
The determinations of the gravitaticnal force are carried

out by pendulum gravimeters and damped gravimeters in 131

points.

In 1960-1967 gravimetric analysts of GAISh in the
composition 6th SAE were conducted the measurements of the

gravitational force of shelf glaciers and in the

. "
LH_L,“.-_‘_ Sbcon
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circumlittoral part of the Indian sector of antarctic
contiaent. VoYage 1in ice conditioned small values and a

good recording of the perturbation acceleration. Expedition
shoved that in antarctic water on surface vessel in the
absence or the 1low value of the perturbation acceleration
can be reached the high accuracy of Jravimetric measurements
(4 mgal). The work 6th SAE considerably perfected the
procedure of processing the results of pendulum

determinations (introduction of «corrections for amplitude, for

acceleration)e.

In 7th SAE gravimetric branch of GAISh <carriad out the
measurements of the gravitational force in 52 maritime
points in the 1Indian sector of the antarctic. This
expedition created strong point on Enderby Land (Molodezhnaya
Sta.). The materials of combined pendulum and gravimetric
observations made it possible to develcp the procedure of
the treatment of the observations of damped gravimeters. Was
applied the procedure of value determination of the <creeping
of null point and standardizing of gravimeters from the

pendulum observations, combined with gravimetric ones.

8th Soviet antarctic expedition on diesel-electric ship

"Ob*" in 1962-71963 concentrated its work in regions of
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Soviet stations Lazarev, Molodezhnaya, Mirnyy. Was here
cafried out several dozens of maritime gravimetric points.
Hov¥eVer, the more important result of these work was the
measurement of the gravitational force in 1latitudes "howling
40*s" and *“"raging SO0¢s" on the way from Capetown to Mirnyy
(Pig. S5). These are and thus far only this region's first

gravimetric measurements.

In 8th SAE for the first ¢time in the antarctic vere
carried out the tests of string gravimeter, vwhich showed
that this instrument is completely suitable for the
measurement of the gravitational force with floating in
south ocean and water of the antarctic. Advantage and the
great advantage of string gravimeter 1is the absence of the

creeping of the null point of the system of gravimeter.

The gravimetric branch of GAISh, wvhich took part in
9th voyage of diesel-electric ship "Ob'" into the antarctic,
continued the neasurements of the gravitational force in the
Indian sector of the antarctic. Expedition solved the number
of gquestions of the improvement of the procedure of
saritime gravimetric measurements. This of the problem of
standardizing and determining the time constant of

gravimeters.

|
|
|
1
.
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Page 26.

Damped gravimeters of the type

standardized in

divisions may be

e et ——

PAGE 33

nonlinear. Gravimeters

measurement of the force of

be standardized

¢/

S3-VNIIGeofizika

the working range,

gravity

at a point  with

intended

Antarct ic

latitude
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Pig. S. Set-up of gravimetric experiments of GAISh in south
ocean and antarctic. Compiled by Pe. A. Stroyeve 1 -

observation stations; 2 - area photographings.
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Key: (1) Africa. (2). South America. (3). Antarctica. (4).

Australia, (5)« New Zealand.

Page 27.

Therefore the 9th SAE was the first to experiment with
standardizing of instruments in region of operations, on
Antarctic shore. Investigations are carried out in
observatory peaceful on supporting/reference Jravimetric point
- in space pavilion. The scale value of instruments was
determined by the method of slope/inclination on
plate/platform. Were there determined time constants of

gravimeterse.

The last/latter work of the gravimetric analysts of
GAISh in the antarctic were carried out in the period of
flcating on scientific research vessel "professor Zubov"
during December 1968; March 1969 gravimetric investigations
were conducted in the 1Indian and Atlantic sectors of the
south ocean and antarcticse The measurements of the
gravitational force wvere carried out with the aid of
pendulum gravimeter, damped gravimeter, and also the maritime

automated gravimeter ANG-M of the construction of GAISh
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(Panteleyev, etc. 1967). This 1is Scviet gravimetric

analysts®*s first experiment 1in the wutilization of a maritime
gravimeter on the continuous recofding of the gravVitational
force in motion of vessel in the antarctic. In this
expedition wvas <carried out several thousands of kilometers

cf profiles with the wmeasurement of the force of gravity.

Circumlittoral and 1land gravimetric workx of GAISh in a 1limb

. zone of antarctica.

By the first work of GAISh on neve and land ice, and
also on the very continent oOf Antarctica one should
consider the pendulum and gravimetric definitions, carried
out by maritime branch on diesel-electric ship "Lena"™ into
1956-1957 (Zommer, Gaynanov, 1961). For this expedition it
was possible to «carry out four pendulum points: one point
- at station Mirnyy, two points - in Sandefjord Bay, one

point - in Edward VIII Baye

Pendulum observations are carried out on four-pendulum
holder of the construction of GAISh with two asseablies of

bronze pendulums, two integral resistance thermometers and
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tvo contact chronometers. The wmost important value has the
determination of the gravitational force at Mirnyy Sta. -
the center of Soviet antarctic expeditions. This point
became the strong point of all Scviet gravimetric

determinations in antarctica.

Besides pendulum points, by the order it 1is dJetermined
20 gravimetric (GAK-3M)points. Points are arrange/located on
the Amery Ice Shelf (8 points), in Edward VIII Bay (6
points), and also on the Kemp Coast (6 points). It should
be noted that this were the first Scviet land

determinations in antarctica.

In 1957-1958 gravimetric branch of GAISh carried out on
continent and gJlaciers of 110 points. Coastal photographing
vas carried out on three sections. On the first section by
the extent wmore than 1000 km (from Leopold and Astrid
Coast to Knox Coast) was carried out 70 gravimetric points,
on the second section (Sabrina Coast and Banzare Coast) -
15 points, on the third (George V Coast and Oates Coast)

= 25 points,

Page 28.
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Measurements wer? conducted by gravimeters GAK-3M with the

root-meah~square error of anomalies +3 mgal.

This same by expedition were carried out two land
PendUium points: at Mirnyy Sta., another - on George V
Coast. At Mirnyy are carried out the observations according

to the program of points I and of II classes.

The GAISh branch of the 5th SAE into 1959-1960
continued the land determinations of ¢the gravitational force
in antarctic coast. Pendulum observations were carried out
at Mirnyy Sta. and in the Wohlthat Mts. 1in Queen Maud
Land, gravimetric observations with the GAK-3M - at the
showa and Mawson Stations, in Wohlthat Mts., and also on
Shelf glacier of station LaZarev. Cbservations on Lazarev
Glacier (29 points) were carried out on the request of the
management /manual of expedition for determining the depths of
under-ice relief. The results of measurements and
calculations of the depths of the basic Lted of glacier
shoved that wunder station Lazarev is located deep depression
of the sea bottom (Fige 6). The depth of sea here 1is 700
m and more. The edge of the glacier on wvhich is

arrange/located Soviet south-polar wintering, is located to

"float" and can be detached away from the
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common/general/total mass of glaciera

In 1960 station Lazarev vwas enclosed, instead of it
organized new wintering is a staticn Novolazarevskaya,
arranged/located on the bedrocks of Shirmacher Oasis 80 km

of shore of sea,

The gravimetric btranch of GAISh c¢cf 7th SAE into
1961-1962 together with the coworker of geologic order S,
A. Ushakov conducted 1land gravimetric measurements in the
western part of Enderby Land« For conducting photographing,
is carried out the determination of strong point on
continent., For this, aboard diesel-electric ship "Ob*"™ in
parking area was carried out the observation of pendulum
point according to the program of wmaritime strong point.
Then with the aid of gravimeter GAK-3M three voyages on
aircraft produced the transmission of the gravitational force
in shore - to wmoraine (basis of the geologic order). From
this point is carried out gravimetric photographing on
aircraft in region of the work of geologic order. In all
it wvas made 26 points, including supporting/reference
range/polygon from 6 points at station Molodezhnaya, on

which 1leans entiresall photographing in region of Enderby

Land.
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Land work on Enderby Land wvere continued by the branc
of GAISh in 8th SAE into 1962-196131. Observations are
caffied out Wjith gravimeters GAK-3M in 47 points in region
of Scott, Tula, and Napier Mts., Simmers Peaks, and in
interior of Enderby Land. The root-mean-square error of
anomalies is *3.5 mgal. This same by expedition station
Molodezhnaya was connected with reference point - station

Mirnyye.

Besides gravimetriC observations on the very continent
of amtarctica, expedition of GAISh carried out the
cbservations in the numerous ports of Eurcpe, Africa, Asia,
America, Australia, and alsc on the 1islands of Atlantic,

Indian, Pacific and south Oceans.

Page 29.

Common/general /total results of gravimetric expeditions of

GAISh in a south ocean and an antarctice

h
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Fige 6. Circuit of under-ice relief in region of station
Lazarev accordiny to gravimetric data (according to A. I.

Frolov, 1963).

Key: (1)« Lazarev Ice Shelf. (2). Lazarev. (3). Leningrad

Baye (%) Lzzarev.
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Pages 30 and 31.

Table 1.

Report of gravimetric measurements of GAISh in the . 4
antarctic. f
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Key: (1). Expedition. (2). Years of voyage. (3). Vessel.

(4). Participants of expedition. (5). At sea. (6). On
continent. (7). Pendulum points. (8). EMS, mgal. (9).
Gravimetric points. (10). Whaling expedition. (11). "Apsheron"
(12). A. G. Gaynanov, (13). "slava" (14). Ye. D. Koryakin.
(15). “ob*" (716). S. A. Ushakov. (17). N. P. Grushinskiye
(18). V. A. Gladun. (19). P. A. Stroyeve (20)e 1I. A.
Yepishin. (21). "Lena" (22). I. Ye. Zommer, (23). V. N.
Korzhev. (24)« I. N. Goncharov. (25 . A. I. Prolov. (26)
Bo I Kozlove (27)e Ve S. Simakove (28). Yue. V. Bobrov.
(29). A. V. staklo. (30). I. ©N. Kaptsova. (31). A. S.
Kuz®min. (32). Yu. P. Izmailov. (33). "Prcf. Zubov" (34).

the miles of coatinuous recording according to 9 profiles.

FOOTNOTE !. Perturbation accelerations were not considered.

2. Photographing is carried out with low value of
perturbation accelerations.

3. All pendulum points - mooring.

*, Estimation of points is carried out differentiated
depending on value of perturbation acceleration (Ye. D.
Koryakin, maritime gravimetric measurements in 14th SAE,
Info. Bull. SAE, 1970, No. 79). ENDFOOTNOTE.

ol it
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Pages 32 and 33.
Table 2. Report of the wmeasurements of the gravitational
force by the gravimeters of VNIIGeofizika.
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Keyv: (1). Expedition. 2). Years. (3). Executor of work.
(4). Instrument. (5). Procedure of photographinge (5)« The

root-mean-square error, mgal. (7). Method of estimating the

accuracy of gravimeter. (8). Quantity of points, determined
by gravimeter. (9). N. P. Grushinskiy. (10). Interpolation
rhotographing between pendulum points. (11). Comparison with
pendulum observations. (12)« P. A. Stroyev. (13). I. Ye.
Zommer. (19). The same. (15). Comparison with coastal

points. (16). A. I. Frolove (18). Observations with pendulum
gravimeters. (19). P. A. Stroyev. {20). Ccnvergence betvween
gravimeter and pendulum observations. (21). V. A. Gladune.
(22) . The same, plus 1is convergence Letvween dravimeters.
(23) . B. D. Koryakin. (24). Profiles 1in Indian ani Atlantic
Oceans, which lean on data points. (25). Comparison with

the map/chart of anomalies in free air. (26). I. N.

Kaptsova. (27). Observations with pendulum gravimeter. (28)a

Comparison with the map/chart of anomalies.

Page 34,

In all in these expeditions is carried out wmore than 1500
gravimetric determinations with the accuracy of the anomalies
of the gravitational tforce +(5-10) mgal. Data of gravimsetric

measurements, produced by GAISh in antarctic expeditions, are

given in Table 1.
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As is evident, the maritime gravimetric investigations
of GAISh (see Fige 5) they make it possible in the first
approximation, to present the gravitational field of the
south ocean and especially the antarctic. Gravimetric points
gird antarctica by the almost <closed ring and give the
representation of earlier in no wvay the investigated in

gravimetric sense region of the earth.

Gravimetric measurements in world ocean and the
antarctic, initiated on the eve of IGY by GAISh are
continued and at present. After this time is accumulated a
large eXperiment in the (Jravimetric investigations. The
expeditions of GAISh conducted measurements of gravitational
force in the open ocean and outlying seas, in water and
in ice of the antarctic, on the neve and shelf jJlaciers
cf antarctic coast, on continent itself to antarcticae.
Gravimetric work were conducted on the different types of
vessels of different tonnage. The @measurements of the
gravitational force were carried out by pendulum gravimeters
and the gravimeters of different types. There is
considerable interest in the application/use of gravimeters

for the measurement of the gravitational force aboard the
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ship. The antarctic expeditions of GAISh it gave "pass in
life"™ to the maritime damped gravimeters S3-VNIIGeofizika.
This Jravimeter was adopted as service instrument. Table 2
gives the report of the wmeasurements of the gravitational
force by the onboard gravimeters of VNIIGeofizika by the

eXpeditions of GAISh in Soviet antarctic expeditions.

In all in nine antarctic expediticns with the aid of
onboard gravimeters 1is carried out more than 600 gravimetric
points vhose accuracy corresponds tc the accuracy of
pendulum determinations. The application/use of gravimeters
made it possible to substantially increase the productivity

of gravimetric wvork on ships.

Gravimetric investigations in an antarctic of other Soviet

exreditions.

First Soviet area gravimetric photographing in coast of
antarctic continent is carried out into 1956 by
geological-geophysical order 1st SAEe. A. Ko Dorosin
determined 149 gravimetric points on islands, on fast ice

in region of observatory Mirnyy and in region of Bunger

e
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Oasis. Measurements are carried out with gravimeters GAK-3M
and SN~-3; the accuracy of the determination of anomalies #2

mgal.

In 2nd SAE into 1956-1958 in expedition enroute
Mirnyy-Komsomol®’-Vostok, G. Ye. Lazarev carried out the
determinations of the gravitational force with the aid of
gravimeters SN=-3 more than in 100 points. The heijhts of

pcints are determined by barometric 1leveling.

Page 35.

The errors in separate points are possible to 100 m; the
average error of heights, apparently, about +30 m. Therefore
the errors of the anomalies of the force of gravity exceed

+10 mgal.

In 3rd SAE into 1957-1959 along route
Mirnyy-Komsomol'skaya-Vostok and Komsomol®skaya-Pole of
Inaccessibility Yu. N. Avsyuk determined 88 gravimetric
pointse The heights of points are obtained according to
data of aerobarometric leveling with wmean error #20 m. The
root-mean-square error of the determination of the force of

gravity is estimated in +2 mgal.
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In 4th SAE into 1958-1960 along route

Mirnyy-Komsomol®skaya by S. N. Shcheglov were carried out

gravimetric determinations in 72 points. Were utilized three
gravimeters SN~3. Accuracy of the determination of the force
of gravity of approximately +2 mgals For the first time in
the antarctic in this expedition, was applied geodetic

method for determining the beights of points. Results are
estimated at error +(2-3) m. In this same period into
1958-1959 in composition 4th SAE the order of the Institute
of Physics of the Earth of the AS USSR (leader of order
Yus P. Izmailov) conducted maritime gravimetric

determinationss In all in the antarctic 1is carried out more
than 60 points, of them 44 points it 1is determined with
the aid of maritime gravimeters GAL, 16 fpoints determined
with pendulum gravimeter. On 7 points are carried out

combined pendulum and graviwetric observaticmns.

On neve ice it is determined of 7 points with
gravimeter SN-3. The accuracy of determination is
characterized by following by the root-mean-square errors:

pendulum  po00rfing points +2 mgal, ice +3 mgal, maritime

s{5%7) wmgal.
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In 1960-19617 by orders 5th SAE were carried out the

determinations of the gravitational force on West Ice Shelf

{93 points), on Pobeda Is. (20 points), cn route
Mirnyy-Komsomol®’skaya-Vostok (86 points). Observations are
carried out by V. B. Tsukernik and American gJeophysicist H.
Duart with GAK-3M and Worden gravimeters. The accuracy of
the determination of the force of gravity taking into
account all errors is evaluated at +(1-2) mgal. For
determining the heights, was applied the barometric leveling.
This same by expedition on the Lazarev Ice Shelf and in
coast in region of the Shirmacher Oasis it 1is <carried out
}! of 224 points (L. I. Bokanenko, P. Ye. Svetlayev) with the
aid of gravimeters SN-3 and GAK-3M. The heights of points
were determined by barometric leveling, error in
determinat ion heights +{4-8) m. Entiresall photographing is
characterized by the RMS error of the ancmalies of the

force of gravity +(3-5) mgal.

The detailed gravimetric investigations of the western
part of Shackleton 1Ice Shelf are carried out by 6th SAE
into 1961-1962. The determinations of the gravitational force

{6 Ye. Lazarev) were conducted by two gravimeters GAK-3M

e —————————
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and by two gJravimeters SN-3. The heights of points are
determined by barometric leveling, error their +5 m. In all
on the glacier it is carried out of 70 points with the
error in determination of the force of gravity about

:(1.5-2.0) mgal.

In 1964 seasonal composition 9th SAE carried out
expedition on route Vostok - Pole of Inaccessibility -

Molodezhna yae.
Page 36.
In the general complex of the geophysical works the

expedition carried out gravimetric measurements at 169 points

with a middle interval between points approximately 20 Kkm.

The coordinates of points were determined by astronomical
method (35 points) and with calculation o¢f covered path,
the heights of points - by barometric leveling with a
middle interval between points 10 kme The error in
determination of the heights of points, in the opinion of

Se N. Bugayev, 1is +18 knm.

Figures 7 gives the «circuit of the gravimetric study

of the continent of antarctica by Soviet (besides GAISh)

——————
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apnd foreign expeditions (intracontinental expeditions in the

diagram are shown not all).
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Pigse 7. Set-up of gravimetric experiments in antarctica

(investigations of GAISh are not included). Compiled by P

Ao StroYev. 1 - routes of foreign expeditions; 2 =~ routes

expeditions; 3 - area rphotographings of foreign

expeditions.,

cf Soviet

photographings of Soviet

expeditions; 4 - area
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Gravimetric investigations in a south ocean and an antarctic

cf foreign expeditions.

The foreign countries also introduced the considerable
contribution to research on the gravitational field of the
antarctic. So, Western antarctica is completely investigated
by foreign expeditions. Only into 1968-1969 GAISh conducted
gravimetric observations on Smith Is. (Borodino). In east
antarctica by the expeditions of other states are carried
cut in essence route investigations, in detail are studied

only small sections.

To the first gravimetric foreign investigations in east
antarctica, one should relate the route measurements of
Australian expedition on Mac-Robertscn Land. During 1957-1959
this expedition carried out two expeditions from Mawson Sta.
to Prince Charles HMts. (739S). The measurements of the
force of gravity were carried out with ¢the aid of the
Warden gravimeter of geodetic type through every 8-10 km of
expedition. The account of the creeping of null point vwas

achieved on control measurements on the way back and on
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strong point at Mawson Sta. In all on these two routes it
is carried out of 133 gravimetric points. Furthermore, in
summer 1958-1959 in the vicinities of Mawson Sta. was
depleted the range/polygon where it 1is determined 42
gravimetric points., Unfortunately, data of these

determinations are published only in the fora of

curve/graphs and «circuits (Goodspeed, Jesson, 1959). On

Wilkes Land Australian expedition into 1962 performed vast
gravimetric investigations. In the wvicinities of Wilkes Sta.
is carried out area photographing (26 points). From Wilkes
Sta. to the east to the Totten Ice Shelf is carried out

a 335- mile expedition in which it is determined 84
gravimetric points. Finally, is <carried out route from

Wilkes Sta. to Vostok Sta. by the 1length of 1774  miles.

Oon this route is determined of 464 gravisetric points with
average distance among the points of the less 3 miles. The
measurements of the gravitational fcrce were determined by
twc Worden gravimeters, height - Ly barometric leveling

(Walker, 1966).

By Japanese scientists is studied region of antarctic
coast on the shore of prince Harold, of the station of

sowinge.

e
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All remaining work in east antarctica were conducted on
some ToUtes with different density of the arrangement of
points. These are the routes of the expeditions: 1) France
(1957-1959) from Dumont d*Urville sSta. at 140° east
longitude to Charcot Sta. on Adelie Land; 2) the USA
(9959-1960) from Dumont d°Urville Sta. at 139° east
longitude to 71°5°* south latitude

and farther; one route to the

east to the point with coordinates 72°5' south latitude
; and 1609 east 1longitude,

and the second - to the south-east, through the mountain
mass to McMurdo Sta.; 3) the Jjoint British-New-Zealand
expedition, making gravimetric determinations on route froa
South Ice Sta. to Amundsen-Scott Sta., and further to Scott
Sta. on Ross Ice Shelf; 4) USA (1964-1966) from
Amundsen-Scott Sta.at the South Pole to the Pole of
Inaccessibility Sta. and to Plateau Sta.; on this route

carried out more than 2500 knm.

In Western antarctica area gravisetric photographing is
carried out on the Filchner Ice Shelf, in region of South
Poles to Ellsworth Land, in antarctic peninsula, in Tregion
of Byrd Sta. and on Ross Ice Shelf, in region of MNcMurdo.
In the remaining territory of Westerm antarctica, are

carried out the numerous routes of sleigh-tractor expeditions
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and routes of aerogeophysical investigations in essence of
American expeditions. In antarctic peninsula the considerable
number of gravimetric observations carried out English

expeditions, and also Argentinean and Chile.

On islands of the southern-Antilles arc, the
considerable Volume of gravimetric work is carried out by
English antarctic expedition into 1959-1963. On South
Shetland Islands and in the northern part of Graham Land
is determined about 150 gravimetric points, on South Georgia
Is. = 18, on South Sandwich Islands - 6, on South Orkney
Islands - 12. All the nmeasurements taken with the aid of
two Worden gravimeters with the error of the anomalies of
the force of gravity #{(3-5) mgal (Griffiths et al., 1964).
There are several definitions, made by Australian expeditions
to other islands of the south ocean: Mcquarie, Heard, Isles
de Kerguelen, and also to the grcup of Antarctic islands
in region of Wilkes and Davis Stas. (Langron, 1966). By
Soviet expeditions are carried out measurements of the force
of gravity near the Isles de Kerguelen, Balleny, Price

Edward, Easter Islands, etca

Foreign gravimetric determinations on the water area of

the Southern Ocean began widely to be conducted only in

- —

il 8

4
alisn. S
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the 1latter of decades. So, American geophysicists on the
vessel "Eltanin" during 1962-1965 completed more than 20
floatings with Jjravimetric measurements in the south part of

Pacific Ocean, in 2zone 40-65° south latitude.

Page 39.

Japanese expedition in 1964-1965 conducted maritime

gravimetric measurements on the vater area of ocean between
AUstralia, New Zealand and antarctica. English scientists on
vessel "Protector" into 1965-1966 conducted gravimetric survey
in Drake Strait and Scotia Sea. However, the results of

all these expeditions, until now, are not published.

From known data on south ocean, which we avail, this

tventy points along shore of South America, «carried out

into 1947 with the floating of the American submarine
"Conger". Furthermore, is several dozens of gravimetric

points in 1Indian Ocean 1in region of the Iles de Kerguelin
and Ile Amsterdam, and on the route Ile St. Paul-Australia.
This 1is photographing, carried out with the floating of the
American research vessel "“Argo" in Lusiad Expedition. On
Agulhas Bank south of the coast of Africa in 1962 on the

vessel "Natal" was carried out gravimetric survey,

C
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measurements takan by gravimeter "Graf-Askania, GSS-2"

{Graham, Hales, 1965).

POr coastal waters of antarctica, there is not not one
gravimetric point, determined by foreign expeditions and

Fublished in press/printing or transamitted to the
international center of data. Thereby value and the value
of sSoviet work immeasurably grow/rise. The gravitational
field of the water area of south ocean and wvater of the
antarctic about which we will speak further, constructed

according to the results only of Soviet determinations.
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of antarctica (Grushinskiy, 1969; Koryakin, Stroyev, Frolov,
1969, etc.), from data of the catalog of IFZ of the AS
USSR (Catalog of gravimetric determinationse... 1962), and

also based on materials, published in different publications.

FOOTNOTE 3. All the gravimetric determinations of Soviet
antarctic expeditions are given tc the reference point
Mirnyy, which in turn, is connected with the American

grid/network of the strong points of antarctica. ENDFOOTNOTE.

These are the catalogs of gravimetric points (Helfer a.o.,
1962; Autenboer, 1964; Caputo a.o0.,1964; Kirton, 1965; OQura,
1965), separate points or routes with the values of
anomalies on blank charts (Langron, 1966), the map/chart of
anomalies in some regions (Behrendt, 1962; Graham, Hales,

1965; Behrendt, Bentley, 1968).

The representation of materials by regions by no means
it is equal, the accuracy of results is also diverse.
Therefore map/charts are constrncted with the different

sections of the isoanomalies.
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Figures 8, 9, 10 depict the map/chart of anomalies 1in
free air. At sea, if was allowed the representation of
points and value of anomalies, the iscanomalies were carried
cut through 25 mgal. In the circumlittoral zone of
antarctica and on the very continent the 1isoanomalies are
carried out also in essence through 25 mgal, with the
exception of the secticns where is carried out sufficiently
dense gravimetric photographing (the Shackleton and West Ice
Shelves, and Enderby 1Land), or of sections for which field
constructed according to published wmap/charts {(the Filchner
and Ross Ice Shelves). In these cases the section of

isoanomalies is 10 and 20 nmgal-

The map/chart of Bouguer's anomalies (Figs. 11, 12, 13)
is constructed wvith the section of iscanomalies 50 mgal,
with the exception of the Ross and Filchner Ice Shelves
and Marie Byrd Land. The section of isoanomalies on these

glaciers is 10 and 20 mgal.

Page 40a.




AD=A066 162 FOREIGN TECHNOLOGY DIV WRIGHT=PATTERSON AFB OHIO F/6 8/14
UNCLASSIFIED FTD=ID(RS)T=0087=-78

THE SOUTH OCEAN AND ANTARCTICA ACCORDING TO GRAVIMETRIC DATA,(U)
FEB 78 P A STROYEV
NL
"




R

s <t

T
= Jle

22 it pee




DOC = 78008703 PAGE & 43

Fig. 8. Anomalies in free air of Indian sector, mgal.

Key: (1). Indian Ocean. (2). Antarctica.

Normal formula is international. Compiled by P. A. Stroyev.
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Fig. 9. Anomalies in free air of Pacific Ocean sector,
mgal. Normal formula is international. Compiled by P. A.

stroyev.

Key: (1. Pacific ocean. (2). Antarctica. 1
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Page U0c.

Fige 10. Anomalies in free air of Atlantic sector, main.

Normal formula is international. Compiled by P. A. Stroyev.

Key: (')« Atlantic Ocean. (2)« Antarctica.
Page 40d.
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Fig. 1l1. Anomalles Bouguer of Indian sector (¢ = 2.8

g/cm3). Compiled by P. A. Stroyev.

Key: (1). Indian Ocean. (2). Antarctica. \




-

poc = 78008703 PAGE 207 c,7
Page U40e.

Fige 12. Bouguer anomalies of Pacific Ocean

2.8 g/cm3), Compiled by P. A. Stroyev.

Key: (1). Pacific Ocean. (2). Antarctica.

sector
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2.8

Fige 13. Bouguer anomalies of Atlantic sector (o

g/cm3). Compiled by P. A. Stroyev.

Key: (1) Atlantic ocean. {2). Antarctica.

Page 41,

All nmap/chacrts are compiled by the normal international
formula of the force of gravity. The density of interlayer
during the calculations of Bouguer's anomalies 1is accepted

equal to the density of basalt ¢ = 2.8 g/cm3,

Character of gravitational field in a south ocean.

The gravitational field of south ocean is closely
related vwith the basic morphostructures of its bottom, the
vast complexes of the relief of the sea bottom, which
correspond to the specific structural cell/elements of the
earth®s crust. According to the character of gravity
anomalies in south ocean, it is possible to isolate the

following basic groups of regions.

e
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The Cape and Agulhas Basins are noted by small
fositive and negative anomalies in free air. The average
value of anomalies 1s close to zero. Bouguer®'s andmalies

here reach value 400 mgala

The African-Antarctic basin for all its extent/elongation
is characterized by positive (to +100 =mgal) anomalies in
free air and by the extremely intense (tc +450 wmjal)
positive anomalies of Bouguer. The Australo-Antarctic Basin
is also noted by positive (¢20-+430 =mgal) anomalies 1in free
air and by the intense positive (¢350 mgal) anomalies of

Eouguer.

For the Mozambigue Basin are characteristic nejative (to
-80 =agal) anomalies in free air and the 1intense positive
(to 370 mgal) anomalies of Bouguer, the C(rozet Basin 1is
characterized by small positive anomalies in free air and

by Bouguer®s intense positive anomalies.

Page 42.

The Western Australian Basin is noted by considerable
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belt/zone within the limits of south ocean is approximately

120 thous. ka (Zhivago, 1967).

Besides the single belt/zone of undervater ridges, on
the vater area of south ocean are vast by area underwvater
elevations - Agulhas, Crozet and New-Zealand Plateaus, and
the Rio Grande Rise. Furthermore, are undervater ridges,
oriented in meridional direction. These are spine/ridges

Nadagascar, Macquarie, Whale, Kerguelin.

All these structural cell/elements of the earth's crust,
vhich are expressed in the relief of the sea bottom, find
their representation, also, 1in the character of gJravitational
field The Southern-Atlantic spines/ridge 1is characterized in
essence by the increased positive (to +37 mgal) anomalies
in free air. Bouguer®s anomalies, c¢n the contrary, have the
lovered/reduced values 1in Comparison with abyssal basins. The
iscanomaly +¢250 mgal clearly contours the region of median
spine/ridge. On the very spine/ridge of Bouguer's anomaly,

sosetimes they decrease to +150 mgale

The African-Antarctic and Western-Indiap spine/ridges are
also characterized by the increased positive anomalies in

free air (to +50 mgal). Bouguer's anomalies here reach

P RS ST
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values +300-+325 mgal. However, the intersections of these

mid-oceanic spine/ridges with the routes of gravimetric

surveys completely insufficiently, and the representation of
gravimetric data does not make it possible to give the

sufficiently complete <characteristic of these spine/ridges.

Page 43.

The Central-Indian spine/ridge is separate/liberated by
positive anomalies in free air to +30-+¢50 mgal. In the
vicinities of the ridges of spine/ridge, is observed the
noticeable correlation (just as on the remaining spine/ridges
cf rift zone of south ocean) of the topography of bottonm
and anomalies of the force of gravity. The strongly crushed
surface of the mid-oceanic spine/ridge, which consists of
the combination of small spine/ridges and narrov grabenlike
depression and trenches, is characterized by the large
variability of anomalies. Specifically, the anomaly above the
ridges of spine/ridges they have values +30-+50 mgal;
riffled valleys are noted by considerable negative (to =50

- =70 mgal) anomalies.

The Australo-Antarctic and Pacific Ocean uplift/rises are

separate/liberated by the increased variable positive
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anomalies against the background of the calm field of

deep-vater basins.

The uplift/rises and the spine/ridges of the sea
bottom, not entering the system of rift zones, are also
characterized by the increased positive anomalies in free
air and by a decrease in Bouguer's anomalies. The elevation
of Rio Grande to north from Argentine basin is noted by
anomalies in free air to +50-+60 mgal, while Bouguer'®s
anomalies reach here values +100-+150 @mgal. Analogous
graVitational characteristic it has the New-Zealand plateau
on which, according to data of eafthgUuakes, is
establish/installed the subcontinental type of the earth's

cruste

Madagascar spine/ridge, which is continuation on the
bottom of ocean of mountains o0. Madagascar, is characterized
by positive anomalies in free air (to +20 mgal) and by

Bouguer®s anomalies +150-+200 mgal.

The Agulhas Plateau is separate/liberated by considerable
positive anomalies in free air (to +70-+¢100 =mgal), while

Bouguer®s anomalies are here +200-+250 mgal.

P
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Undervater ridges and uplift/rises of the south ocean
frequently emerge into topographic surface, forming the
groups of islands (Prince Edward 1Islands, Iles Crozet)or
islands (Iles de Kerguelin, Bouvet Oeya). The islands of
volcanic origin have extremely intense positive anomalies of
the force of gravity on Prince Edward Islands are observed
the anomalies in free air 290 mgale on Heard Is. +141
mgal, on Macquarie Is- ¢218 mgals on Balleny Islands +¢146
mgal, on Tristan da Cunha +86 =mgal. EBouguer®s anomalies
have the same order of wmagnitude. This value of anomalies
indicates the full/total/complete absence of isostatic

compensation under these islands.

The Iles qé Kerguelin, one of the most significant
islands of south ocean, marries vast tlat/plane plateau of
beginning range Kerguelin. The gravimetric observations of
Soviet, Australian and American exfpeditions showed that
unlike other islands of south ocean 1Iles de Kerguelin is
characterized by small positive (+30-450 mgal) anomalies in
free air and by Bouguer®s the same anomalies. This fact
indicates that, the earth®'s crust in regicn of the Iles de
Kerguelin has structure, which differs from the structure of

the earth®s crust of other islands.

s EE i z:
—
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Clark the anomalies reach +196 agal. The group of the

south sandwich islands, younger and volcanically more active,
is separate/liberated by the anomalies of order +(165-225)
mgal. The South Orkney Islands are characterized by

ancmalies + (150-170) mgal. On the South Shetland Islands the
anomalies of the force of gravity reach values +(100-150)

mgal.

On all islands the outlines c¢f the isoanomalies (on ‘
detailed map/charts) follov the structural directions of arc.
The chief characteristic of the field of the anomalies of
the force of gravity is the presence of extremely intense

(to 25-30 Eotvos) horizontal gradients.

The group of Falkland 1Islands, vhich relates,
apparently, to the continental type of the earth's crust,
is separate/liberated by the wvweak positive (+17 nmgal)

anomalies in free air and by Bouguer.

Graham Land and the Palmer Archipelage as south end of
the 4island arc relating, apparently, to the transitional
tYpe of the earth's crust, are characterised small positive
+¢30-50) mgal by the anomalies of the force of gravity; on
east shore of Graham Land the value of anomalies decreases

to zero.
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Graham Land is separate/liberated from the Falkland
Islands and Tierra del Fuego by the Drake Passage. The

bottom of spill/strait has complex structure. Along with

the

deep-vater sections of the depressions here are encountered

many mountains and the spine/ridges majority which it has

volcanic origine.

The gravitational field of Drake Passage is
characterized by considerable positive gravity anomalies.
the region of I. de 1los Estados and Birdwood Bank the
anomalies in free air reach values +183 @mgal, Bouguer's

anomalies have approximately the same values. South of

in

Tierra del Fuego 1is noted the elcngated in direction from

the aorthwest to the southeast conSiderable positive anomaly

with values to +160-4190 mgal. Bouguer®s anomalies reach
here values +¢400 mgal. Between the Falkland and South
Shetland 1Islands the anomalies in free air decrease to
+20-+40 mgal, Bdouguer®s anomaly here are +250-+300 mgal,
f.e., the character of field is completely analogous to

gravitational field of oceanic uplift/rises.

Page U4S.

the
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To the east of Drake Passage there are no gravimetric
data as yet; to vwest in Pacific Ocean of anomaly, they
become characteristic for oceans: ssall positive and negative
anomalies in free air and Bouguer®s intense positive

ancmalies.

On north and in the south of Drake Passage are noted

the zones of the considerable gravitational gradients.

Abyssal trenches, which border the Southern-Antilles
island arc from outer, oceanic side, unfortunately
gravimetrically are not described. There is only one
gravimetric point to the southeast of South Orkney Islands.
Ocean depth here is 6000 w=m. Anomaly in free air is equal
to -7183 mgal, Bouguer®'s anomaly (with the correction of
Bouguer by the formula of plane-parallel layer) +262 =mgal,
ic.e., gravitational characteristic typical for abyssal basins
cf island arcs of such type. Analogous anomalies are
characteristic for the Kurile-Kamchatka and Aleutian
basin/depressions in the northvestern part of Pacific Ocean

(Gayanov, Isayev, et al., 1970)a
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The less indicative island arc of south ocean is
Tegion of New Zealand. New Zealand is the south 1link of
the grandiose circuit of the island arcs, vwhich accoapany
the east shores of Asia and Australia. The 1island arcs of
the western part of pacific oOceah will Lear on themselves
all the worphostructure SpPecial feature/peculiarities of arcs,
namely, island arc, abyssal trench on the outer side of
arc and Dboundary/edge swvell/rampart/rise. They all are

developed on transient and oceanic type crust.

The structure of the islands of New 2Zealand is close
to the structure of continent. In the west of island, they
border on the bottom of the Tasman Sea which has clearly
the oceanic type of crust., To the south the continuation
of islands is shallow Newv-Zealand Gflateau with the scattered
cn it islands. Still southr than plateau transfer/converts
to undervater ridge - Macquarie Mountains - which  were
lengthened curved from S0 to 60° south latitude, vhere they
cut the  uplift/rises of wmid-oceanic ridges and further of
antarctic continent are continued for the group of the
Balleny Islands. Arc 1is elongated to the side of 1Indian
Ocean, on outer side arc border abyssal trenches with

depths more than 5800 a.
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The Kermadec and Colville spine/ridges are characterized

by the increased positive anomalies in free air to +70-+100

mgal, Bouguer®s anomaly here are +200-+250 mgal. Abyssal
trench Kermadec is noted by intense negative anomalies in
free air by value to =210 mgal and by Bouguer’s anomalies
+(200-300) mgal. To the east and the west from island arc
in the region of the deep-vwater oceanic Lasins of anomaly
in free air, have the small values of different sign (+20

mgal). Bouguer®s anomalies reach here values +350-+400 mgal.

Page 46.

The insular group of New Zealand is separate/liberated
by negative anomalies in free air to =50 mgal on the
basis of the central axis of islands. The circumlittoral
zones of islands are characterized positive to ¢50 mgal by
anomalies in free air. The wminimum of Bouguer's anomalies
(to =100 mgal) is noted on all islands, and only in the
narrow coastal band of Bouguer®s anomaly positive, but also

do not exceed ¢75-4100 nmgal.

Undervater New 2ealand ridge and the Balleny Islands
are characterized by intemnse positive (+218 amgal on

Macquarie 1Island, +350 wmgal on Ballemy Islands) by anomalies

&
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in free air and the same value by Bouguer®s positive
anomalies. Abyssal trench to the west of Auckland Is. is
noted by negative (-41 mgal) anomaly in free air and by
Bouguer®s positive anomaly (¢283 =mgal). The analogous values
of anomalies are observed in abyssal trench of the Balleny
Is. Just as for the Southern-Antilles arc, New-Zealand
island arc 1is coantoured by isoanomalies following the main
directions of arc; here are observed the extremely intense
horizeontal gradients of the anomalies of the force of

gravitye.

Abyssal trench of the Pacific Ocean shores of south

America is characterized by the extremely intense negative

anomalies 1in free air whose values reach =200 amgal, and by
Bouguer®s intense positive anomalies. Bouguer's isoanomalies
gc in parallel to the direction of trench and create

considerable horizontal gradients.

Transition region from ocean to continents. Transition
fegion from ocean to the continents includes shelf region
and continental slope, which have the continental and
subcontinental type of the earth®s crust. These
mcrphostructure cell/elements of the sea bottom find their

into wmapping gravitational field.
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¥ide (to 1000 km) shelf sand bar of the Atlantic
shores of south America 1is characterized Lty the bands of
positive and negative anomalies in free air. The field of
negative anomalies on the wvater area of Argentine basin is
changed by the band of positive anomalies. In region
tetveen 30 and 40° south latitude, the width of the band
of positive anomalies does not exceed 200 km. In the
region of continental slope, negative anomalies =(20-50) ag

are sharply changed by positive anomalies + (20-50) nmgal,

creating horizontal gravitational gradient on the order of
5-6 BEBotvos. Directly of shore positive ancmalies are changed
by tbe sufficiently wvide zone of small negative anomalies.
This zone cover/coats the significant gpart of the La Plata

lovwland on continent.

In region of San Matias Gulf and Bahia Blanca the
idth of the zone of positive anomalies in free air is
increased to 900-1000 km. The value of anomalies 1is
increased to ¢75-¢120 amgal. Of shore itself the zone of
positive anomalies is changed by the bands of negative
={10-5) mgal of the anomalies, elongated in parallel to

shore.




e ———

DOC = 78008703 PAGE 48 /54

Page 47.

TOo the south, between 459 south latitude and groug of
FPalkland islands 1is observed the considerakle aminimum (to
=68 =mgal) of anomalies, This wminimum yoes hele froa
Argentine basin, although the depths of sea here do not
exceed 150 =a. In all probability, this wminimum of anosalies
is connected vwith great thickness (more than 6 ka) of the
sedimentary rocks, discovered in this regicn by seismic work
{Vollard, 1960). This minimum is retained on the map/chart
of Bouguer®s anomalies. On the remaining sections of shelf
of Bouguer®'s anomaly, they have small positive values and
are changed by negative anomalies of the edge of shore. 1In
the region of the continental slope the Bouguer's
isoanomalies become concentrated, creating considerable

horizontal gradients.

Of the Pacific Ocean shores of south America, in
region of the development of abyssal trench, continental
slcpe and shelf are stretched by narrow band. As it was
noted above, the anomalies of the gravitational force here

change very sharply, creating exclusively intense horizontal

i ettt
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positive anomalies which retain their sign, also, in coast
of Australian continente Bouguer®s anomalies here also
sharply are changed from +350 mgal above the basin to =40

mgal on continent. shcre line follo¥s iscanomaly 20 mgal.

Thus, it 1is possible to say that as a whole for a
south ocean to the specific morghcstructure cell/elements
correspond the <common/general/total 1lines of gravitational
field. Deep-water oceanic basins are characterized by the
calm gravitational field with small in value ¢(20-30) mgal
by anomalies 1in free air and bY very 1large ¢(350-450) wmgal
by Bouguer’s positive anomalies. The regions of underwater
ridges and Oceanic ugplift/rises are separate/liberated by
positive (to +50 mgal) anomalies in free air and by the

considerable (to +250 mgal) anomalies of Bouguer.

Page 48.

In the vicinities of the ridges of spine/ridges, are
observed the 1large variability of anomalies and the
noticeable correlation of the topography of the bottom of

sea and gravity anomalies.

For islands and the 1island arcs of south ocean, are
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characteristic extremely intense (tc +200 mgal) positive

anomalies in free air and the same values of Bouguer's

anomaly. Abyssal trenches are characterized by extremely
intense negative (to -180 mgal) anomalies 1in free air.
Islands with the <continental type of the earth's crust are

noted by small positive gravity anomalies.

In the regions of transition from ocean to continents,
are observed small of the different sign of anomaly in
free air. The zones of these anomalies frequently are
stretched to continent, reflecting the structure of the
uppermost layers of the earth's crust. Bouguer's isoanomalies
in transition regions, as a rule, are€e congealed, are
created the considerable horizontal gradients of the force

of gravity, which indicates a sharp exchange of the type

of the earth's crust.

Field examined above of the gravity anomalies of south
ocean shows that on the average fcr ocean of anomaly in
free air are close to =zero. Exception are the zones of
island arcs, abyssal trenches, and also region of Drake
Passage and western part of the Scotia Sea. Hence it is

possible to make the conclusion that as a wvhole the south

ocean is close to isostatic compensation. The sections of
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island arcs and abyssal trenches of south ocean of the
similar to the island arcs Northern Hemisphere are distant

from isostatic compensation, and here c¢ne should expect i

: considerable isostatic anomalies. j

As concerns Drake Passage, here the value of regional

anomalies in free air reaches +150 mgal. Gravitational field
in region of Drake Passage and Scotia Sea is constructed

in essence according to the results of determinations for |
the diesel-electric ship "Ob*™ in 1957-1958 hg, (Frolov, |
1963). These observations were not very reliable due to the
great effect of the perturbation acceleration, caused by the
tossing of ship. However, American determinations to the
south of Tierra del Fuego (Worzel, 1965) and English

measurements on South Shetland 1Islands (Griffiths o+t al., 1964) |

confirmed the presence of considerable positive anomalies in
free air. This value of anomalies allowed E. D. Koryakin
to draw a conclusion about the absence of isostatic

compensation in region of Drake Passage¢.

The analysis of the relief of the sea botton,
character and the value {(normal) of Bouguer®s anomalies, and

also the results of deep seismic sounding showed that the

earth®s crust in Drake Passage and at Scotia Sea has
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connected with the region of wmainland glaciation.

Antarctic shelf has coamplex structure. It has the
diverse complexes of the forms of relief, united into
parallel to shore morphostructure forms; decreases in the
relief are alternated with the elevated sections with the
amplitude of heights from several hundreds to 1000 m and

mofe.

The gravitational field of anomalies in free air of
the limb zone of antarctica has complex character,
reflect/representing the mainly basic features of the

structure of wunderwvater and under-ice relief.

In region of Queen Maud Land is observed the

alternation of the =zones of positive and negative anomalies.
Each Zone has sublatitudinal strikescourse and it is adapted

to the specific large geomorphological cell/element, moreover

to each zone 1is noted the correlation of anomalies with

the depths of the sea botton.

South of the African-Antarctic basin with positive or

close to =zero by anomalies is stretched the zone of

negative anomalies. The value of anomalies is changed from

et i e e i e et
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-1 to -100 mgal. Within the 1limits of this band, is
separates/liberated the zZone of positive (*20 mgal) anomalies,
vhich 1is necessary for undervwater elevation to north froa
station Lazarev. Further to the scuth goes the band of
positive anomalies. It seizes shelf on Princess Astrid

Coast, in narrovw band is stretched to Riiser~Larsen Sea
north from Roi Baudoin Station and considerably is expanded
to north from Cook Peninsula and in regicn of the Gunnerus
Range. AnoOmalies correlate with the depths of the bottom of
sea. If in the basin of the Riiser-Larsen Sea with depths
more than 3000 m are noted weakly positive anomalies

+(5-10) mgal, then to the Gunnerus Range correspond to

anomaly in free air with values +(30-170) mgal.

To the region of shelf glaciers and foothills of
glacier plain corresponds the band of considerable (several
dozens of amilligal) negative anomalies. The deep-vater
depression of gulf/bay 1lhtgov-Holm is noted by intense
negative anomalies ~(50-80) mgal. To the east and the vest
from this Dbasin/depression of anomaly, they are increased.

To the south and the east from Shirase Glacier, betveen
Luetsow-Holm Bay and Yamato Mts. iS revealed the broad band

of considerable negative anomalies.

TP ey ER——— P —~ ‘—_———T
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To the southeast this band is continued under 1lanl ice.
the route of Japanese expedition, the value of anomalies

reaches -40 mgal, on route 9th SAE - to =48 amgal. This

On

band of negative anomalies notes that deefp depression (with

depths it is more than 500 m), separating Enderby Land

from the internal parts of the continent of antarctica.

The mountain range of the western and center sections

Of (QUeen Maud Land and Soer Rondane Mts. are characterized

by the small anomalies of altermating/variable sign, but

the Yamato mountain mass anomalies reach +90 mgal. To the
south of VYamato Mts. in the point of the intersection of

the routes of Japanese and Soviet expeditions, 1is observed

on

the considerable disagreement of anomalies (see the following

section). Figures 8 and 11 depict the anomaly of Japanese

expedition and corrected for high anomalies of Soviet
expedition. Bouguer®s anomalies on this section from south
to north change from -177 to +440 agal, moreover is
noticeable the sharp correlation of anomalies with relief.
Outlying seas and the African-Antarctic basin are
characterized by the values of anomalies ¢300-+400 mgal.

Above underwater elevations and the spine/ridges of their




DOC = 78008703

decrease +(100-200)

glaciers characterized by positive anomalies with values

+{50-100) Foothill

mountains separate/liberated by k

negative anomalies - (100-150) mgal. The -elevated

sections astronauts®s characterized by positive

anomalies
positive anomalies 1is stretched to
southeast
intense positive anomalies
anomalies
mountains

under-ice than 1300 m. Abyssal

Cosmonaut characterized by intense
negative anomalies

negative anomalies, stretched

Alasheyev corresponds

Enderby Land has the

complex, changing anomalies in free air

completely corresponds

Sakellari,

Promontories continuing

characterized high, to +(70-90) mgal,

B ————

zone of shelf

the circuit of

air. One should

turther to the east

correspond to

air. The band of
from the Cosmonaut
deep depression of

same direction.

to the relief of
and Vernadskiy

of the uplift/rise




pDoC = 78008703 PAGE

by positive anomalies.

lena and Amundsen Bays are

sgal by anomalies in free

under-ice relief, filled by

characterized nejative, to

i The young block

Separate/liberated by

mgal) anomalies. This

from has 1isostatic

50

Dividing

-(30-40)

mountains
extremely

indicates

125

them Alasheyev Bight and

noted small positive +(10-20)

air. The basin/depressions of

leading-out glaciers, are

(mgal, by anomalies.

of Enderby Land are

intense positive (to +¢170

what the indicated region

compensatione




l'lllIlllllul-u--I--I-Ill-lllIl!!l!!!!!‘!!!!'!!!!"'“""“ﬁ'“" — R s

DOC = 78008703 PAGE 82 /2 (,

\z -~
i SELTRIR
3 e w oA o i\ip ° n:__g_..ur' M oo a

" el o st

Pig. 8. Gravitational field of Enderby Land (anomaly in

free air), mgal (according to Ye. D. Koryakin, P. A.
Stroyev, A. I. Frolov, 1970). Key: (). Cosmonaut Sea- (2).
Enderby Lande (J). (Cueen MNaud Land. (4). Kemp Coast. (5).
Cape EBustnes. (6). Edwvard VIII Bay. (7). Amundsen Bay. (8).
Sakellari Peninsula. (9). Alasheyev Bight. (10). Molodezhnaya.
(1) . Prince Olav Coast. (12). Showva. (13). Luetzow-Holm

Bay. (14). Scientific station Molodezhnaya. (15). Scientific

station Showa. (16) Ongul 1Is. (17). Shovwa.
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Pige 15. Gravitational field of Enderby Land (Bouguer®s

ancesaly), mgal (according to Ye. De Koryakin, P. A.

Stroyev, A. I. Frolov, 1970).

Key: (1)« Cosmonaut Sea. (2). Enderby Land. (3). Queen MNaud

Land. (4). Cape EBustnes. (5). Edward VIII Bay. (6).
Oceygarden Is. (7). Kemp Coast. (8). Amundsen Baye. (9).
Tange Promontory. (170). Molodezhnaya. (11). Prince D0Jlav
Coaste (12). Showa. (13)« Luetzow-Holm Bay. (14). Scientific

station Molodezhnaya. (15). Scientific station Showa. (16).
Ongul Is. (17). Showa St.
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Page 53.

In the east part of Enderby Land om the Oeygarden Islands
(Edvard VIII Bay) are noted considerable positive (more than
+70 mgal) anomalies; shelf 1low water to the northeast froa

Cape Eustnes is also characterized by intense positive (more

than +90 mgal) anomalies, but the dividing them narrov and |

=

deep (more than 1500 m) basin/depression is noted by a

clear minimum of anomalies (to -70 mgal).

The field of Bouguer®s anomalies (Fig. 15) has calmer

character, mapping into 1in essence the special
feature/peculiarities of the deep structure of the earth's
crust. Bouguer®s zero isoanomaly passes along the shore line
of Prince Olav Coast, the western part of Enderby Land,

and in region of Amundsen Bay departs to the depth of the
center section of Enderby Land. In the 2one of the

continental slope of isoline, they are congealed, creating

considerable horizontal gradients. In the internal regions of

Enderby Land Bouguer®*s anomaly in essence, positive, and

only high mountain masses to the south from shore in the
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Gunnerus Range and the Maud elevation, which 1s stretchad
! of in parallel to these structures and by that cut off by

the repeated onsets wmainland glacier. The absence of

increases in the relief of the bottom of sea in the place
of the thickening of the earth®s crust testifies to the

isostatic lack of balance of these sections. |

Prydz Bay on Princess Elizabeth Land is one of the

largest gulf/bays in antarctica. This gulf/bay together with

the Enderby Glacier 1is the enormous depression, elongated in
submeridional direction and wvhich gashes antarctic continent
for the extent/elongation of wmore than 100 km. The field

] of anomalies in free air 1is here characterized by
considerable complexitye The values of anomalies vary from
¢80 to -60 mgal, moreover the zones of positive anomalies
are changed by the zones of negative anomalies, creating

] considerable (40-60 Eotvos) horizcntal gradients. Anomalies

noticeably correlate with the depths of sea and in essence

reflect the complexity of underwater and wunder-ice relief.
Page Sk.

So, to the wuplift/rise of the sea bottom 1in the northeast

part of Prydz Bay (Pour Ladies Bank) corresponds the zone ﬁ

b
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of positive (to +78 agal) anomalies. To shelf lov water
north of Cape Darnley correspond tc anomaly +(30-60) mgal.
Considerable depths (more than 500 m) in MacKenzie Bay are
noted by the zone of negative (to -60 @mgal) anomalies.
Abyssal basin to north from Polar Record Glacier is also
seParate/liberatel by the zone of negative anomalies. The
Vestfold Oasis in regicn of Davis Sta. is characterized by

positive (more than +70 mgal) anomalies in free air.

Bouguer'®s anomalies in Prydz Bay have smooth, are calnm
character, isoanomalies repeating the outlines of gqulf/bay
and 3just as gqulf/bay, considerably they submerge iato the
depth of continent., The value of Bouguer®s anomalies varies
from 0 to +160 mgal in the very Prydz PBay; it is
northern, in region of continental sloge and deep-vater

basin, Bouguer®s anomalies are increased to +(250-350) mgal.

Very is studied in detail gravitational field in region
of Pravda Coast. As in other places of antarctic coast,
the field of anomalies in free air is characterized by
exceptional complexity, changing from +135 mgal in region of

Pobeda ice 4island to =91 agal on Shackleton Glacier. The

R
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zones of the positive anomalies, elongated 1in parallel to
shore, are changed by the =zones of negative anomalies,
reflecting the basic morphostructure special
feature/peculiarities of the relief of the bottom of sea

and the bedrocks wunder shelf glaciers.

The West Glacier 1is characterized in essence by the
positive anomalies whcse average value from +25 ¢to +30
mgal. The Zavadovskiy, Mikhaylov, and Leskov ice domes, the
region of Cape Maksimov and Chelyuskintsev Peninsulas are
separate/liberated by considerable (from +¢S5Q to ¢85 wmgal)
positive anomalies. South of the ice 1islands of Mikhaylov
and Zavadovskiy to the side from Philippi outlet glacier is
stretched the band of negative apnomalies, the minimum of
anomalies reaches -42 mgale The western part of the glacier

is noted by anomalies from +15 to +20  @mgal.

Anomalies of the force of gravity at Davis Sea 1in
essence negative. The a@ainima of anomalies are adapted to
the sections of the greatest depths. In essence by negative
anomalies is characterized the western part of the
Shackleton 1Ice Shelf. However, anomalous field on this
section has sharply alternating/variable character, and the

values of anomalies vary from -90 to +¢87 mgal. The

"f"'"""?'}f"ﬂ"ﬁ

“1
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northwester: part of the glacier at Cape Vize, in the
region of Wwhich the depths do not exceed 150-200 wm, is
characterized by positive (from +37 to +45 mgal) anomalies.
More souUtherly stretches the zone of negative anomalies,
within 1limits of which by positive values are characterized
only dome ice islands - Masson, Henderson and narrowv band,
vhich 1is stretched to west from Malygintsev Bay. In the
east part of the Shackleton Glacier, where the gravitational
field is studied 1less in detail than in wvestern, is
establish/installed analogous 1law. Glacier dome islands -
Mill and Bowman - are characterized by positive anomalies,
Whereas southr is stretched the curved band of negative

anomalies.
Page 55.

The Bunger and Obruchev oases, within 1limits of which
stone rock/species emerge to surface, are characterized by

considerable positive (to +85 mgal) anomalies.

To the south from the peaceful, 1is stretched the vast
band of positive (to +100 nmgal) anomalies in free air,
vhich of the 70th parallel is changed by the zone of

negative anomalies, which exits to the southeast, to Wilkes ‘ ;

sl
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Land. Still further to the south, on route Micrnyy -
Pionerskaya - Vostok, zones of positive anomalies are

alternated with the =zones of negative anomalies.

Bouguer®s anomalies in region of Pravda Coast vary from
¢300 to =100 mgal. The character of Bouguer®'s anomalies 1is
somevhat complicated in region of the West [ce sShelf.
Chelyuskintsev .Peminsula probably 1s the result of changing
the thickness of ¢the Farth*s crust. Entire/all area of West
Ice Shelf is characterized by Bouguer®s anomalies ¢ (80-100)
mgal, while the Davis Sea and the vestern part of
Shackleton @Glacier have anosalies cof Bouguer of order
+(30-50) mgal. This difference 1is interpreted by us as
effect of the Moho surface; howvever, 18 pnot excluded the
probability that it is caused by a change in the density

of the earth®s crust or upper mantle.

The Bunger and Obruchev oases are characterized by
Bouguer®s positive anomalies, to +(65-70) wmgal, and by close
to them in value anomalies in free air (to ¢85 mgal).
Consequently, the values of isostatic anomalies in region of
the Bunger and Obruchev oases must be on the average close
to ¢70 mgal. This 1is confirmed by the calculation of the

isostatic anomalies wvhose value wvas 68 wagal. This high
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value of 1isostatic anomalies makes it possible to consider
that region ot the Bunger and Obruchev oases 1s Jdistant
from isostasy. It 1is not excluded also, that the
considerable positive anomalies of this region are caused by
close arranyement to the topographic surface of rock/species
vith anomalously high density. If is correct the first
assertion, then region of the Bunger and Obruchev oases

must be referred to the peripheral zone cf the; block
uplift/rises, which are stretched trom the Golitsyn Mountains
to the strackton and Amundsen Mouptains (that 1is confirmed
by aeromagnetic data), by very distant from isostatic

compensation.

The region, arrange/located between trans-Antarctic
mountains on the one hand and Gasturtsev and Golitsyn
Mountains on the other (Wilkes Land and Victoria Land), is
characterized by from other sections of the 1limb zone of
east antarctica the wunusual gravitational field,
characteristic feature of which 1is predominance over the

vast areas of intense negative anomalies.

If on the sections of shelf and in the circumlittoral
zone of <continent to 702 south 1latitude still are observed

considerable positive anomalies, then to the south from the
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70th parallel on 1larger part of Wikles and Victoria Lands
predominate the negative anomalies whose value reaches to

=100 mgal.

Bands of positive anomaljes are adapted to the
uplift/rises of wunder-ice relief, zone of negative anomalies
correspond to intermountain basin/depressions and the

depression of under-ice bed.

Page 56.

Hovever, although the significant part of the value of
anomaly is caused by the special feature/peculiarities of

the structure of relief, main role here Pplay deeper

factors. So, vast by area winisum in the d°Urville Sea

with anomalies to =(50-60) mgal in essence coincides with
shelf shallows, although deep basin/depressions of 1leading-out
glaciers are characterized by a considerable decrease in the
anomalies. For example, the discharge opening of the Ninnis
outlet glacier 1is characterized by the value of anomaly =69

mgal, and in Cooperation Bay is noted ancmaly ~145  mgal.

Trans-Antarctic mountains are characterized by the

considerable positive anomalies in free air wvhose value here
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reaches +190 myal (Queen Maud Mts.). However, even, here
intermountain sections with a small decrease in the heights
are noted by negative (sometimes considerakle) anomalies.
This it indicates the complex dependence of anomalies not
only on relief, but also on the deep structure of the

earth®s crust.

Bouguer®s anomalies on Wilkes and Victoria Lands bear
smoother, calmer character-. On maritime portions the value
cf anomalies changes from 0 to +280 mgal, on continent -
from +80 to =200 mgal. TIn the region of the continental
slope the isoanomalies are congealed, creating considerable
(5-20 Eotvos) horizontal gradients. Zero isoanomaly
approximately corresponds to shore 1line. Further to the
south into the depth of the continent of the value of
anomalies, slowly they decrease. Attention is drawn to the
band of Bouguer?s positive anomalies Letween 67 and 69°
south latitude on route Wilkes Sta. - Vostok Sta. Nowhere
in east antarctica at this distance from shore, are
encountered positive anomalies. Here this band is stretched
on latitude at a distance of wmore than 250 km; the values
of anomalies reach to +95 mgal, especially as on Budd

Coast 1is stretched the band of negative anomalies, vwhich

separate/liberates zone mentioned atove from the field of




DOC = 78008703 PAGE €5 |5

positive anomalies in circumlittoral part. In the sense of
under~ice relief, this section especially in no way differs
frcm other sections of route. Consequently, the source of
this anomaly lie/rests at the earth's crust or its lower
than bottom. The complex of geologic geophysical
investigations in this region is shown complex geologic
structure, the block tectonics of the crystal basement of
the antarctic platform wvhich create the considerable

anomalies of geophysical fields (wWalker, 1966).

To the east from the belt/zone of trans-Antarctic
sountains, on the Ross Ice Shelf and its 1islands vwvhere the
heights of glacier are changed insigniticantly, predominate
negative anomalies in free air with average values from =20
to -30 mgale And only in two places - above the
basinsdepression with depth 1000 m and atove the island
vith depth 100 m - anosalies comprise with respect 69 and

to +34 mgale.

Bouguer®s anomalies on Ross Glacier are positive. They
vary from +20 to +70 mgal. The secticn c¢f glacier to west

from Roosevelt Island is separate/liberated by negative (to

-30 mgal) anomalies.

et sl
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The basin/depression of the Filchner Ice Shelf |is
characterized by negative anomalies in free air. The Berkner
and Korf elevations which are 1located on the wuplift/rises
cf under-ice relief, are separatesliberated by positive
anomalies. As a whole on the glacier of anomaly, they

change from =-58 to 463 mgal.

Bouguer®s anomalies in Western antarctica are represented
leaner in comparison with the field of anomalies in free
air dve to insutficient study of under-ice relief. On
Ellsvorth Land, the 2zones of positive (to +60 mgal)
anomalies are changed by the zones of negative (to =60

mgal) anomalies.

On the Filchner Glacier, Bouguer®s anomalies positive,
their value reach +70 mgal. The nunataks on Luitpold Coast

are characterized by negative (to =20 mgal) anomalies.

After feeding the result of the characteristic of
gravitational field in the 1limb zone of antarctic continent,
it must be noted that the anomalies in free air clearly

record/fix sharp 1local variations in the relief of stone
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rock/species and they make it possible to isolate the

raised or omitted units of the earth®s crust on the
sections, covered with mainland or shelf ice. The
geomorphological special feature/peculiarities of the structure
of the bedrocks in boundary/edge and especially in shelf
zones (presence under the glaciers of considerable elevations
and deep basin/depressions and trenches) create the high
gradients of anomalies. The vast fields of intense positive
and negative anomalies in 1limb 2zone indicate the absence of
isostatic compensation these sections. However, conmparatively
lov values of positive regional anomalies in the central
regions of continent, intense negative anomalies in
intermountain basin/depressions, small negative anomalies in
valleys in the presence of intense positiwe anomalies in
limb zone and above large nwmountain masses, dgenerally
speaking, correspond to the «circuit of regional isostatic
compensation. It is hence necessary to assume that as a

vhole antarctica 1is «close to isostatic compensation.
Page 58.
The <crust of tne center section of the antarctic continent

caved in under ice 1load, after displacing heavy subcrustal

masses to limb 2zone. On this, testify the bands of
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positive and negative anomalies, which are pulled 1in
sublatitudinal direction in parallel to the configurations of

continent.

Systematic errors during gJravimetric investigations in

antarctica.

The measurements of the force of gravity in the
circumlittoral zone of antarctic continent are conducted with
the aid of gravimeters, the height of points they are
determined by the method of barometric leveling, coordinate
- 1in an astronomical wanner and a numeration. In view of
the special conditions of work in antarctica it is possible
that data of some expeditions contain considerable systematic
errors because of the errors of Larometric height and in
smaller measure because of the errors strictly of

gravimetric determinations.

During mapping of gravitational field to this fact by
us was directed special attention, in connection with which
was carried out the analysis of the results by means of

the comparison of these different expeditions in the points
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of the intersection of routes or on the closely spaced
points. Such errors were reveal/detected in the results of
some Soviet and foreign expeditions. In certain cases when
independent direct/straight or indirect data of errors are
present, they were establish/installed and were taken into
account.
)

The unprecedented even for (%ntarctica fact of the
disagreement of the values of the heights of the surface
of glacier and anomalies of the force of gravity have
reveal/detected we in the «circumlittoral zcne of east
@ntarctica (Stroyev, Frolov, 1970). On Queen Naud Land,
south of Showa Sta. 1in Tregion 74,59 south latitude and
38.4° east 1longitude intersect the routes of the expeditions
of Japanase expedition into 1961 and 9th SAE into
1963-1964. The difference in the average values of heights
at isolated poiats near the point of intersection of the
routes is 310 m, wvhile a difference in the anomalies of
the force of gravity is about 140 mgal.s The results of
the peasurements of these expediticns are represented in
table 3, vhere ¢ is the southern latitude, X\ is east

lo.gitnde..”. is height of the glacier above sea level, ¥

N, K.n

- height of stone rock/species according to data »>f seisamic

soundings (SZ) (on the points of Japanese route data S2Z
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are not published), 8,a6n. - the <cbserved value of the
force of gravity expressed in the system of American strong
points, Ag - the anomaly with reduction in free air,

obtained from the international formula of normal values.

Collating data tables 3 on two expeditions, we see
that in essence the difference in the anomalies, which
reaches on the nearest points U4-5 and 4°'-5' ~140 by mgal,
is caused by altitude difference.; however, even, those who
vere observed value ¢ diverge on 35-40 amgal.

HaGa.

Page 59.

Since the observation stations are not accurately combined,
but difference of heights systematic, difference £ ,464.Can be
caused only by the structure of the bed of glacier, i.e.,

by altitude difference of stone rcck/species H which at a

"nl
distance 5-6 km must be about 450-500 wm. Similar jump/drops
in the heights in the mountainous regions of antarctica are
possible, but systematic deviation on the extended section

it indicates the groundlessness of a similar explanation in

this case.

We examined in detail all the published materials, and
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are also discussed the results of work 9th SAE with some
participants of this expedition. The results of the work of
Japanese expedition were discussed with Japanese scientists,

unfortunately not with the executors of these investigations.

It is establish/installed that the heights of points by
Japanese expedition 1961 on section frcm Showa Station to
Yamato Mountains and further to 75° south latitude are
determined by the method of route barometric leveling s
¥ith support to one station, Showa. The accuracy of heights
cn the first section where are carried cut repeat
measurements, they are estimated at error +10 am. 0On the

Second section, in the opinion of author (Oura, 1965)., are

possible the errors to 80 nma
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Tarle 3. Compariscn of the results of the gravimetric
measurements of Japanese and Soviet expeditions.
Ne
nyuxﬂ(’a/ * A "":"" fx.a. buaca. ¥14 B¢
(2/A nouckas sxcneanunsa, | 861
1 74°%9’  38°08’ 3134 C3-19 981873 +6
2 21 13 3150 - 840 -28
| 8 30 16 3168 C3-20 819 54
{4 34 17 3157 = 826 -53
'S 40 19 3165 - 838 44
6 45 22 3198 - 832 43
7 51 24 3222 - 832 -0
8 57 26 3232 C3-21 817 =57
[?/8-a CAD, 1963-1064
v 74%7"  89%22° 3426 - 981 882 +106
2 16 02 3453 - 868 + 99
3 25 38742’ 38482 - 858 + 86
4 35 24 3498 1018 ™ 862 + 88
5 42 37%3 3523 - 873 +101
6’ 50 022 3518 - 869 + 88
i 7 59 36 49’ 3504 - 883 + 82
Key: (1)« points. (2). Japanese expedition. (3)« 9th
SAE.
i §
; Page 60.
In 9th SAE on section from the Pole of Inaccessibility
; to Molodezhnaya Station was applied synchronous (lcc.)
barometric 1leveling (simultaneous readings of aneroids on tvo

s e~
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Foints of route with the subsequent change in the
instruments and the cosparison of their readings). Extent of
route - approximately 2400 km, the duraticn of 1leveling -
40 days. The obtained difference from course, equal to 140
m, 1is distributed evenly on points Ap = -0,6n (Bugayev, 1965).
However, late results wvere reexanmined: heights were

calculated relative to Molodezhnaya Station(HGuL Altitude
difference, obtained by the indicated nmethcds, varies from

-36 to =157 m. Average value ”CGH-"Gu--!os:l7u‘ 1,

FCOTNOTE ', Here and below the errors are calculated under

the condition of equal accuracy of datas ENDFOOTNOTE.

Independent control on section from Mclodezhnaya Station
to 68.3° south 1latitude is <carried out on the map/chart of
Enderby Land of natural size 1:1 000000 (Atlas of the
Antarctic, 1966). Elevations on w@map/chart are obtained by
aeroradiobarometric method with accuracy +(5-6) m. Horizontals
are carried out through 100 m. Altitude difference on 4

points of this sectionw -#__ - -130%20 a.

At the end 1966, were published in the form of
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curve/graphs the preliminary results of American expedition
1965-1966 (Beitzel a.o0., 1966), laid route from South Pole

tc Pole of Inaccessibility and further for west to turning

point and then through the southeast to the newly organized
American Plateau Station (¢ = 79°215* south latitude; X\ =
40°30* east longitude; H = 3624 m)« Routes 9th SAE and
American expedition intersect at point 80°20*' south latitude.
American expedition also applied barometric leveling., As
strong point served station the east. For the observations
of air pressure, they served 12 barometers (altimeters). The
values of heights we have obtained frcm the curve/Zgraphs
into two hands by repeated measurements with the graphic
error of one measurement +(20-30) w®m A difference in the
average values of heights on the sections of routes of the
point of their intersection render/showed on this section of
systematic: 4, - A - -110210 ®. Consequently, the direct/straight
comparisons of the values of the bheights, accepted 9th SAE,
with the heights, obtained from other four sources from
which three independent variables, <chow that in heights 9th
SAE is reveal/detected the systematic errcr of order

+(100-130) m.

Let us show now that and some indirect signs confirm

these conclusions.

h., ,;J
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The overall statistical relationship/ratios between the

anomalies of Faye and effective heights,
by A. I. Frolov for central regicns and
east antarctica, take the form:

the central regions

the 1limb zone

Qg~49 R ( «=-21g mgal)

here H <~ effective height, kn, & = the
equation.
Page 61,

establish/installed

the limb zone of

(2)

error of

On route of 9th SAE from Vostok Station to the Pole

of 1Inaccessibility wvhere the heights are

obtained by

geodetic leveling, the dependence pointed cut above takes

the form:
8= -85+64 R (¢« =114 mgal).

(3)
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Let us use these average statistical relationship/ratios
to the sections of route 9th SAE, after 1isolating central
regions from 829 to 74° south latitude and 1limb zone ¢ <

70° south latitude. Por the section of central zone, vwe

have Ag = +42 mgal and H = 1.48 km. For section of 1limb
zone A9 = +110 mgal and H = 1.20 kn.
Substituting the value of H = 1.48 in formulas (1M

and (3), but H

1.20 into formula (2), vWe will obtain
with respect Ag = +20 to mgal; Ag = +10 mgal; Ag = +59
sgal. Differences in the expected anomalies with actual will
be 22, +32 and +51 mgale On an entire route the actual
values of anomalies are overstated frcm +20 to +50 nmgal,
and in average/mean by approximately +35 mgal, which

corresponds to the error in height of approximately +110 =

The investigations of the heights of geoid (Frolov,
1967) indifectly confirm the errors of data 9th SAE. In
sector 30-60° east 1longitude of the height of geoid,

obtained from defective data 9th SAE, they proved to be
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overstated in comparison with the heights, brought out from

observations of artificial Earth satellites, on the average

cn 25 ma.

Thus, straight 1lines and indirect prcef indicate that
the heights 9th SAE contain the systematic error of order

+120 .

e il
SRR

On the basis of the results of the investigations of ‘
the bheight of points 9th SAE have been we corrected from 1
81938* south latitude 45°33¢ east longitude to 75°45* south
latitude 32°48* east longitude on =100 m, and of 75939
south latitude 33924' east longitude to 67951 south

latitude 45048¢ east longitude on =125 m,

As concerns of these Japan®se expedition, then is
obvious only reldtive (accordiRg tO coffected data 9th SAE)
systematic error of order =-180 m on the section of the
intersection of routes. However, data insufficiently, and

these results should leave thus far without change.

The made conclusion/derivations are confirmed by data of
geodetic leveling on route 12th SAE into 1967 from

Holodezhnaya sStation to the Pole of Inaccessibility 1.

4_______“_’_____________‘1
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FOOTNOTE !, Simultaneously here was fulfilled barometric

leveling. ENDFOOTNOTE.

This route from NMolodezhnaya Station to 69° south latitude
passes near route 9th SAE, somewhat east it. Difference in
longitude of points is from +5 to +25'e and from 69 to
72° south latitude - frem +16 to +65'. Further to the
soUth route 12th SAE retains direction in the pole of
inaccessibility and far is deflect/diverted to the east from

route 9th SAE.

On section from Molcdezhnaya Station to 699 south
latitude altitude difference on six points with equal
latitudes varies from -84 to =158 m. Average value =-132+4
m. Thus, on this section 1is confirmed the systematic error,
obtained from the marks of the mag/chart of Endecrby Land
(130 m), and is establish/installed the real random error

of the taken barometric values of heights ¢34 .

Page 62.
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On section from 69 to 729 south latitude with the
egqual 1latitudes of altitude difference, they change from -14
to +27 wm. Average difference +12 nm. However, on this
section from route 9th SAE to route 12th SAE, Jjudging by
the wmap/chart of Enderby Land, the surface of glacier

noticeably it 1is raised to the east, and the horizontal

they go under azimuths of approximately 60°; therefore the
extrapolation of heights it cannot give reliable rasult.

From 72° south latitude of altitude difference of points
with equal latitudes, again become negative, reaching 125
But the heights of these sections scarcely whether it is

fossible to compare.

On route Pole of Inaccessibility - Plateau Station -
point of turn of 9th SAE - Novolazarevskaya 1in 12th SAE
heights were determined by the method of synchronous

barometric 1leveling.

Route of 12th SAE accurately intersects route 9th SAE
at the turning point of the latter. It is of interest to
compare the heights of two expeditions. According to data

9th SAE in the wvicinity of point of intersection wmediunm
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altitude H = 3347 m (it is direct at turning point H =
3318 m); according to data of 12th SAE H = 3317 am (it

is direct at point of intersection H = 3286 m). Altitude
difference does not exceed 30 m. It would seem that the
heights 9th SAE do not contain considerable systematic

errors (comparison it goes in all over one point). However,
on route 12th SAE Pole of Inaccessibility - Novolazarevskaya
is obtained difference 314 w. This value indicates that in
the case of variable pressure gradient on this route, if

we do not consider its effect, this can 1lead to

significant systematic errors.

Furthermore, on route Molodezhnaya - Pole of
Inaccessibility difference in the determination of heights by
barometric method proved to be equal to 112 m. The
comparison of the equalized barometric height On this route
with geodetic heights showed that altitude differences vary
from +13 to -59 =m, the differences having by sections
systematic character. Average on route it gives systematic
difference -17 m. Without taking into accocunt this
systematic difference, is obtained the roct-mean-square error
in determination of heights by barometric method, egqual to

426 m.
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FPinally, it is interesting to comgare heights at
Plateau Station. In 12th SAE 1is here obtained the height
3686 m; according to American data (Picciotto, 1966), it is
3624 m, i.e., disagreement is equal to 62 wm. Thus, and in
these 12th SAE there can be errors, tLtut into data 9th SAE
the presence of the considerable systematic error does not

cause doubt.

In connection with the reveal/detect/exposed altitude

errors and gravitational force of fpoints 9th SAE arises the

question also concerning the reliabjlity cf the results of
determining the heights c¢f under-ice relief by this

expedition.

If the results of the seismic determinations of

expedition are reliable and obtained independently of the
gravimetric, then the reveal/detect/exposed systematic errors
in height of points will change with respect (100-125 m)
and the results of the determinations of the heights of

the bed of glacier.

e R A LR A

R Page 63.

! However, if on some points of reflection wvere uncertain and




.

DoC = 78008703 PAGE 8% |5 (g

"were correlated®™ by means of the analysis of Jravimetric
(also erroneous!) data, then was pcssible another
interpretation. The executors of work (Kapitsa, Sorokhtin,
1965) note that on section from the Pole of Inaccessibility
to Molodezhnaya Station an interval betveen the points of
seismic soundings (SZ) was 200 km. Of 21 points of SZ on
route Vostok - Molodezhnaya at twelve points were obtained
sharp reflections; at seven mirror points, they vere
correlated less confidently, and determination or the
selection between the axes of cophasality was necessary to
make on the basis of the analysis of gravimetric data; at
twvo wmirror points, they were not obtained entirely. It is
not shown that at which cconcrete wmirror points are obtained

uncertaine

All this gives grounds to assume that and in the
determination of the depths of under-ice relief from route
9th SAE are considerable errors. Figures 16 depicts the
circuit of under-ice relief, obtained by American scientists
on the route Pole of Inaccessibility - turning point -
Plateau Station. This <circuit 1is constructed according to
data of 16 points of seismic-refraction scundings and 136
gravimetric points. On this same circuit Lty dotted line is

shown the boundary 1ice -~ stone rock/species, constructed
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according to data 9th SAE (Kapitsa, 1966). As can be seen
from circuit, under-ice relief in data each expeditions is
characterized by significantly. Instead of the flat

depression of the bed of glacier, according to data 9th
SAE, from Pole of Inaccessibility sStation to the Western
Plain of the height of wunder-ice relief, according to
American data, remain positive at a distance more than 450
kme. The bottom of glacier has the complex, separated
character, forming mountains with height w®mcre than 1200 =m
and basin/depression with the heights 1lower than sea level.
In the point of intersection of routes 9th SAE and the
expedition of the USA, we have disagreements in the height
of under-ice relief 700 m. Under Plateau Station instead of
high @aountains (with marks of approximately 2000 m,

according to data 9th SAE) we have positive heigszts S500-600

. 2

Thus, Western Plain, which occupies in detailed mafs
{Atlas of the Antarctic, 1966; Kafpitsa, 1966) enormous area,
is confirmed by American investigations only for
extent/elongation 150-200 km. Where on circuits (atlas of
the antarctic) 1is shown basin/depression, are raised
moUntains. The isolines 1000-1500 me which fix the

Vernadskiy Mountains as continuation of the Gamburtsev
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sountain system, are not confirmed. According to American
data, here the heights of under-ice relief hardly reach

500-600 m.

Published data of the seismic sounding (Kogan, 1968)
also confirm this assumption. Figures 16 gives ¢the map of
under-ice relief, constructed according to data ¢the 9th and
12th SAE. In the diagram it is evident that on the
1000-kilometer route instead of mountains Lty height more
than 11700 =a (according to data the Sth SZ) 1is an
under-ice basin/depression with marks =-206 m. And only from
the 1100th kilometer of route begins wuplift of the basic
bed of glacier. On 80° south latitude and 52° east
longitude where according to data 9th SAE 1is designated the
apex/vertex of Vernadskiy Mts. (more than 2000 m), according
to data of 12th SAE, the height <¢f wunder-ice relief is

1047 wm.
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Pig. 16. Map of under-ice relief 1 and 4 - relief of

I
topographic surface:s 2 and 6 ~ depths according to data

9th SAE; 3 - depth according to data of expedition of the

USA; S - deep according to data of 12th SAE.

Key: (1)« Novolazarevskaya. (2). Queen Maud Nts. (3). Yamato
Mountain. (4). Showa. (S). Molodezhnaya. (€). West Plain.
(7). Plateau Sta. (8). Vermadskiy Mts. {9). Mawson. (10) .
Pole of 1Inaccessibility. (17) . Sovetskaya. (11a) . Gamburtsev
Mts. (12). Platzau Sta. (13). point of intersection of
roUtes. (74). Turning point. (15). Pole cf Inaccessibility.

(¥6) . Pole of TInaccessibility. (7). Molodezhnaya.

[Page 65.] It is interesting to note that at the Pole of
Inaccessibility the difference in the determination of the

pover/thickness of glacier by two Soviet expeditions composes

840 nme.

As a result of the carried out analysis, it |is
possible to make the conclusion that the Vernadskiy Mts.
(if really/actually they there exist) scarcely vhether to

competently stretch in the form of mountain range in

meridional direction ¢to Cook Peninsula and the Gunnerus sand
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bar. Those mountains discovered enroute can be attributed to
the VYamato and Gamburtsev mountain system which are divided

btetween themselves with considerable under-ice plains.

Some Special feature/peculiarities of the gravitational field
of the south ocean and antarctic its communication/connection

with the deep distributicn of masses of the Earth,

Besides the common/general/total 1lines of gravitational
field, vhich are 1inherent in the specific morphostructure
cell/elements of all parts of the south ocean, it is
possible to note some special feature/peculiarities of field,
which relate to the overall regions of the Southern
Hemisphere. So, in the Atlantic sector of south ocean
Argentine and Ccape Basins with identical depths are
characterized characterized by the differenmt values of
anomalies in free air. Por the Argentine basin are
characteristic negative anomalies from -10 to =20 mgal,
wvhereas the Cape and Agulhas Basins are noted by <close to

zero anomalies.

Even more sharply in the field of anomalies in free

air are distinguished the basins of the 1Indian sector of

|
.i
;}
l
j
‘]
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south ocean. The African-Antarctic Basin is characterized by
considerable positive anomalies, the Australo-Antarctic Basin
- by small positive and by places by negative anomalies.

At the same time Western Australian and Southern-Australian
basins are wholly characterized by the field of considerable
regative anomalies. Moreover the band of negative anomalies
from Australia 1is stretched to the southeast into the
Australo-Antarctic Basin and further to antarctic coast in
region of Wilkes and Victoria Lands. Figures 17 depicts the
dependence of anomalies in free air on the depths of the
ocean floor for the western and east parts of the Indian
sector (as approximate boundary it serves the 90th

meridian). It is evident that both on the scatter of the
values of anomalies for one and the same intervals of
depths and of ¢the average value «c¢f these anomalies 1in the
agpropriate intervals of depths the western part differs

from the east. As a whole western part is characterized by
the average value of anomalies +12 mgals, east part has the

average value of anomalies =10 mgal.

Page 66.

Besides this overall difference, for an Indian sector

are differences in the smaller order, So, Mozambique basin
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is characterized by negative anomalies, wvhereas adjacent
Crozet Basin is noted by small positive anomalies in free

air.

In the Pacific Ocean sector of the south ocean of
such differences, it 1is not observed. The regions of
positive anomalies are changed by the regions of negative
anomalies within the 1limits of wuniform morphostructure

cell/elemsats.

Field examined above gravitational (observed on the
€arth®s surface) will agree well with the field of the
anomalies of the force Of gravity obtained from the

observations of artificial Earth satellites (K&6hnlein, 1966) -

Here distinctly are separate/liberated the western (region of

positive anomalias) and east (region of negative anomalies)
parts of the Indian sector of south ocean. In Atlantic
sector to north from 50° south latitude (region of
Argentine basin) western part 1is characterized by negative
anomalies, vhereas east part is separate/liberated by the
positive anomalies of the force of gravity. East antarctica
to 130° east longitude is characterized by positive
anomalies, wvhereas Wilkes Land, Victoria Land, and almost
entiresall Western antarctica are noted by negative

anomalles.

y ‘ .
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The examined anomalous regions occupy vast spaces of
the earth's surface and are not connected with the basic
cell/elements of the relief of the earth®s surface both in
the sense Of location of these anomalies and in their
intensity. The ancmalous regions of one sign lie down
independently to sections both from of the continental and
with the oceanic type earth's crust. Consequently, these
anomalies do not depend on the structure of the earth's
crust. Plausible explamation for this, obviously, is
assumption (Magnitskiy, 1965), that the scurces of these
disturbances of gravitational field lie/rest on considerable
depths at the mantle of the Earth. This does not
contradict the contemporary concepts about the structure of
crust and mantle of the Earth and confirms the vastness of

ancmalous regions.

Basic features of anomalous gravitational field are
confirmed by the map/charts of the heights of geoid. At
Fresent according to the observed data of the orbits of
artificial Earth satellites by different authors are
comprised the map/charts of the excesses c¢f geoid relative

to ellipsoid. Examine/considered by wus the region of the
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south ocean and antarctic 1is separate/liberated (Gaposchkin,
1966) by the intense positive (t0 +45 =) and negative (to
-65 m) excesses of geoid. So, east antarctica (besides
Wilkes and Victoria Lands), the western part of the Indian
sector, the east part of the Atlantic sector of south

ccean are characterized by the positive heights of geoid.
The Western antarctica, Wilkes Land, Victoria Land, and also
the east part of the Indian sector ot scuth ocean have

negative heights.
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Fig. 17. Dependence of anomalies in free air on depths
tottom of Indian sector of south ocean. Compiled by P.

Stroyev

a) the wvestern part: H = 3000 + 4000 w™: ag - +15 mgal;
H = 4000+ 5000 ™; A = +10 i,
H = 5000+ 6000 M: Bd = +10 o il

average 4j - +12 mj&\)

b) the east part: | = 300044000 m: A = O mes
H = 4000 ¢ 5000 ™; ag = =101
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Page 68.

The excesses of geoid relative to ellipsoid as the
ancmaly of the force of gravity can Le interpreted frce
the vievpoint of the deep structure of the earth's crust

and wupper mantle. The waves of the surface of geoid are h

divided into the waves of the first, seccnd and third
orders. Largest, the first and seccnd order of the wave of

geoid are caused by the horizontal density heterogeneities

of upper mantle, which cover enormous areas. Consequently,
the density of the substance of the upper mantle of

regions with positive anomalies and pcsitive excesses of

geoid 1is somewhat above, rather than the density of the
mantle of regions with negative anomalies and negative
excesses of geoide A difference in the densities can reach
0. 04-0.05 g/cm3. The depth of penetration of the anomalous
density substance of wupper mantle in the south ocean and

k ' the antarctic, probably reaches several hundreds of

kilometers. On this, testifies the field of the anomalies

of the force of gravity calculated according to the

!
4
% cbservations of artificial Earth satellites for heights 1000
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and 10000 km. The regions of negative and positive

anomalies are retained at high altitudes, it 1is 1logical,
decreasing in intensity. This confirms the considerable depth
of occurrence and the vastness of the ancmaly-forming

BaSsese.

There is information about the fact that 1in regions
with the positive anomalies of the force of gravity the
heat flux is somewhat lowvered/reduced as compared with
average world values, while in regions with negative gravity
anomalies are observed the increased values of heat flux
(Girdler, 1966). Is planned correlation between the
gravitational field and the depths of focus of earthquakes.
Regions of positive gravity anomalies are Characterized by a
deep seismicity (South-Antilles arc, the western outskirts of
south America, African-antarctic elevation), while regions
vith negative gravitational field are characterized by
shallow-focus earthquakes (Australo-Antarctic elevation,
Southern-Pacific Ocean spine/ridge). Are reveal/detected the

differences also in the distribution of volcanisa.

Are observed finally the differences also in the
character of the magnetic field of the Southern Hemisphere.

Figures 18 gives the wmap/chart of world wmagnetic (AZ)

P
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anomalies (Kropachev, Kolesova, positive

magnetic anomalies

the Indian Atlantic

antarctica, negative

magnetic anomalies

Australia, Victoria

Consequently, positive magnetic

anomalies completely correspcnd positive

anomalies, contrary,

negative magnetic anomalies correspcnd

negative anomalies.
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Fig. 18. Field of world magnetic anomalies AZ (hundred of

gasmas) (per Ye. Pa Kropachev and Ve 1« Kolesovaes 1967) .

Page 69.

Some researchers (Girdler, 1966) try to explain all
differences in the propecties of upper mantle pointed out
above by the character of the convection currents. So, in
regions with positive gravity anomalies and the
lovered/reduced heat fluxes 1s assumed the existence of the

descending (omitting) convection currents in wmantle. Hence
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and the large depth of focus of earthquakes. Regions with
the negative gravimetric anomalies, increased by heat fluxes
and shallow-focus earthquakes are joined with the ascending

convection currents of the substance ot @wmantle.

However, is possible another explanaticn of these
differences. Specifically, the different intensity of the
process of the differentiation of the sutstance of  upper
mantle in the western and east parts of the 1Indian sector
of south ocean, in Western and east antarctica can to
satisfactorily explain the observed special
feature/peculiarities in the distribution of the physical
fields of the Earth. The process of zone melting, possibly,
is one of the basic in the mechanism of the

differentiation of the substance of wupper mantle (Vinogradov,

1966; Belousove 1968).
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Page 70.

Chapter IV,

THE THICKNESS AND SOME LINES OF THE STRUCTURE OF THE
EARTH®*S CRUST IN THE SOUTH OCEAN AND THE CIRCUMLITTORAL

ZONE OF ANTARCTICA.

Methods of the study of power/thickness and structure of

the earth's crust 1in the antarctice

It is possiole to consider at present as established
the fact that the thickness of the Earth's crust varies
frem 5 to 70 km and 1t 1is divided 1into two basic types
- continental and oceanic. These types of crust sharply are
distinguished by structure and history of development. For
the continental type of the earth's crust, are
characteristic 1its high thickness (from 30 to 70),

three-layered composition (precipitation, the "granite"™ and
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"basalt" complexes), large variability of the i
relationship/ratios of the thicknesses of layers and entire
thickness of crust. The oceanic type of crust differs from
the continental in the fact that it has smaller thickness
(from 5 to 15 km), 1is cosmpletely excess "granite™ layer
and consists, besides precipitation and the metamorphized and
t volcanogenic rock/species of 1low power/thickness (the
so-called second oceanic or supra-tasaltic layer), only of
one layer, according to the geophysical indices of <close to !

“hasalt",

; : Under the earth's crust lie/rests the shell or the
mantle of the Earth which is divided intc two layers -

upper and lower mantle.

RGPy | =% A e

Thickness of the Earth®s crust, as is known, it is

W g

now determined by the wmethod of deep seismic sounding

(6s2), on the basis of data of seismology or by the
indirect methods, based on the empirical relationship/ratios
between the thickness of <crust and the relief of its upper
boundary or Dbetween the thickness of crust and the

anomalies of the force of gravity in the reduction of

Bouguer.
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The general idea of the thickness of the Earth's crust
of antarctica gives the analysis of the dispersion of

channel waves P, and L4 -

The analysis there of the earthquakes, wvwhich intersect
continent 1in different directions, makes it possible to make
the conclusion that for antarctica is characteristic of
continental type <crust, and for the which surrounds

continent ocean - an oceanic crust.

Deep Seismic sounding in antarctica was not conducted;
therefore judgment about the structure of the earth's crust
of ccntinent remains to be make only on the basis of
indirect methods. To the same 1is related the approximate
computation of the thickness of crust according to Bouguer's
anomalies, The recalculation of npmean anomalies into the
depths of Moho surface can be <carried out wunder some
assumptions about the average densities of crust and mantle.
However, difference in the real density of crust and mantle
from the taken average densities, the deviation of some
units of the earth's crust from position of equilibrium and
other factors decrease to a considerable extent the accuracy

cf obtaining depths of up to Mohorovicic's boundary. With

the other method of the indirect determination of
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thicknesses of the Earth®s crust, are utilized their

representations in relief.

Page 71.

Both methods are based on the sgstatistical
relationship/ratios, obtained for the thicknesses of crust,
cn one hand, and the anomalies of Bouguer or heights of
external relief - on the other hande For antarctica in
view of the absence of the determinations of the
thicknesses of <crust by method of GSZ these
relationship/ratios it 1is necessary to extrapolate from other
regions. Such relationship/ratios for antarctica were obtained
by Geo Woollard, A. I. Frolov et al. The results, obtained
from these formulas, give approximately identical values. The
error in determination of the thickness of the Earth's
crVUst of antarctica and adjacent to it part Of o>cean was
evaluvated at #3 — 5 km (systems, etc., 1967). For the
south ocean of such relationship/ratios, until now, it was

not constructed.

8y the at present international union of geodesy and

W physicists is prepared for press/printing the map/chart of

‘wlimf of noho surface. during the utilization of
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gravimetric data and relief, i

procedure oOf the determination

surface (JUGG, 1967).

The depth of the Moho

the
{H)
Radius

is determined from

Mchorovicic's depth and th

anomalies (Agg- of the

100 kma This dependence linear

where A - Moho surf

B - the coefficient, whic

the anomalies in points x and

Moho surface):; in other words

gradient of the force of grav

experimentally for regions vwher

force of gravity and depth of

Bép(x) - Ban(y)
8= xR

K is the coefficient, whi
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also is determined experimentally for regicns where there is

anomaly of the force of gravity and depth of Mohd surface.

For values Adp within limits #200 mgal and respectively
for the depths of Moho surface from 20 to 60 km of
constant value are determined the following: A = 33; K =

1; B = 10; € = $10 km and formula (1) takes the form:

: Ag
"'33-.“)1*10. “’)

Page 72.

This to formula gives the approximate values of the

depth of Moho surface and it 1is recommended for

application/use only for regions where there is no GSZ. For

regions where there is data of GSZ, formula (1) is
determined experimentally. In these cases for this region,
are determined the values of «coefficient <¢f A and the
resulting coefficient KB. Error C in these cases 1is
determined also experimentally and, as a rule, lie/rests

within 1limits +(2-4) kn.

For regions wvhere A4y Aare nmore than ¢200 mgal, i.e.,
for oceanic type crust or for high-mountain regions, a

value constant A and B they remain the same as and for

a

e A o
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"normal" continental crust, i.e., A = 33, B = 10, but
coefficient K 1is increased to 2 and wmore. Formula (1)
loses stability and only very roughly characterizes thickness

of the Earth"s crust.

In those regions where not the gravimetric measurements
wvhere were not conducted the seismic soundings and there
are no seismolojical data, for determining the depth of
Boho surface it is possible to utilize a dependence between
the depth of the surface of the earth's crust and area
relief. Specifically, is proposed R. M., Demenitskaya's

formula:

H = 33¢h(0,38 Ah - 0,18) + 38, (8)

vhere H 1is thickness of ¢the earth's crust, km; Ah -
height from sea 1level, km (on dry 1land bas positive value,

at sea - negative).

However, formula (3) very approximate, the accuracy of
the determination of the depth of the Moho surface or
thickness of the Earth®s crust in this case is much lower,
rather than on the gravimetric and facts it is more
according to seismic data. Whole the fact 1is that

dependence (3) assumes the presence of general/universal

————
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isostatic compensation, while real deviation from the

condition of equilibrium can be very considerable. So, for
island arcs and abyssal trenches are «characteristic intense
positive and negative (more than #1700 mgal) isostatic 3

anomalies (Gaynanov, etce., 1969), which in recalculation for

considered in the averaged anomalies in free air, which are

clcse to isostatice.

o e A i e w*'w-\m-zﬂ - 1

earth®s crust gives power/thickness 10 km and more.

with the use of the dependence Letween the depth of
surface and the anomalies of the force of gravity,

deviation from isostasy to a certain degree is

Dependence between the depth of the Moho surface and the

ancmalies of the force of gravity and some special

feature/peculiarities of <crust and wmantle in the sd>uth ocean

and the antarctica.

Using the available of author gravimetric and seismic

materials for the region of south ocean and the 1limb zone

antarctica being investigated are constructed the

dependences of the depth of Moho surface (H, km) on
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averaged anomalies of the force of gravity in the reduction
of Bouguer (Sis ). Averaging 1is carried out on squares 167

x 167 km. Results are represented in Fig. 19.
Page 73.

In the range of anomalies #100 mgal, there is eight
points VWith the depth of Moho surface, obtained from
industrial and atomic explosions (Africar. Australia, New
Zealand) and from data of deep seismic sounding (Strait of
Magellan, Lord Howe Rise in the Fiji Sea). The obtained

for them dependence linear is expressed Lty the formula:

H = 31,5-0,09 A—‘s- (4)

This formula agrees closely wlth formula (1). The mean square
deviation im determining the depth of the Mokhorovichich surface
from formula (1) from a compariscn with the eight actual points
indicated above turned out to be equal to +2.8 km. Consequently,
formula (1) can be employed with confidence for the coastal zone of
Antarctica and the outskirts of the continents in the Southern

Ocean.

For crusts of the oceanic type, according to data of GSZ (31
points) conducted on water areas of the Atlantic, Indian, and

Pacific sections of the Southern Ocean the following relation is




R et T e S e

b B3 L gl A i i Al A S 3 0 et

DOC = 78008704 PAGE+e  \3)

obtained:

H = 82-0,057A4- (5)

This formula will agree well with the dependences,
brought out by other previously authors and by us and 7
taken for the calculation of power of crust (Gladun, etc., &
1963, 1964; Grushinskiy, 1961; Stroyev, etc., 1967; Frolov,
1965 and others).

However, dependence for oceanic crust (5) will not
agree with formula (4) for a continental crust in the i
region of transition from one type of crust to another, in
other words in the range of anomalies from +150 to +250

mgal. This and it is logical, since in transition zones

Mt s it

the earth's crust has complex structure, here are observed

considerable deviations from isostasy.
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Research on seismic cut/sections 1in transition zones it

shoved that sharp thickening of crust correspond of
sufficient to narrow zone continental slope and parctly

shelf. In the region of <continental crust, appears 'granite"
layer. Because of thickening ™granite™ and "basalt"™ layers
occurs an increase in the thickness of «crust on continent.
The earth®s crust of transition zones 1is presented by the
series of  units vwith the different depths of the boundaries
cf consolidated crust, Conrad and Mohorovicic and different
physical properties (rate, densities) on these boundaries.

Transition from one unit to the next is accompanied by an

abrupt change in the cut/section of the e€earth*s crust. 1In
connection with the block-like nature of crust scarcely
vhether it 1is possible to assume that the Moho surface
during transition from ocean to continent remains
“continuous"” and simply it is immersed under continent. The
toundaries of units pass along faults. The presence Of ice
load on antarctic continent and its repeated change even
sore contributed to the breaking up of the earth's crust

in the circumlittoral zone of antarctic platfora. This same

thing is attested to by considerable isostatic anomalies in

the limb zone of Antarctica (systems, Frolov, 1969).
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Pig. 19. Dependence between depth of MNoho surface and

Bouguer®s anomalies for south ocean and antarctic. Compiled
ty Pes A. Stroyev 1 - rift 2zones of Indian Ocean; 2 -
the Atlantic sector of south ocean; 3 - Scotia Sea and
Drake Passage; U4 - the Indian sector of south ocean; S5 -
the Pacific Ocean sector of south ocean; 6 - 1land (Africa,

Australia, New Zealand, south America).

Page 75.
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Break of regression lines in Fige. 19 at the values of
Bouguer®s anomalies ¥ +200 mgal reaches in the thickness
of the Earth?s crust of value of approximately 7 km. In
order to avoid this during the ccnstruction of the
map/chart of Mohorovicic's isodepths according to gravimetric
data, I determined dependence with gquadratic member according
to all data ({eliminating the case of rift =zones). As a

result is obtained the formula:

Putting to use this formula, we determined the depth of
Moho surface in the range of anomalies from +100 to +250

mgal.

As is known, on the dispersion of pcints relative to
regression lines it is possible to evaluate the error in
determination of the depth of Moho surface from the
formulas pointed out above, Por formula (4) we have «¢,=11.2
km, for formula (5) ¢y =228 km. Estimation, carried out
on several control points, gave error -} =225 km. Thus,
putting to wuse formulas (4), (5), (6), wve we obtain the
depth of Moho surface according to gravimetric data with

the root-mean-square error ty"t2+3 ke
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Analyzing Fig. 19, one should focus attention on
special feature/peculiarities. First of all this
relationship/ratio between thickness of the EBarth®?s crust
the anomalies of the force of gravity for rift zones

Indian Ocean. It 1is expressed by the formula:

H -IL&O&MSHV (7)

This dependence differs significantly from all other

communication/connections. This indicates tc completely

FPurther one should focus attention on the points,

pertaining to Atlantic Ocean. This is almost continuous

sufficiently far apart (100 km and more than). As is
evident in Fige. 19, these points are separate/liberated

the group, which 1lies aside from the points of Indian

3 and wupper mantle under the bottom of Atlantic Ocean.

Earlier by us (Stroyev, Gaynanov, 1965) were comprised

different, the peculiar type of the earth®s crust, sharply

different from the crust of oceanic and continental tyrpes.

profile of GSZ, carried out in Argentine basin from the
Mid-Atlantic spine/ridge to the continental slope of south

America. For the comparison it 1is selected of 12 points,

Pacific Oceans. This fact characterizes the regional special

1 feature/peculiarities of the structure of the earth®*s crust
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graph/diagrams of the dependence of anomalies in free air
and Bouguer on the depths of the bottom of 1Indian, Pacific
and Atlantic Oceans. For one and the same intervals of
depths, the scatter of the anomalies of the gravitational |
force for Atlantic Ocean proved to be more than for calm
and JIndian.

Page 76.
It is possible, these differences are <caused by the larger
heterogeneity of the substance of the earth's crust and
upper mantle in the region of Atlantic Ocean in comparison
with Pacific and 1Indian Oceans. Variations in the rates of é
longitudinal seismic Waves on the Mohc surface in Atlantic
and Pacific Oceans ({Gurariy, Solovyev, 1963) show that,
probably the wupper 1layers of mantle are 1less uniform in
density near Atlantic Ocean, rather than wunder Pacific.

Finally, 1let us note that tvwo points of

seismic-refraction sounding at Scotia Sea and at Drake
Passage (for wvhich there are the corresponding values of
the anomalies of the force of gravity) they 1lie/rest at
the group of the points of the Pacific and Indian Oceans
and far are 1located from the grougp of the points of

eI ——
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Atlantic oceane Although the statistician and insuff icients
one ought not tO count that scotia Sea and Drake passage
are chatacterized by the special structurce of the earth's

~ crust and upper mantle, rather than other jeep-water basins

~ of atlantic oceal?

Povet/thickness and some lines of the structure of the

earth's crust in a south ocea e

on the pasis of the nap/chatt of gouguer's averaged
anomalies bY for mulas (v - (7) vere calculated the depths
of the bottod of the earth's crust. The accuracy ©f the
detet-ination of nohorovicic's boundary is eostimated 2-3 km3
therefore the lines of the equal values of jts Adepths Ve
have carried out through 5 kme The map/chart of the depths
of Moho sucface is :epresented in Fige- 26, and 22«
ynlike ptviously published mapse this map/cha:t is
constructed not on the basis of the prohabilistic
dependence. constructed according to the formula of
plane-patnllol layer with the ptedicted difference in the
densities so ® 0.4-0.5 g/cm? and conditionally taken

absolute term H 7 33 kmy put on the pasis of actual
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Page 77.

B . o Lt o et

Pig. 20. HNap/chart of depths of MNoho sucrface of Indian

sector. Compiled by P. A. Stroyeve 1 - the points of deep
seismic soundings and depth of the boundary of Mohorovicic,
km; 2 - 1line of the equal depths of Mohorovicic's

boundary; 3 - points with the depths of Mohorovicic's
boundary; 4 - the same, for rift 2zone o¢f the
Australo-Antarctic elevation; 5 -~ zone of median

spine/ridges.

Key: (V1) Indjamn Ocean. (2). Antarctica.

-
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Pigo 21. Hap/chart of depths of Moho surface of Pacific

Ocean sector. Compiled by P. Ao Stroyeve The conventional
desigmations see in Pig. 20.

Key: (1. Australia. (2). South Aserica. (3). Pacific Ocean. ;

(4). Antarctica.
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Page 79. |

e el i

e

Pig. 22. mMap/chart depth of Moho surface of the Atlantic

vector. Compiled by P. A. Stroyev. The conventional

designations see in Fig. 20. ;
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Key: (1)« South America. (2). Atlantic Ocean. (3).

Antarctica.

Page 80.

Here appear typical rocks of "granite" layer with the speed
of longitudinal wvaves 5.8 km/s. The depth of the Moho

surface grow/rises to 20-25 knme

In continental shelf of south America, the
power/thickness of precipitation is 6-7 km. In Strait of
Magellan it reaches 9 km. The depth of Moho surface in
Strait is determined 30 and 35 km of the northern and
south ends of the profile by length 200 km (Ludvig a.o.

1965) .

In the deep-wvater part of the Agulhas Basin with the
depths of the ocean floor more than 5000 m» |is
reveal/detected sedimentary layer by power/thickness 300-600
me According to gravimetric data the thickness of crust is

here 4-6 km. One should assume that this of the

.
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rock/species oOf the basement of oceanic crust. The depth of
Moho surface in the Cape Basin is 10-12 ka. In region of
the continental slope of African continent, the thickness of
crust sharply is increased, and narrower in coast it is

30-35 kn.

The NMid-Atlantic spine/ridge clearly is contoured by
isomoho 1lines of 15 km. In region of ¢the islands of
Tristan da Cunhathe thickness of crust grow/rises to 20 knm,
wvhile in region of Bouvet o0€eya - to 25 km. Narro¥ rift
Zone of wedian spine/ridge has, on our interpretation, a

thickness of crust tc 13-15 kn.

M. Talwvani, J. Heezen and M. Worzel are given three
hypothetical cut/sections of crust and mantle in the center
section of the Mid-Atlantic spine/ridqge, which can be
Visualized, interpreting gravitational and seismic data
(Talvani ae.o., 1965). They all proceed from the presence of
the layer of 1low density mantle with a velocity of 7.5
km/s and density 3.15-3.20 g/cm3. Nevertheless the analysis
of the complex of different dJeophysical data for 31etermining
the structure of crust under median spine/ridges showed that
in general the data agree vell among themselves. However,

in certain cases they are found in contradiction that
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impedes their interpretation and raises its ambiguity.

Since for the median ridge of the south Atlantic there
are no seisamic data, explanation c¢f the structure of the
earth®s crust of this part of rift zone 1is hinder/hampered.
Therefore we is interpreted a decrease 1in Bouguer®s
anomalies under an entire structure of gpedian spine/ridge by
an increase in the thickness of the Earth's crust under
spine/ridge to 18~-20 km. The further 1investigations of the
structure of crust and mantle in the south Atlantic will
make it possible to give the more precise interpretation of
the anomalies of the dgravitational force. The Rio Grande
elevation 1is «characterized by an increase in the thickness

of the Earth®s crust to 19 knm.

Special attention deserves area of Scotia Sea. This
deep-vater basin is limited from the north, the east and
the south of South-Antilles spine/ridge. In west through
deep-vater Drake Passage, the sea depression is connected
with the Pacific Ocean. The complex of underwvater ridges,
islands and trenches is called the Scotia Arc and connects

ierra del Puego with antarctic Peninsula.

Page 81.
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The second profile, carried out into 1959 1is stretched
from Argentine basin, intersects island arc of South Georgia
Island and departs to the southeast to 579 south latitude.
Oon this profile the total thickness of <crust is not
investigated. Under island arc and especially under abyssal
basin 1is reveal/detected continental type «crust. It consists
of layers with a velocity of 2.0; 4.0 and 5.6 ka/s. To
the southeast from South Georgia iS reveal/detected the
laminated crust whose 1lower 1layer has a rate 7.6 ka/s.
Upper crystal 1layer has also 1lowered/reduced rates, vhich

vary from 5.7 to 6.3 km/s.

In 1962 was carried out the profile from South Orkney
Islands to South Georgia Islands. Along this profile with
the depths of sea more than 2 km of the rate of the
crystalline rocks vary from 5.7 to 6.2 ks/s, vwhich
coincides with data of the cut/section between Birdwood Bank
and sSouth Georgia. This Speed range indicates, probably to
the presence in the east part of Scotia Sea granite layer.
It is very interesting that at the northern end of the
profile where the depths of sea conpose 3 km, the rates

in crust it is above, and at depth 8 km |is
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reveal/detected Mohorovicic's boundary with normal mantle rate

8.0 kam/s. Cut/section has the normal oceanic crust, similar

as that, that is reveal/detected in the western part of

the Scotia Sea and in the Drake Passage. In the south

rart of the profile where the dJdepths of sSea also exceed 3
ke, the picture 1is different. Here the cut/section of crust
sore reminds the cut/section of abyssal trench - at depth
11 km, the boundary of crust has a rate 7.6 km/s. At the 1
intersection of island arc of South Orkney 1Islands, the
crust is characterized by block structure; units have

abrupt/steep, almost vertical contacts.
Page 82.

Seismic profile in the Bransfield Strait south of the

South Shetland Islands also showed block-like nature and the
complex tectonics of the cut/section of the earth's cruste.
Crust consists of sedimentary layer by power/thickness

1¢5-2.5 km, in some places are encountered the lens of the
consolidated precipitation and volcanic rock by

pover/thickness to 3-5 ks« Will 1lie below the metamorphic
and igneous rocks with a velocity of U445; 5.0 and 5.5 km/s.
Even is located below layer with a velocity of 5.9-6.0

km/s, close to the granite 1layer of continental crust. On
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cut/section to the south from King George (Waterloo) at
depth 5 ka 1is reveal/detected layer with a velocity of 7.1
km/s, 1i.e., the layer of the intermediate rocks of the
earth®s crust and wupper mantle. Thus, the crust of the
Bransfield Strait has layers at velocities, typical for a
continental crust, and power/thicknesses, typical for an
oceanic crust. It 1is r[possible to assuse that this region

is the part of the zone of transition between oceanic and

continental structurese.

Thus, seismiC investigations revealed the normal type of
the earth's crust in the western and northern parts of the
Scotia Sea and in the Drake Passage. In the east part of
Scotia Sea is reveal/detected laminated crust with wunusually
a low series of seismic velocities, vwhich 1is joined with
the presence of granite layer. On this basis/base is
presented the hypothesis that the east part of Scotia Sea
-~ these are the relict of the wmore ancient 1island arc,
vhich existed to the south from South Georgia and western
existing now active arc of South Sandwich Islands. On the
spine/ridges of arc to the east from South Orkney Islands
and betwveen Birdvood Bank and South Georgia and in abyssal
trenches is revealy/detected continental and subcontinental

type three-layered crust. Ccntinental type crust is revealed
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the Scotia Sea the crust oceanic, Moho surface 1is located
on depth 9-15 kme Islands and undervater ridges are
characterized by an increase in the thickness of the

Farth®s crust to 20-25 km, moreover this thickness of the
Barth®*s Crust 1s 1nherent in all islands of arc Vithout
exception/elimination., Birdwood Bank, the Falkland Islands,
Tierra del Fuego, and Graham Land have typically continental

crust as power/thickness 25-30 kn.

The deep-water basins of the 1Indian sector of south
ocean have normal ¢type oceanic crust both according to the

thickness of layers and on the rates of seismic wvaves in

thenm.

Fage 83.

The seismic profiles, carried out -in the Agulhas, Crozet,
Western Australian and Southern-Australian Basins, it gave
sisilar cut/sections. Under thickness of water 4=-5 km will
lie 1low pover/thickness the precipitation at a rate of
2.5-3.5 ka/s. Further go “superbasalt™ layer by
power/thickness 1.5-2.0 km ( (gr_ = 5.0-6.2 kms/s) and
"basalt" layer by power/thickness 3-5 km ( (V¢ = 6.8

ka/s)e The depth of Moho surface with nocrmal-santle rates
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(8.0-8.2 km/s) 1is recorded in Agulhas Basin at depth 11.5
km, in Crozet Basin - at depth 9-11 km, in Western
Australian basin - 10-12 km and in Southern-Australian -

11.5 knm.

According to the character of gravitational field in
the African-Antarctic and Australo-Antarctic basins, the
earth®s crust has analogous structure. The depth of the
base of crust in the African-antarctic basin is equal to

8-11 km, in the Australo-Antarctic basin - 12-15 kn.

Underwater elevations have considerable thickening of
crust. So, near the Agulhas Bank and Plateau to the south
from African continent the depth c¢f the Moho surface is
omitted on 16-18 km; on the Crozet Plateau the thickness

of the Earth®s crust 1is 14 knm.

Maximum thickening of crust 1is in the center of the
Indian sector of ocean. It corresponds to the Kerguelen
Ridge« On 1Iles de Kergquelen thickness of the Earth's crust
is increased to 25 km, on Heard Is. - to 22 kme The
zone of the thickening of crust, following the
configUrations of spine/ridge Kerquelen. it is stretched in

the southeast direction where it is clamped with the

R ik i
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rrojection of the earth®s crust in region of Pravda Coast
and in the form of the considerable thickening of the

earth®s crust departs to south to the Gamburtsev MNts. It

is necessary to assume that the spine/ridge of Kerguelen

has continental type of the sStructufe of the earth's crust.

one should also set/assume that this structure of the

the Bast-Antarctic platforme On surface it will bear on
itself «circuits of the Gamburtsev and Golitsyn MNts.,
underwater ridge Kerguelen. If these reasonings are valid,
then on princess Elizabeth Land betveen 80 and 90° east

longitude one should expect the under-ice mountains, vwhich

km) are noted underwvater ridge Western-Indian, East-Indian,

Western Australian and Australo-Antarctic wuplift/rise.

ridges of Indian Ocean, it 1is possible to say followving.

not reveal/detect anomalously upper mantle with the

lovered/reduced rates of longitudinal waves., 1t 1is possible,

this the result of the used procedure (distance betveen

earth®*s crust is the ancient mountainous region, which cuts

connect the Gamburtsev Mountains with the Golitsyn Mountains.

By the greatest thickening of the earth®s crust (to 15

On the structure or the earth®'s crust under the w®wedian

Under the Arabian-Indian spine/ridge American researchers did

P
TP ETRERN
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seismic stations was about 300 km). As a result of
investigations, Soviet geophysicists reveal/detected in
rift zone of the Arabian-Indian spine/ridge at depth

of sea level layer with speed 1longitudinal there 7.0

Page 84,

i — Y

selismic

t he

7.5 ka

km/s.

Under the Western-Indian spine/ridge the satisfactory

agreement of the observed 1lovered/reduced anomalies of

force of gravity in the reduction of Bouguer with those

vho were calculated 1is possible with two versions of

structure of crust and mantle (Pig. 23): 1) at the

density of wupper mantle under the ridge c¢f spine/ridge

according to gravimetric data it must be root in the
earth®s crust wvhere the depth of MOhOrovicic®s boundar
sinks to 12-14 km; 2) at the anomalously 1low density

upper mantle under spine/ridge thickness of the Earth®

the

the

normal

Yy
of

S

crust decreases. The powver/thickness of ancmalous mantle

depends on the degree oOf thinnings If a decrease in

the

densitY in anomalous mantle reaches 0.2 g/cm®, then lover

boundary of anomalous wmantle wunder the Western-Indian

spine/ridge, probably iS arrange/located at depths 18-20 «kn.

Analogous interpretation wvwe have given also for rift
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zone of the Australo-Antarctic elevation. There you gave the
depths of Mohorovicic®s boundary in two versions: a) at the
normal density of the upper mantle of Mohorovicic's depth
are calculated by formula (6); b) with the anomalous mantle
of Mchorovicic's depth are calculated ¢ty formula (7).
Ambiguous results are also for a Western Australian
spine/ridge. Soviet seismic investigations showed on
spine/ridge typically oceanic crust with the depth of Moho
surface 10 km. American work showed here subcontinental type
seismic cut/section with ¢the depth of Moho surface of

approXximately 22 Kkne

Therefore by us for the Western-Australian spine/ridge
and the region of the articulation of the east-IRdian and
Western Australian spine/ridges the interpretation of the
anomalies of the force of gravity is carried out also for
tvo versions of the structure of the earth®'s crust and
upper mantle ({see Pige. 23): 1) if is confirmed the
cut/section of ¢the earth's crust, obtained by American
researchers, then it is possible to assume that this region
has the subcontinental type of crust as power/thickness
18-22 km and wvith normal upper wmantle; 2) but if the
earth®s crust in this region has power/thickness on the

order of 10-12 km, then for agreement with gravimetric data
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it is necessary to assume the presence under this region
of the unpacked upper wmantle. Depending on the dejree of
reduction of the density, 1lower boundary of anomalous

mantle, probably is 1located on depths 26-34 ka.

During approach/approximation to the «continents of Africa

and Australia in the region of continental slope, the
thickness of the Earth®s crust sharply grow/rises from 15

to 30 km of shore and to 35 km of shore and t3 35 km |

into the depth of continent.

The Pacific Ocean sector of south ocean in seismic
sense barely studied. Theretore about the structure of the

earth®s crust, here it is possible to speak only very

approximately.

Oceanic fine/thin crust with the depth of Mohd> surface
8-12 km is noted in deep Bellingshausen, South, and Tasman

Basins.

The southern-Pacific Ocean and Eastern Pacific Ocean
elevations are <characterized by the thickening of ¢the

earth®s crust and by the depth of its bottom to 18-20C kn.
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Fig. 23. Cut/section of earth's crust along profile o.
Madagascar-Australia according to seismic and gravimetric data
{per Gainanov, etc., 1969) 1 - unconsclidated upsets; 2 -
condensed upsets; 3 - supra-basaltic layer; U4 - granite
layer; 5 - Dbasalt layer; 6 - rock/species of anomalous
mantle with the lowered/reduced density; 7 - Mohorovicic's

boundary; 8 - density, g/cm2; 9 - seismic points; numeral

in columns - boundary rates of 1lopngitudinal waves, km/s.
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Page 86.
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Pover/thickness and some features c¢f the structure of the

earth®s crust in transition zone of antarctica.

In the limb 2zone of antarctica in region of Queen

T

Maud Land the thickness of the Earth®s crust from south to
north at a distance 800-1000 km changes on 34 km (from 10
to 44 km). The total change ot the depth of the base of
the earth®s crust in region is 36 m on 1 km. However, on
Some sections this change is different. In region of

Lazarev Ice Shelt the gradient of a change in the depth

of Moho surface composes 36 wm/km, of Roi Baudouin Sta. -

65 wn/km, in Luetzow-Holm Bay and on Prince Olav Coast -
140 =m/km, moreover from intracontinental plateau to the
outer boundary of w=mountain range thickness of the FEarth's
crust 1is Changed smoothly approximately from 44 to 35 Kkme
On the boundary of wmountain ridge/range and foothill glacier
rlain and in shelf zone on Princess Ragnhild Coast the

Moho surface sharply is risen from 36 to 24 km. In the
zone of the continental shelf the depth of the crust

trough decreases to 17-18 km. The depression of the

Riiser-Larsen Sea, 1is characterized by the depth of

e it e
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Mohorovicic®s boundary 10-14 km, i.e., the thickness of
crust here is 7-10 km. In region of the African-Antarctic
platform the depth of Mohorovicic®s boundary - about 8-10

km, and the thickness of crust is about S ka.

In region of Wohlthat nmountain mass, thickness of the
Farth*s crust composes more than 40 km, while in the shelf
zone between Lazarev and Novolazarevskaya Stations decreases
to 30-28 kme To underwater elevation to north from Lazarev
Ice Shelf corresponds the thickening of the earth®s crust

and its smooth change.

In region of the Riiser-Larsen Peninsula and Gunnerus
Ridge is observed the thickening of ¢the earth's crust. To
the east and vwest from Gunnerus Ridge the Moho surface
steeply is risen of depths 24-25 km under spine/ridge to
15-17 km under the basin/depressions of Cosmonaut Sea and

Riiser-Larsen Sea.

Attention is drawn to two meridional thickenings of the
earth®s crust, not noted in the relief of the bottom of
sea: one 1in the center of Riiser-Larsen Sea to the

northeast from Roi Baudouin Sta., another at Cosmonaut Sea

to the northeast from Showa Sta.
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The earth®s crust on these sections is thickened on 4-5 knm
in comparison with the adjacent basin/depressions of seas,
although the depths of sea in no way are changed (Stroyev,
Frolov, 1969). One should assume that these are the roots
of the ancient buried folding, analogous to Gunnerus Ridge
and the Maud Rise, which is stretched in parallel to these
by structures and cut off by the repeated onsets of
mainland glacier. The absence of 1irncreases 1in the relief of
the sea bottom in the place of the thickening of the
earth®s crust testifies from the isostatic 1lack of balance

of these sections.

On Prince 0Olav Coast to coastal 1line corresponds the
isoline 30 km. Northern than the shore 1line 1in region of
shelf zone and continental slope thickness of the Earthes
crust sharply decreases to 15-18 km, reaching at Cosmonaut
Sea a thickness 10-12 kam. At Showa Station the thickness
of crust is equal to 30-31 km. To the south from
Luetzow-Holm Bay the thickness of «crust is increased very

slowly, reaching 45 km on 73° south latitude.
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In transition =zone of Queen Maud Land we observe a
sharp decrease in the thickness of crust during transition
from continent to ocean. However, on different sections this
change is dissimilar, i.e., 1is observed the different type
cf the articulation of the units c¢f continental and oceanic
crust. In connection with the block-like nature of crust
scarcely whether it 1is possible to assume that the surface
of oceanic layer and wmantle remains ®continuous" and siaply
it is immersed wunder «continent. The Loundaries of  units
pass along faults. The ©fpresence of ice 1lcad and the
action/effect of the forces of isostasy even nmore
contributed to the breaking up of the earth's crust of the
edge of antarctic platform. The zones of relative
uplift/rises and depressions, which are stretched in
submeridional and sublatitudinal directions in the
circumlittoral part of the continent, and are such faults.
Oon these faults occurs the introduction from the depth of
more base material, that also finds its reflection in the
field of gravitational in magnetic anomalies. The
downwarp/trough of crust under mountain masses seemingly had
compensated for in the zone of shelf wvhere the intense

poSitive anomalies indicate the presence of excess masses,
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displaced from under mountainous regions. However, if
cogpensation was realized on entire region without the
faults of «crust, after seizing and shelf zone, then here
could not appear intense positive anomalies. On the
contrary, as in foothill regions, here it would be possible
to expect small negative anomalies. The faults of the
earth®s crust in 1limb zone, especially in the zone of
shelf, are outlined on entire coast of east antarctica
(systems, frolov, 1967). They, apparently and are the signs
of the manifestation of isostatic and anti-isostatic forces.
Glacioisostatic motions, caused by the action/effect of ice
load, together with tectonic motions created a
block-laminated structure of the earth®s crust in transition

zohe Of antarfctic continent.

The average value of isostatic anomalies on Queen Maud
Land is approximately +20 mgal, while that of Bouguer's
anomalies - about +100 mgal. According to the relation of
these values, the compensation for the external masses of
entire region comprises approximately 80o/0«s This value
corresponds well to the common/general/total compensation for

antarctic continent, equal to 850/0 (Stroyev, Frolov, 1969).
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In region of Enderby Land with the amplituile of

heights more than 1500 m the powver/thickness of the
terrestrial core changes so smoothly and 1is insignificant as
usually in the 1low plains sections of coast. The Olderdays,
Scott, Raggat, Tula Mountains and others d0 not haVe the
necessarY for full/total/complete isostatic compensation
increase in the thickness of crust. So. to north of
isoline 30 kme in region of the highest Napier Mts. where
it would be possible to eXpect an increase in the
thickness of crast on 10 km, the 3depth of the suarface of
Mokhorovich remains almost constant or even somewhat it
decreases. The conclusion about absence near wmountains of
Enderby Land of isostatic compensation is confirmed by
isostatic anomalies. In region of Enderby Land, Keap Coast,
and Mac-Robertson Coast are noted the considerable positive
‘ (Erom +40 ¢to +¢60 mgal) isostatic anomalies which are

adapted to wmountain masses. Anomalies 1in free air at

Enderby Land are from +100 to +170 mgal, and regional
+80

anomalies in fr2e air - from to

+100 mgal. To the

s e il
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south from 68° south 1latitude both anomaly of Fay2 and the
isostatic anomalies they decrease. Bouguer's anomalies on
Enderby Land are close to zero; ¢therefore mountain masses

are here distant from isostatic equilibriume

In region »>f Pravda Coast the thickness of the Earth's
crust from south to north at a distance 650-800 km changes
on 32 km (from S50 to 18 km). In this case, from
intracontinental plateau to the outer boundary of shelf
zone, the thickness of the Earth's crust is <chang2d very
smoothly. In the =zone of continental slope by wiith 5-100

km the Moho surface 1is sharply risen from 30 to 18 kn.

Chelyuskints2v Peninsula probably is the result of

changing (increase) the thickness of the Earth's <czrust.

Region of the Bunger and Obruchev oases does not have
the expected increase in the thickness of the Earth's
crust, but on the contrary, the depth of Moh> surface
there decreases. This fact, and also the high value of
isostatic anomalies (+68 mgal) indicate the absence of the

isostatic compensation of region of the Bunger-dbruchev

oa ses,
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To shelf 1ow water to nporth of Shackleton 35lacier in

. Fegion of Pobeda 1Is. corresponds the thickening of the

earth*s crust on 4-6 km in comparison with the crust of
the basins of the Dpavis and Mavson Seas the west and the
i east of this 1low water. In ocean this projection of the
earth®s crust changes its northern direction in the
northvestern and 1is connected with the structure »>€

Kerguelin Ridge. On continent it is connected with ¢the

thickening of crust which from Pravda Coast in wmeridional

direction 1is stretched to Gamburtsev Mts.

On Wilkes Land the thickness of the Earth's crust very
vary smoothly from 40 km on 76° south latitude t> 30 km
on the shore of continent with wuplift of crust on 2.5-3.0

km in region of Budd coast. In circumlittoral and shelf

zones the thickness of crust is changed from 30 to 25 km

and decreases to5 20 km on 649 south latitude,

Page 89.

On Victoria Land the earth's crust has typically
mainland charactar. The greatest values of the depths of
the boundary of Mokhorovicic equal to 45-48 km, are noted

in region of trans-Antarctic mountains and east plateau.
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Wide on intermountain basinS on Oates Coast anl on George

V Coast correspdnds a decrease in the thickness of crust

on 4-6 km. During Jjunction from continent to Pacific Ocean
and Ross Sea, the thickness of the Earth's crust decreases
to 25-30 km in the region of shelf and to 16-18 km in
the region of continental slope and beginning of »sasin. A
decrease in the depth ©of Moho surface is noted during
junction from antarctica and to Indian Ocean in rcagion of
Victoria Land (from 30 km in <coast of <continent to 20 knm
in the oceanic region)e In region of the Balleny 1Islands

the thickness of «crust is equal to 22-24 knm. '

It should be noted that the Jjunction from antarctic
platform to oceans in region of Wilkes Land and Victoria
Land occurs sufficiently sharply, Moho surface rapiily is
risen, forming abrupt/steep slopes. In this transition zone
also one should expect the presence of deep faults, to
which testify considerable gravitational gradients in this

part of the edge zone of Antarctica.

In the 1limb zone of Western Antarcticar the gJreatest
submersion depth of the boundary of ¢the earth's crust (40
km) is establish/installed wunder the mountain Ffanges of

Marie Byrd Land (Executive Comnittee, Hal Plood, Eisel
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Ford), in the center section of the antarctic peninsula (35
kmn), and also in Jones Mts., also on Luitpold Coast (32
km). The smallest depth (25-28 km) is noted in the
innermost sections of basin/depression, that is stretched
from Ross Sea to Bellingshausen Sea and further to Weddell
Ssea. So, under the Pilchner Ice Shelf, in the innermost
part of the basin/depression of glacier, the depth of Moho
surface is 25-26 km, in the more elevated part > the
basin/depression of glacier, it grow/rises to 30-31 km. 1In

area of Weddell Sea ¢the thickness of crust is «close to 30
km. On the Ross Ice Shelf the depth of the boundary of
Mohorovicic is 27-28 km, in cregion of Roosevelt Highland

and on Shirase Coast - to 30-31 km.

Generally one should say that transition zone from
antarctic continent to the Pacific Ocean and Atlantic
sectors of south ocean in Western antarctica is studied
mUch VWeaker than a east.

Analyzing the «circuit of the structure of the earth's
crust in the south ocean and the antarctic, it 1is possible
to see that the isolines of the Moho surface <cle2arly
record/fix the basic structural special feature/peculiarities
Of the sStructure of the relief of the bottom of ocean and

coastal zone of antarctic continent.
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The fault of the earth®s crust

the antarctic continente

The results of the analyses

bottom of sea »>f the Circumlittoral

showed that in the shelf =zone
system of abyssal basimns, vhich
miles mainly in sublatitudinal,

submeridional directions.

The at present available data

final juigment about propagation,

of this formation. Investigations

even ¢the shelf 2zone of antarctic

of crust, traced in this zone,

mainland glaciers, and their position

can be establish/installed only by

geophysical

series of the reveal/detect exposed basin/depressions

methods. A

in

\ 9
in a circumlittoral part of
of the morphdldgy of the
Part of antarctica
of the sixth continent is a
stretch to hundreds of
and on some sections and in
still insufficient for
character and the nature
do not <cover <coampletely
continents but many faults
they depart under shelf and
under continental ice
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shelt, traced td> the edge of Shelf glaciers by hydrological
measurements, it proved to be possible to connect according
to the TeSults of geophysical investigations (systals,

frolov, 1967) 1into single system, after showing thair
continuation wunder shelf glaciers an entire periphecy of

east Antarctica from 200 west longitude to 150° east
longitude, i.e., for the extent/elongation more tham 8000 km

(Pig. 2u4).

The most in detail antarctic boundary/edge fault of
crust is investigated and described on section frox the
east edge of Saackleton Ice Shelf (1059 east longitude) to
the western edj® (B0° east longitude) of West J[ce Shelf

(Stroyev et al., 1965).

It turned »>ut that in region of West T[Ice Shelf of
Pravda Coast and Shackleton Ice Shelf follows the trench
vith depths to 1450 m, which 1S decomposition of the
earth®s crust on the periphery of continent. This trench
hag in essence sublatitudinal Strike/course; ho¥eVar on some
sections it is interrupted by submeridional structures
(Uplift/rise of the bottom in the center of West Ice Shelf
the depression »>f the Denman Glacier TOngue). To the east

from 108° east longitude, the vast basin/depression,
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extending from the Shackleton Ice sShelf to Vincennes Bay,
departs under the Bond, Adams and Vanderford Ice Tongues in
the southeast direction. oOn Wilkes's Land under the
Moskovskiy Universitet and Voyeykov Ice sShelves, 1is
reveal/detected anarrow depression with depths more than 1000
m, that wvas lengthened along shore at a distance more than
S00 km. To the south from the wuplift/rises in which are
held the glaciers pointed out above, sStretches vast
basin/depression with depths wmofe than 1000 m. Th2 south
boundary of depression is not establish/installed. DJne should

assume that this depression, being stretched to wast, it is

connected with the wunder-ice basin/depressions, detec-ted on
route Mirnyy-Vostok. In the east this series of
basin/depressions is connected with deep depression (vith
depths more than 1000 nm), 1lengthened along shore »>f Adelie
Land for extent/elongation more thamn 500 km, and wvith the
series of deep basin/depressions to the south of station

Dumont~d*Urville.

The fault of crust in shelf zone, traced from 108 to
800 east longitude, emerges at the western edge of West
Ice Shelf in the form of trench and has south-west
strike/course, i.e., it goes in direction to the east part

of Prydz Bay. The marks of the depths of basin/depressions
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and on 81.3%9 2ast longitude
basin/depression vith encdepth
Page 91.

Of the former edge of

part, its marks reach depths

detachment of the 10th SaAE

extent/elongation 100 km. Was

m of western (in region oOf
noted the large Jjump/drop in
the metric definitions, made
edge ©Of the Am2ry and Polar

data.

Isobath S00 m delineates
Prydz and MacKenzie Bays. In

basin/depression, are planned

km and the boundary of Polar

glacier, showed depths 720-850

22\

of the edge of Western glacier are approximately 1000 g,

is reveal/detected

of approximately 1800 m.

the Amery 1ce shelf, in gast

800 m. In 1964 a marine

(Ledeneve Yevdokimov, }965)

reveal/detected that the edge of glacier was broken off for

displaced approximately on 18

Record Glacier. The

measurements, male on the section, earlier enclosel by

m of east edge evan 400-500
the former Cape Amery). Is

the depths along northern and
into 1956-1957 from the former

Record Glaciers, confirm these

the vast basinsdepression of
the east part of the

tvo branches = northeast in

the direction of the depression, vwhich emerges from under

propae
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the West 1Ice Shelf, and south-west, in direction o°f which
the baSin/depression departs under Amery Glacier. Its
continuation, obViouslY, is Sandefjord Bay. It is possible,
ope of the branching of vast basin/depression pointed out
above stretches under the vestern edge of Amery Glacier.
Howvever, measureaents of 10th SAE, made after truncation of
glacier, in this part of the glacier did not reveal/detect
considerable depths. The marks of the bottom O>f sea there

do not exceed 400-500 nm,

ala
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Fig.e 28. cCircuit of sublatituydinal treacheS of 1liadb =zone of
east antarctica. Compiled by P. A. Stroyev. 1 - shelf
glaciers; 2 - leading-out and intermountain glaciers; 3 -
basin/depression of trench; 4 -~ mark of waximum depths, m;

S - depression of shelf, opened by sonic measurements.

Key: (). FEnderby vLand. (2). Pravda cCoast. (3). Queen NMaud

land. (4). Wilkas Land.

Page 92.

A sharp reluction in the heights of the surface of

mainland glacier from 2000-1500 m of the edge »>f LlLambert

leading-out glacier to 900-200 m on its surface, and the




i
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north from the 72nd parallel to 100-50 m is 1ed to the
conclusion that the bed of Lambert Glacier is 1located below
sea level, i.e., as the river bed of 1leading-out gqlacier
serves daep depression. As confirmation this serves the
considerable speed of 1leading-out glacier. At a distance 300
km and more of the edge of glacier its sSpeed eXceeds 400
m/Year, while at a distance of approximately 100 km, it is
close to 1000 a/year. In this respect Lambert Glacier |is
not the exception/elimination: deep basin/depressions fronm

1000 to 1400 m are reveal/detected under all investigated
geophysicists by the 1leading-out glaciers of antarctica, as

for instance, D2nman, Mertz, Ninnis Glaciers, etc.

P. S. Voronov assumes that wunder Lambert and Amery
Glaciers is arrange/located the grabenlike depression,
possibly, stretching from Prydz Bay to south pole or
perhaps that intersects entire continent. By works 9th SAE
is establish/installed (Kapitsa, Sorokhtin, 1965), that this
basin/depreSsion does not have an outcrop to the south

(Southr than 809 south latitude)-.

The discovered by Australiad reSearchers intracontinental
basin/depressions to west from Lambert Glacier on meridians

62.2 and 60.8° east 1longitude between 68-69° and 70-72°
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south latitude with the marks of depths to =900 m

have

east-vest strike/course. These basSinslepressions, apparently,

and are the continuation of fault concealed/latent u

Amery and Lambert Glacierse Its continuation in west

nder

revealed 9th SABR on section 69.8-71.8°9 south latitude and

41-46° east 1lonjitude, where 1is reveal/detected the

basin/depression of east-west strike with the nmarks

depths of approximately 600 m, and can be, and it
) deeper.
4 Luetzow-Holm Bay far submerges into shore, his

! boundaries thus far are not establish/installed. So,
eXpeditions to the east from U40° east 1longitude

establishysinstalled the presence Of the basin/depressi

depths from 400 to 1000 m, which were being communicated
vith Luetsov-Holm BaY. Apparently, the northern branch of
this vast basin/depression goes to Luetsow-Holm Bay. However,
according to tha available data further at sea it is uot
outlined, although region of shore to west from 40° east

‘ longitude is barely studied. The basic branch of 1epression,
probably stretchas to west-southwest northern Yamato Mts.

vast

of

is

South

Ja panese

ons with

passes along shores of =zone to Princess Ragnhild Coast.

To the south of Yamato MNts. it is reveal/detected

()
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under-ice valley with the ground elevation of stone
rock/species or vast basin/depression with depths to 1000 m.
If this then, then the depression, discovered 9th SAE, is
continued for the basin/depression south of Yamato Mts., and
departs to the west south of mountain ridge/range of Queen
Maud lLand. This fact deserves attention, since it indicates
the presence in the intra-mainland antarctic plateau of deep
basSin/depressions - the faults of the earth's crust, vwvhich
are pullad in sublatitudinal direction in parallel to shore
and the mountain systema of Queen Maud Land. The discovered
by aeromagnetic photographing system of uRder-ice moluntain
ridges southern band of mountains on Wegenerisen Plateau (to

the south from mass of Wohlthat) confirms this assumption,

At region of Roi Baudoin Station the bedrocks lie/rest
below sea 1level on the average depth of approximately 300
me "prue shore" 1is located at a distance 150 km of the

edge of shelf glacier.
Page 93.

In some places of the basin/depression of under-ice bed,
they reach deptas 500 m and more. These depression are

stretched in pafallel to shore and in west depart under

Lazarev Ice Shelf.
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under
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investigations

Maudheim station the southeast,
series of deep (more than 1000 m)
basin/depressions, stretching to southwest
It 1is possible, these basin/depressions
of the sublatitudinal fault in gquestion
to southvest Coats Lande At Coats

of trenches is changed. It 1is there

trenches with
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mainland glacier.
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1000 =m
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1954) ,

more than 800
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direction,

southeast
vith the cCoansiderable
Filchner Ice

faults of the

geophysical
(Frolov, Koryakin,
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orientation
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structures

downwarp/troughs of Western antarctica.

sections, closed by shelf glaciers, confirm
conclusion about the fact that the basic distinctive
morphostructure
cutting deep trench, named Lazarev Trench, vho is

outlined

sect ions

- - — ~ =

PAGE <F

b

ps

east-antarctic platform from the Alpiae

geophysical studies of the under-ice relief

5f the shelf seas of east antarctica 1is

the periphery of continent., HovweVer, this

in essence sublatitudinal strike/course, on

it is interrupted by submeridional

morphostructures. On some sections Lazarev Trench is several y

sublatitudinal

parallel

depression, as a rule, which are stretched in

each other and configqurations of continent.

geophysicists and geologists (P. S. Voronov, A. V.

Zhivago,

strike/course

formation

P. Koblentz, A. P. Lisitzin) assume that this
basin/depressions of sublatitudinal

forms single trench with depths from 500 to
is stretched around entire Antarctica and

into two parts: circumlittoral and oceanic.

of trench or fault of crust is joined  with

with glacio-static motions of crust, caused by alternations

Jlacier 1load of continent to gquaternary time. Other
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LTeSearchers (Ye. S. Korotkevich, A. P. Treshnikov) deny the
presence of single trench and they consider that the
observed depression of the bottom of sea bhoth sublatitudinal
and submeridional strike/course are the 1local formationms,
which do not present single system. The origin of these
faults they join with the tectonic motions of mainly

pre-Quaternary period.
page 94,

What present themselves the discovered basin/depressions
and the trenches: single trench either the fault of crust,
wvhich was subjected after formation to considerable changes,
or the system of the faults whose formation was caused by
single reason, this gquestion is not fundamental. There are
no foundations €Eor asserting that the formed arCouni
Antarctic continent under the action/effect of ice 1load
single fault was not subjected to in the subsequent epochs
disjunctive changes as a result of the various kiads of
the motions of crust. The system of sublatitudinal faults
girds entire continent Antarctica, what is not observed on
other continents, i.e., trench is the characteristicz feature
only of shelf seas of Antarctica (Voronov, 1958) and is

absent from the shelf seas oOf other continents. Since
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Antarctica is characterized by in principle from other
continents only contemporary glaciation, it 1is possible to
be connected to the opinion of the researchers (A. V.
Zhivago et al.), that consider that the presence of trench

as caused by Jlaciostatic otjonS of the earth's ccust. The

reason for the formation of these trenches or faults,
obviously, single is oscillatory motions of the earth's
crust under the actionyeffect of ice 1load, 1i.2., laciostatic

motions.

The analyses of the isostatic state of the crust of
antarctica (S. A. Ushakov, G- Ye. Lazareve A. I. Prolov)
showed that the enormous increment load of ice on continent
in essence was compensated for (by 80-90os0), which is
possible only as a result of dovwawarps/trough or upwarp of
crust. The downwvarp/trough of crust had to cause the
displacement of subcrustal masses from under the central
regions of glaciation to 1limb 2zone. As a result of these
motions in limb zone, vwere formed the faults of crust,
faults and uplift/rises. Since the processes of intense
freezing and departure of glacier in quaternary time passed
repeatedly, the earth's crust of continent test/undervent the

considerable periodic bouncing which created the block

tectonics of the 1limb zone of Antarctica.
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lines of the contemporary configuration of

probably to a considerable degree 1are caused

Hovever, sone
Lazarev Trench,
by the character

of

more ancient faults. PFurthermore, the

presence of submeridional structures on some sectians, which

substantially lavel
trench, attests to
is caused not only
motions.

The geaologic
circumlittoral part
establish that for
Antarctica are very

Along
many

faults. For an

vith ancient

of then

characteristic

parallel to the

perpendicular to thenm.
and in shelf zone the
considerable degree is
as result of which

east

Antarctica

entire

two

shelft

and
the

by

of

an

even vhich interrupt thenmselves
fact that the relief of shelf zone

low glaciostatice but also tectonic

and geophysical 1investigations of the

Antarctica made it possible to

entire peripheral zone of 2ast

characteristic the different faults.

faults are very widely commdon young,

rapeating

of

the main directions of ancient

this zone of east ‘ntarctica. are

directions of the newest faults: in

confiqurations of continent it |is

It is establish/installed also that
relief of the bhottom to 1

caused by the disjunctive dislocations

vas formed the characteristic for

very complex structure and strongly separded.
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conclusion

Ehe Dbasic results of the conducted by wus investigation

consist in the followving.

1. In period and after IGY experiments of south ocean
and fntarctica exceeded investigations of entire preceding
period of research on this region of terrestial gJlobe. 1In
the complex of these investigations the considerable role
occupies research on gravitational field. At the present
time by Soviet and foreign geophysicists in the south ocean
and the Antarctic is wmade the considerable volume of

gravimetric investigations.

2. Accordiny to data of gravimetric studies, ate
comprised schematic gravimetric map/charts of south ocean and
circumlittoral zone of jatarctica. Gravitational field clearly
record/fixes the basic morphostructure cell/elements of the

relief of the bottom of ocean and boundary/edge part of
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the Antacrctic continent. The vast minima of the anomalies

of the force in all probability characterize regions with
the 1lowvered/reduced density of the substance of wmantle.

These anomalous zones are confirmed by the magnetic
anomalies, by the excesses of geoid and by other facts.
Gravity anomalies on Antarctic continent clearly rezord/fix
changes in the relief of the stone roCk/species of the bed
of glacier, they make it possible to isolate the separate
block/module sunits of the earth's crust, charactecrize the
SPecial feature/peculiarities of the structure of the eaCfth's

crust and upper mantle,

Judging by character and value of gravity anomalies,
the earth's crust of the south ocean and Antarctics is
isostatically compensated for. Are separate/liberated the
uncompensated sections of these zones (island arc, the block

mountain of the periphery of the continent of Antarctica).

J. Statistical relationship/ratios of depth of Noho
surface and gravity anomalies, detefmined for south ocean
and Antarctic, made it possible to construct ciccuit of
earth®s crust of these 2zoness The 1isolines of MNoho surface
clearlY record/fix the basic morphostructure special

feature/peculiarities of the structure of the relief of the

it s
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bottom of ocean and tramnsition zone of Antarctic continent.
Deep-vater oceanic basins have fine/thin crust as thickness
5-10 km, underwater ridges are characterized by an increase
in the thickness of crust to 15-20 km. Under 4island arcs
the crust has continental type signs, thickness its 20-25
km. The interpratation Of gravimetric data for mid-oceanic
ridges is given in twvo versions: for the normal and
anomalous density of upper mantle. The statistical
relationship/ratios of the power/thickness of crust and
anomalies of the force for rift 2zones indicate to
completely different, the peculiar type of the earth's

crust, sharply different from continental and oceanic types.

Are revealed the regional special features of the

structure of crust and mantle of the Atlantic sector of

soUth ocean.
Page 96.

Probably that the upper layers of mantle in this region
are less wuniforas in density, at 1least in Pacific Ocean.
Furthermore, is explained the complexity of the -earth's

crust and upper mantle at Scotia Sea and Drake Strait.
There aCfe the foundations for relating them to the "Pacific

Ocean" type of crust and mantle.

el b e
i i e e s e s
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In transitio>n zones from ocean to continents, the
thickness of the Earth's crust sharply is increasel
approximately from 15 to 35 km. The crust of these zones
is presented by the series of block/module/units. The

boundaries of block/module/units pass along faults.

Continent Antarctica has the continental type »>f crust.
In east Antarctica the thickness of crust is egual to
35-40 km and is increased to 45-50 ka under a=mountain
masses. In Westarn antarctica the thickneSs of crust is
25-30 km and also it grow/rises wunder mountain rests to

35-40 kn.

In transition zone of Antarctica, the thickness of

crust is changed very sharply, the boundaries of the
block/module/units of crust pass along faults. In the shelf
zone of Antarctic continent, it is reveal/detected by break
in the terrestrial core, the so-called Lazarev Traench, which:
is stretched in parallel to mainland at a distance is wmore
than 8000 km. Its formation is Jjoined with the oscillatory
motions of the earth's crust under the action/effect of ice

load. Glaciostatic nmotions even nmore contributed to the
breaking up of the crust of Antarctic platform and created

i1ts block-laminated tectonlcs, which finds 1ts reflection in
the fleld of gravity anomalies.

o
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