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H work is ded ica t ed to  research O~~ gravitational tt.ld 
S

and structures of the earth ’s crust and uppe r mant le of

South ocean and the limb zone of antar ctica.

1 Is given survey/coverage of the contemporary state of

the geoph ys ical stud y of the region being investigated. Is

- given detailed char acteristic of grav i metric mea suram ents in

H the south ocean and the Ant arctic . Is given description of

- . eq uipment , proce dure of photo g ra phing and treat *ent of the

materials of observations ; is given the evaluation of the

accuracy of ob ta ined  g ra v i m e t r i c  data. Considerable  place

occupies the  d e t a i l e d  character is t ic  of the g r a v i t a t i o n a l

field of region of earth being inves t iga ted ; are j iv en

- : q r a v ime t r i c  •ap/~~ha r t s ;  is examined communication/connection of

1 grav i t a t ion a l  fi. ld  w i t h  ot her physical fields; is ma de th e

conclusi on about isostasy and the densit y he te rogenei ty  of

substance suppress crusts  and uppe r mant le .  Separate chapter

is dedicated to th e q u est ions of the deep s t ructu re  of th e

earth’ s crust of ocea n and transition region ; i~ ‘iven th e

circuit of the thickness of the earth ’s cr ust , a r. giv en

S some cut /Section s .

:‘ .~ t 1 es — • t ’~’ V t ’s tc t ’s — IC S i t  1 t u  . I I I ~~~ t~~t t  I 0h z 1 — 2 .
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IN TRODUCT IOM t ,

FOOTNOTE 1• M onograph li ghts the reselts of investigations

as of on January 1969. ENDFOOTNOTE .

- Research on the gravitational field of the Earth is

-

. 
necessary for the solution of scientific and practica l

proble.s~ In applica t ion to astronomy and geodesy, the

knowle dge of gravitational field make s it possible to dra w

conclusions about the figure of the Ear th,, to c btain the

deviation of ge3i d from ellipsoid, and also the deviat ions

of vertical line . The knowledge of the form of geoid and

I j pl umb in:linations makes it possible to base

ca rtogra pher— topographic works on a stronomical points , wh ich

for the regions, not en compassed by triangulation , is
- especially important .

-
. In ap plication to the Common/genera l/total problem s of

LÀ L
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geology and geoph ysicists 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 one Of the methods of the knowledge of

the geologic structure of the studied region. Research on

the field Of the anomalies of the force of g rav it y makes
it possible to judge the thickness of the Earth’s crust,

the  pr esence of the density heterogeneit y of the  t rust  and S

mant l e  of the Ear th .

At t h e  p resen t  t ine , in the  epoch of intense researc h

on space with the aid of artificial sa telli tes an d rockets

the knowledge of the grav itational field of the E a r th

acquires important value-

In application to antarctica, research on gravitational

field has especially important value on the strength of

specific character and special feature/peculiarities of this

continent. Antarctica — the continent, continuously covered

with ice; oniy Solo of its entire area is free from ice

land. Therefore research on the s t ruc ture  of this  cont inent

is possible in essence only by the  geoph ysical methods

among which the g ravimetr ic  method occupies one of the

leading places. The knowledge of gravitational fiel~ •akes

~

-

O-
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it possible to solve many important scieutific and practical

problems of research on the antarctic. In the sense of

research on the figure of the Earth, the knowledge of the

surfac. of geoi~ in c antarctic region is especial ly

valuable. In the region of cartography — this substant iation

of topographic mapping. Since antarct ica is torn from the

grid/network of triangulations, the interrelationship of

topograph ic wor ks on enormous territory is impossible w ithout

the knowledge of plumb inclination. In the region of

geology and geophysicists the knowledge of the gravitational

field of antarct ica makes it possible to stud y struc ture

and thickness of the Earth’s crust, to determine the degree

of the isostatic compensation for the sixth continent, to

reveal/detect~exp3se the zones of faults and disequilibrium ,

to investigate the structure of the bed of the bedrocks,

which lay under glacier.

Pa ge ~~.

por the water area of south ocean, research on

grav itational field is necessary for the solution 3f the

sa•e problems.

Systematic research on the south ocean and antarct ic

F—
L ____ _
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beginn ing  i n  t h e  period of i n t e r n a t i o n al geophysical year

(1956—1938) is continued up to now. In the studies of

these regions of the Earth, take part  many countries, and

first of all the Soviet Union and the United States of

America.

At the pres ent t ime by Soviet and foreign geophysicists

in the south ocean and the antarc tic is made the
S 

considerab le volume of gravimetric in vestigations.

.4

The dominant role in conducting of maritime gravi.etric

measurements in these regions by Soviet expeditions belongs

to the moscow state university and the especially State

astronomical institute im. P. K. Sternberg (GAISh). In 15

summer/years, from 1955 on 1969, GAISh carried out 11

gravimetric expeditions into the antarctic in the com position

of Soviet antarctic expeditions. participating in eight

voyages of the diesel—electric ship “Oh’”, one voyage of

• the diesel—electric ship “Lena”, one voya ge of the researc h

shi p “Professor Zubov ”. Together w ith geologic faculty of

MGU (Noscow State University). was carried out the

S 
expedition into the antarctic in the composition of whale

flotilla “Slava”. 
S
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This work is dedicated to research on gravitationa l

field and structures of the earth’s crust and upper mantle
of south ocean and the limb zone of antarctica.

Author took par t in all stages of gravimetri: S

inVestigations of the GAISh in world ocean, he was direct

S participant or the leader of several expe ditions, which
S conducted the measureme nts of gravitational force in south S

ocean and in the antarctic.

In the work are generalized the results of 15—yea r

investigations of the collective of the maritime gravimetric
• expedition Of GAISh. To all coworkers of this expedition,

and especially to the participants of the cruises, author

expresses heart gratitude.
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Chapter 1.

GEOPHYSICA L INVESTIGATIONS IN THE SOUTH OCEAN AND THE FRINGE

ZONE OF ANTARCTICA .

By t he name of South or An tarctic Ocean recen tly on
S the initiative ~f the Soviet researchers (Treshnikov , 1967)

are separate/li bera ted the sout h parts of Atlantic, In d ian

and Pacific Oceans, which surround continent antarctica. The

northern boundary of south ocean is conducted through the

extremities of the continents of Afr ica, Australia and south

America. The northern boundary of the antarctic is the

front of antarct ic conver gence, i.e., the zone of the

convergence of cold antarctic water wit h more warm water of

the subantarctic.  Thus , south ocea n on north is l im i t ed

approximatel y to parallel 30° south latitude, and the

antarctic — by parallel ~0° south latitude.

For the latter of 10—15 summer/years of the exper iment

of the south ocean and antarctic, exceeded the

_ _  _  _ _- 
~~~~ - SS~~~~ --
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investigations of entire preceding time. In period and after

i n t e r n a t i o n a l  geophysica l year (ICY) the very c~ nsiderable

contr ibut ion to the cause of researc h on th i s  region of

H t he  Earth introduced Soviet researchers.
I- ~

General information about the study of the antarctic of up

to international geophysical years.

.4

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 anta rctic

islands and sections of coast of continent without

debarcation of antarctica.

2. Prom end of 19th century to Second World War, was

S conducted study of an tarctic 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

• S - - 

~ S - 

-
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conducted invest igat ion of south ocea n and entire c ontinent

of antarct ica by international scientific ex peditions, and

also large exped itions of some states.

The honor of d iscovery/opening the sixth con tinent of

the Earth belongs to Russian seafarers. The first Russian

antarctic expedit ion in the composition of sloops th e “east”

and “peaceful” un der the command of P. P. Bellingaba usen

and N. P. Lazarev on 28 January 1820 approached for the

first time the ice continent of antarctica. Before end of

19th century, discovery/open ing and research on the antarctic

was realized by accidental ships and expeditions . In essence

this were trade vessels (whale rs, sealers~ . And on l y  rare

expeditions conducted special scientif ic research of shores

of antarctic continent (expedition Du aoat— d ’Urvi l le , Ross ,

Wilkes) .

Page 6.

English expedi t ion  on vessel “Challenger” in 1872—1876

conducted for the first time comprehensive investigation s

(physical oceanography, biology, geology) in the

circumlittoral part of the continent in region of Wilkes

Land, A delie Land, Victoria Land. Geologic data, 3btained in

-~~ — -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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this  expedition by ~i. Mur ray ,  allowed it f ina l  to arr ive

at the op inion tha t the south—pola r  continent ex is t s  not

only  as fo rmat ion  f r o m  ice and the  separat e E a r t h , but

also as continent in geologic sense. 3. Murray  d rew  around

south pol e single continent and gave for the f i r s t  time to

it name “an ta rc t i c  cont inent”  (Lebede v, 1963; Tre shn ikov ,

196 3 ) .

In te res t ing  invest igat ions  in the antarctic were made

dur ing  K. Larsen’s Norwegia n whale expeditions (1893—192 5).

Larsen reveal/detected the first fossilized petr i f i cat ion s in

antarctic peninsula. This were the pieces of the coniferous

trees which  were related to ter t iary  time.

People ’s f i r s t  onslaught to ice continent produced L.

Kristensen ’s Norwe gi an  expedition in 1894 of Cape Adare

(Victoria Land) . Dur ing  this, C. Borchgrevin k assembled the

specimen/samples of the rocks which had large value for

geologists, who d iscussed at that time the question

concerning that, are there in the antarctic a continent or 
S

only an archipelago of isla nds.

The f i rs t  13—month  ice dr i f t  in water  of the  ant arctic

it completed the scientific vessel “Belgique” in 

_____ - - dS.~~~r —.~~~ - —
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Bel lingsh ausen Sea in 1897— 1898. The par t i c ipan t  of t h i s

ex pedition was youn g P. Auund sen , su bsequen t ly  f a m ou s  polar

researcher.

In 1898— 1900 Engl i sh  expedition un der  C. B 3rch gr ev ink ’ s

mana gement/manual organized the  f i r st  9—month  w i n t e r i n g  on S

antarc t ic  con t inen t  (Vict oria Land) . Dur ing  this  exped i t ion

was made sleigh ex pedition to south magnet ic  pole and  were

carried out the geologic analyses of mountains of Victoria

Land.

In t h e  beginning  of 20th century to shores of

anta rctica , vent fou r  expeditions: Britis h — to Victoria

La nd , German — to W i lhe lm II Coast, Swedis h - to Graham
S Land , and scottish exped ition on vessel “Scotia” to the

Weddell Sea. All  four expeditions worked according to the

matched plan/layout. This was the first international

collaborat ion of the researchers of the sixth c o n t i n e n t .

The results of the investigation s of these expeditions

were very considerable. British expødi t ion (I. Scott)  gave

for the f i rs t  t i m e  the descri ption of the Precambri a ’~
foundat ion of E a s t — a n t a r c ti c  p l at f o r m  and ly ing/hor izonta l on

it sedimentary th ickness  was sandston . the  suit . of Bik on

-
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(?errar , 1907) . German expedi t ion (8. Drygaiski)

open/d iscovered Gaussber g Mountain and established t h a t  it is

the resid ue/re mainders  of young volcano (Reinisch , 1906) . In

morainal deposits, besides granites and gneiss, were detected 
S

sandstones and limestone, which ind icates ex istence in the

depth of the continent of sedimentar y rocks. Swedis h

expedition (0. Nordenskjold) establish/installed the structural

and petrographic resemblance of antarctic peninsula and

ad jacent islands. Nordelskjold constructed the first

geotectonic circuit of antarctica (Nordenskjold , 1913).

Page 7.

The expeditions described above initiated to geophysical

investigations in antarctica. Participant of British

expedition 1898-1900 L. Bernakey recorded for the first time

on the sixth continent the seismic waves of distant

earthquakes. The very same for the first time in anta rctica

fulfilled the pendulum determinations of the force of

gravity.

Zn the beginning of the second decade of the 20th

century in antarctica went five expeditions: Norwegian (P.

Asundsen), English (R. Scott), Australian (D. Nawson), German

• -



_ _  - ~~~_ J  ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

DOC 78008701 PAGE ia /3

(1. Filch mar) and Japanese (C. Shirase). The r esu l t s  of

these exped itions introduced the significant contribution to

research on the continent (especially coast) of antarct ica

and its geologic structure.

Simultaneousl y wi th works on continent were con ducted

maritime scientific investigations in hydrology, meteorology,
L 1a1 1! _ E ~~~~~ - 

I t i  1 be~~ai~ t L t t ’ ~~ \‘ :; tt . nia t Ic En~~1 I ~.ih S

q.iaciology andAthe exped ition of the Discovery Committee in

the antarct ic .  This Committee was placed with its problem S

mapping of antarc tic coast, conductin g biological and

oceanographic investigations, research on the relief of the

sea bottom.

In the 1920—1930’s four expeditions, conducted in

antarctica the very extensive studies: Norwegian (L.

Christense n, 1929—1937), Anglo— American (H. Wilkins,

1928—1929) , A .erican (P. Byrd , 1928—1930) and

British—Australian—New—Zealan d (D. Nawson, 1929—1931). This

period of research on antarctica signifies itself by the

beginning of the wide application of aviation. So, 1..

Christensen’s expe dition conducted the aerial photograph y of

coast of east antarct ica from 22 to 83’ east lon g itude. In

1933— 1935 was completed the first trans—Antarctic

flight/passage (L. Ellsvorth) from antarctic pen insula to the
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Ross Sea during which the Sentinel Range was discovered. S

In R. Byrd’s second expedition for research on the

structure of antarctica, was undertaken for the first time

an attempt to utilize methods of exploration geophysics. T.

C. Poulter with the aid of seismic survey refined the

position of the east coast of the Ross Sea, which is

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

in a ser ies of the poi nts of this sea (Poulter, 1939,

1947) .

Zn 1938 be;an work fi. Byrd’s third expedition. However,

the work of this expedition was interrupted by the begun

Second World War.

After war into 19t16—1947, P. Byrd organizes his fourth

expedition into the antarctic. In it took part of

approximately 4400 people, of then 14000 military. Were used S

powerful cross—co untry vehicles, aviation, ice—breaker of law

court, aircraft carrier and the submarine. The scientif ic

Works of expedition were reduced in essence to the aerial

photograph y of the circumlittoral zone of continent and the

S hydrophysical analyses of coastal waters. For the first tine

in antarctica were carried out aeromagnetic investigations.

_ _T ~~~~~~ 
- -
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S

With magnetometer were completed four flights. One Of the S

interesting results of this expedition was the conclusion

about the displacement /movement  of south magnet ic  po le on

270 km to  the nor thwes t  (Sholes, 1953) .

Page 8.

A No rwegian-British—Swedish expedition wintered into

1949—1952 at Queen Naud Land. Expedition conducted works in

radi us 600—700 km on the invest igati on of the geologic 
S

structure of region , the measurement of the thickness of

S ice ( for the f i r s t  time on ice continent were made  the

drill holes to dept h 100 •) .  The exped ition was the  f i rs t,
S 

which applied the method s of exploration geophysics tof
S route by length 600 km was made more than 50 points of I

the seism ic soundings of ice for explaining the ba sic

features of the morphology of under— ice bed (Robin , 1964) 3.

This expedition establish/installed the two—level structure of

an east—antarc tic platfor. and the block structure of

S mountains of Queen Baud Land.

In 19514 was created the Austral ian station of Nawson

on the  shore of MacRobertson Land. This expedition inspected

many regions of this part of the antarct ic  coast and it

-~~~~~~~~~
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completed intracontinental expedition by extent of

approximately 650 km. In expedition were conducted seismic,

gravimetric and magnetic observations for determining the

power/thickness of ice and research on the geologic

structure of stone bed.

A t this tim e their investigat ions in the antarct ic

conduct the English, French, A rgentinean and Ch ile

expeditions, which organized a series of scientif ic  stations S

on the sixth continent and the su r round ing  islands.

S imul t aneous ly  in wa ter of the antar ctic work several

mari time expeditions (American ice—breakers “Edisto” and

“Øurton Island”, the Prench vessel “Commandant Charcot”,

Chile vessel “President Pinto” et a l .) .  In 19514 i n to  the

an tarc tic, was sent the ice— breaker of the navy of the USA

S “Atk~ ” (worker in the antarctic and by the present time),

that began preliminary investigations in the progra. of

international geophysical year.

Thu s, at the  beginning of the 1950’s antarc tica was no

longer Terra incognito. The sixth continent of our planet

became the subject of the investigation of many countries,

and b7 this time narrower were formed the specific views

on na tu re  and i t s  structure. However , the  study of

LA - 5 - 5 5~~ 5~~~~~~~~~ 5_ ~~~_-
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antarc t ica  concerned only circumlittoral part. Limb zone on

the strength of geographica l condittoes (mainly small

distance from basic coastal bases) was more availa b le for

investigations, than internal regions. S

L t  us exa~ iDe the study of south ocean and the limb
f1(~~~

zone of ant a r c t i c a  in period of ~~ and a f te r  i t .

I

Geophysica l inves t igations in a’ south ocean and in the  l im b

zone of antarctica.

Study of the  re l ief  of the  bottom.

The f i r s t  systematic information about the relief of

the floor of aDuth ocean is contained in the reports of

S expedition on vessel “Challenger” 1872—1876. All the

subsequent expeditions, equipped into antarct ica, con stan tly

conducted researc h of depths and mor pholog y of the bottom

of sea.

Page 9.
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The first bathimetric map/charts of antarctic seas and

S their reg ions appeared at the end of the 1920’s — the

beginning of the 1930’s. Thus , in 1930 from the  wor ks of

the Discovery Commit tee were comprise d the bathi.etric

ma p/charts of area of the Scotia Sea , antarct ic  peninsula,

the islands of Bellingshausen Sea.

subsequently research on the relief of the ocean floor SS 
was developed suffic iently intensely, especially with the 

S

introduction of sonic depth finders. In P. Byrd’s 4th

expedition 1946—19147 aboard all 13 ships, there were sonic

dept h finders, an d constantly was conducted the mea surement

of the sea bottom. However, the results of these works are

only partially published .

In period Df IGY , wide research on the relief of the

bottom was conducted by research vessels of the USSR , USA ,

Austral ia, Japan. New Zealand, Argentina, France, etc. of

the countries. Unfortunately, the results also of these

works are publis hed very slowly.

Prom the  in vestigations of recen t years most s i gn i f i can t

L - -~~~~~~~~~~~~~~~~ -~~~~~~~~~~ 
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are the measurements, made from ships “O h ’” (USS R) • “Visa”

1 and “EltafliTi” (USA). These investigations because of the

-
~~~ obtained con t inuous  recording of the echo sound signa ls made

S it possib le to reveal the parts of the structure of the

bottom in all sectors of south ocean. The measurements  of

S 
expeditionary vessel the “Ob ’” — the flag officer of Soviet

antarctic expeditions (5kB) — only during the period of

t floating in the antarctic from 1955 on 1963 are made for

the extent/elongation more than 150 thousand miles (Zhivago,

1967). An especially dense grid/network of surveying tacks

S 
- fa lls on area 3f sea of Davis and the circumlittoral part

of the antarctic continent within the limits of the Indian S

sector of the antarctic. As a result of the works of S

American ex ped itions, very is st udied 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 underwater relief and benthic

sedimentat ion showed that the floor of south ocean has very

complex structure. Are separate/liberated basic

S morp hostruCtures — th e vast cO .PleZeS of relief (shelf ,

continental slope, island arcs, ocean ic swell/rampart/rises

and underwater ridges, median oceanic spine/ridges, deep water 

S 
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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 uppe r pi rt of

the Earth.. On the background, crea ted by morphos tructures, - 
S

are super imposed smaller in the size/dimension of the form

of bottom relief , caused by processes on the  bot tom and in

the aqueous mediu . of ocean (Zhivago , 1967).

Data on the relief of the bottom of the antarctic in

conjunction with results of geophysical and geologic

investigations •ake it possible to sake an attempt at

research on the  s t ructure  of the ea rth’ s crust and upp r

ma ntle of this  i n s u f f i c i e n t l y  studied region of terrest ial

globe.

seismic and seismological observations. S

The Seismic study of the Southern Hemisphere and

especially south ocean is considerably worse, rather than

northern. If in the Northern Hemisphere seismic works for

the target/purpose of research on the deep structure of the

earth’ s crust are  conduc ted nar rower  for  20—25 sumner /year s ,
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then in th~ Southern Hemisphere they are conducted only for

last/l a t t e r  10—1 5 Sum me r /years.

page 10.

In near—Antarctic water these investigations are absent, wi th

the exception of the Scotia Sea and the  S o u t h e r n— An t i l l e s

arc, on the ver y continen t of antarctica, deep seismic

sounding  to 1969 was  not conducted &~

FOOTNOTE ‘. In N ay  1969 on an ta rc t i c  con t inen t  w e r e  for  S

the f i rs t  tile carried out deep seismic soundings. The

geophysici sts of NII G A (Leningrad) fulfilled them along

profile bY length 1430 km in region of station

Novolaza re vskaya. The depth of the Mohorovic ic surface,

obtained as a result of these wor ks, changes on p rofi le

from 27 to ~2 k m, moreover revealed block structure of the
S 

earth’s crust. These data coafirm the results, obtained by

gravimetric method for the limb zome of antarctica (A. L .

flogan. Results of deep — seismic soundimgs of the earth’s
S 

crust in East Antarctica. — Reports of Soviet geologists

and geoph ysicists at the 11—nd International Symposium on

An tarctic geology. Oslo, Au gust, 1970, Leningrad, 1970.

ENDFOOTNOT E .
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The first seismic works in south ocean, obviously, one 
S

should consider the seismic investigations by the method of

the reflected and refracted wa ves, made into 1959. By

Lamont geologic observatory (LGO) together with W ooi s Hole

oceanographic in3t i tut e  on the wester n cont inenta l  slope of

south America f r o m  Buenos—Aires to Cape Horn and a t  Scotia

Sea between the Pal kiand and sand wich Islands (Pig. 1).

Works were conducted according to program of IGY (Woollard,

1960) . Here for the target/purpose of research on the

structure of sed imentary thickness, are ma de several profiles

one of which is stretched on continental shelf f r om  35 to

570 south latitude. To the south of Falkland Islands, is

obtained the full/total/complete cut/section of the earth’s

crust and is determine d its power/thickness. Investigations

in region of Sout h Georgia Island and the South Sandwich

Islands are connected several profiles, which are stretched

f rom 48 to 57° south lat i tude and whic h intersect the

South—Anti l les  Ridge. Alt hough the  total thickness of crust

is not here determined however the upper part of it is S

studied sufficiently fully.

‘
I

S 
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S 
subsequent ly Lamont geologic observatory conducted the

large vol um e of seismic work in Argentinean basin. Works

were fulfilled on research vessel “Vi.a” into 1961—1963.. Was

here stud ied in detail the structure of sedimentary

thickness, fur thermor e, was obtained the full/total/complete

S 
cut/section of the earth ’s crust on the 45th parallel from

48 to 63° west longitude (Ewi ng et al. , 196*p .

In the  Strait of Magellan are made 22 seismic stations

accord ing to the method of refracted waves. Hera is studied

in detail the cut/section of the earth’ s crust at ent i re

its depth of up  to Nohorovicic boundary (Ludwig ct  a!

1965) .

-
__ 11S 5 1  
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Pig. 1. Circui t  of th e  seis mic stud y of south ocean and

antarctica. Compiled by P. A. Stroyaw. I — rou te  of

inne r — A n t a rctic exped i t i ons ;  2 — profi les  of the m ar i t i m e

inve stigat ion s b y the  method of t h e  r efracted waves ; 3 —

points of point soiamic  inves t iga t ions; 4 — area seismic

investigations; S - rout e of the  wa v es of eart hqua kes and

-ii
— S ~ S S 5 -5S~~~ — ~~~~~~~~~~~~~~~~~~~~~
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value of the thickness of the crust, k.; 6 — epicenters

and the dates of ear thquakes ; 7 — seismic observa t or ies; 8

— profiles of the  mar i t ime  in vestigations by the  method of

the waves reflected. S

key: (1). Africa. (2). Is. Madagascar. (3). South Amer ica.

( 14) . Antarctica.  (5) . Mawson. (6). Amund sen—Scott. (7) . Byrd.

(8) . Scott. (9) . M i r n y y .  (10) . Wilke S . (11) . Hallet t .  (12) .

Dumont—d’Urville. (13). ~ew Zealand. (14). Australia .

Page 12.

In 1962—1963 English exped ition on ships “Scha~ kleton~
and ~Protector N fulfilled prof i le  by leng th of a ppr oxima tely

2000 km according to the method of the refracted waves

from South Orkney Islands to Sout h Georgia Island south

throu gh Scotia Sea (Alle n, 1966). Mere sufficiently is

studied in detail the structure of the upper part of the

S 
cut/section of the earth’s crust to boundaries with a

velocity of 5.7-6.2 km/s . In three points are obtained the

boundaries with a velocity of 7.6—8.0 km/s, identif ied with

the base of th. earth’s crust. A t this time it was made

5 seismic profiles, each by length 30 ha, in Bransfield

_ _ _
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Strait, separating South Shetland Islands f r om antarct ic

S peninsula . The p u r pose of the work were the det e rmin at ion

of the structure of the earth’s crust and th. cont rol  of

the interpretation of the gravitational and ma gnetic  data ,

obtaia!ed earlier (Cox, 1964)..

In 1962—1 96 5 Lan ont  observator y f u l f i l l e d  the

considera b le volum e of seismic wor k wi th the me thod of the

V~~ V~~~~ reflected in the south Atlantic bet ween 18 and 400

south l a t i tude  f o r  the target/purpose of research on

s.diaentary co’~er ing, structure and tectonics of this region.

In the Indian Ocean to the south from the 30th

parallel, seismic inv estigations were carried out into 1959

accord ing to program of IGY. At the southeast shores of

Utica were taken 12 stations by the method of the

refracted waves on the ships “Vim a ” and “Vra ystat”. Was

here obtained the full/total/Complete cut/section Of the

earth’s trust. Typically mantle speeds 8.10 km/s were fixed

at certain stat ions (for example , to the east from Durban)

(Woollard , 1960).

In  196 0 coworkers of LGO on the vesse ls N Vima W and

“Diamantina” carried out seismic investigations in the Perth
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Basin and to the south from Adelaide. Observations are made

accord ing to the method of the refracted waves 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 f u l l/total/comple te

cut/section of the earth’s crust.

S In 1962 seismic works of shores of south Africa were

carried ou t by South African researchers to research ship 
S

“Natal’”. Works were fulfilled throug h the program of

international Indian Ocean expedition. In the complex of

geophysical investigations, were conducted seismic w o r ks on

the method of the refracted waves. In all were made about

20 stations. Was here obtained the fu l l /total/comple te

cut/section of the earth’s crust. Unfortunately, data are

pu blished only on two s tat ions (Green, Hale s, 1966)

The considerable volume of work is made in Indian

S Ocean into 1962 in expeditions “Monsoon ” and “Luzia d” ,

or ganized hi the Scripps Oceanographic Institute. Works were

conducted b y the method of refracted waves on the  shi ps

“Argo” and “Gorizont”. On the water area between 30 and

40° south la t i tude, it is made about 15 stations, on the

ma jority of stations, was obtained the full/total/comple te

- 

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

Unfortunat ely, basic part of these data is not published.

Analogous works were made by Soviet scientists in the

1964—1965th in the 36th vOyage Of the research ship S

“Yityaz’”. Between 30 and 400 s o u t h  lat i tude it is ma de of

6 station s 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

was conducted on the basis of the utilization of special

and industrial explosions. Are here obtained the tota l

power/thickness of the terrestrial crust and in certain

cases cut/sections throughout the whole depth (Gurariy ,

Solov ’yeva , 1963)

The south part  of pacific Ocean ( to the south f rom

30° south la t i tude)  by seismic methods almost in no way

studied. Here there are a total of two points of the deep

S seismic sounding where is obtained full/total/complete

thickness of the Ear th’s crus t (Off icer , 1955) in Tas.a m

Sea (,ø a 1400 south lat itude , k. 160° east long itu de ) and

~
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Fiji Sea (0 = 30° south l a t i tude, X 162° east

longi tude)

Dur ing  N a y  1966 LGO made about 15000 km of profiles

by the  •ethod of the waves reflected in water around Mew

Zealan d on the shi ps “Vima ” and “Conrad”. As a result of

these works, is studied the structure and the propagation
S 

of sedimentary thicknesses in the structures of Mew—Zealand S

basin.

The considerable volume of seismic work in an t a r c t ic

water of Pacif ic  Ocean was made on the American nuclear

vessel “Eltanin ” in 1965—1966. Inves t iga t ions  in th. method

of the waves reflected made it possible to establish that

the power/thicknesses of sedimentary thicknesses in this part

of the south ocean reach 1 km (He i r t zle r , 1967) . Mor e

compre hens ive data on these works, un til now, is not

published.

Besides precise seis.ic methods of research on the

structure of the ear th’ s crust , in fo rmat ion  about  t he

thickness of crust, they can be obtained on the recordings

of the waves of ear thquakes .  on Fig . 2, is given the

map/chart of the seismicity of the anta rctic during period

A - ~~~~~~ — -~~~~ ~~~~;_~~~~~~~~~
—_ _ __ __ - ~~~~ -
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of 1910— 1960. For the construction of the map/chart of the

epicenters of earthquakes, are used the materials of seismic

observations for period of IGT and later, and also more

all known data on this region. 3
The analysis  of this  map/chart  shows that  the S

epicenters of the earthquakes of Antarctic seismic belt/zone

are adapted to young underwater folding uplift/rises. The

S most seismic are the Scotia arc (especially South Sand wich

Islands) and reg ion of New Zealand — Macquarie Islan d and

S - Balleny Islands. The coincidence of antarctic seismic

belt/zone with the ring of Alpine folding structures

confirms the presence here of the contemporary sharpl y

differentiat ed tectonic motions.

On the antarctic continent, unti l nov in all

p robab i l i ty  is recorded not one eart hquakes. However, the

conclu sion about seismicity of the sixth continent to draw

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

S to increa se the  number  of stations, to improve eiuipme nt

and procedure of observations. In other words, are necessary

further observations.

For the an tarctic an d the sou th ocean , data on the

-

S —~~----S -
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dispersion of th e  su r f ace  waves , which  appear d u r i n g

earth quakes, are determined from antarctic stations Mirnyy,

Hallett, Scott, and also from the seismological stations,

arrange/ located in  sout h Amer ica , Rev Zealan d and  o ther  S

places of t er res t i al  globe.

Page 14.

These s t a t ion s c o n s t a n t l y  recor d/wr ite ea r thquakes  an d

communicates  the  resu l t s  to the  i n t e r n a t i o n a l centers of

data. The combined interpretation of observed data made

possible to s tud y the character of the earth’s crust in

t he  south ocean and the  antarctic. This method makes it

possible to establish/install the average/mea n thickness of

cr ust along O s cil l at ion  loo p Wit h error tlOo/o, moreove r

result it depend s on the predicted mode l of the earth’s

crust.

‘.4
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rig. 2. Map/chart of the seisaicity of the antarctic during

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

~ey: (1). Tristan da Cunha. (2). South Atlantic Ridge. (3).

kt1an~ ic Ocean. (4). Africa n—Antarctic rise. (3). South S

Antilles Ridge. (6) . Scotia Sea. (7) . African—An tarc tic

basin. (8). Iniian Ocean. (9). South America. (10). Weddell

S 5- - ~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~r ~~~~~~~~~~~~~~~~ -________
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Sa . (11). Halley Bay (British). (12). Rawson (Australian).

(13). Isles de Kerguelin (Fr.). (14). Antarctica. (15).

Pacific Ocean. (16). Bellingshansefl Sea. (17). South pole.

(18) . Aa u n d sen—S~ ott  (USA ) .  (19) . Davis Sea. (20). Kerguelin

Ridge. (21) . Byrd ( U S A ) . (22) . Ni rny y (USSR) . (23) . Oasis

(U SSR ~. ( 2 4 ) .  A m u n d s e n  Sea. (25) . Scott (N. Zea l . ) .  (26) .

Wilkes (U SA) . (27) . Ross Sea. (28). Hallett  (N . Zeal. ,

U SA) . (29). D u m o n t — d ’U r v i l l e  ( F r . ) .  (30) . Ballen y Isla nds.

(31).  D ’t i rvj ] l e  Sea. (32) . Aust ral o— antarc t ic  basin. (33) .

Au st r a l o —An t ar c t i c  Rise. (34) .  S o u t h — P a c i f i c  Ridge . ( 35) .

Macquarie (Australian).. (36). Rev Zealand plateau. (37).

Tasmania.  (38) . Rev Zealand. (39) . Aus t ra l i a. (4 0) . Tas m an S

Sea. (4 1) . Class i f ica t ion  of the epicenters of ea r thqua kes

in in tens i ty .  (42) . Group. (43) .  Epicenters of eart hqua kes ,

determined v. (4 14 ) . Seismic stations.

Page 15.

Beca use of this on the basis one and the  same in it ia l

dat a by some researchers (Ev ison et al. , 196 0, Press ,

Devart, 1959) was obtained average power Of the crust of

east an tarctica, equal to 35 km , and Western a n t a r c t ica —

25 km. whereas by other researchers (Bentley et ml., 1960;

4

- 
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Bentley, 1964; K ov ach , Press, 1961) with respect 40 and 30

km. l vertksless as a whole the analysis of wave disp.rsion p

aid which intersect antarctic continent in different

direct ions, .mkes i t  possible to make  t h e  conclusion tha t

antarctica is character ized by continenta l type crust with

power/ th ickness  3 5 — h O  km (see Pig. 1). For the oceanic

sections of the routes of waves, is given the th ickne ss of

cr°st 5 and 10 km. i.e., thick ness typical for oceanic

type Crust.

The more c ir e f u l  anal ysis of data of seismolog y w i t h

their  considerable  q u a n t i t y  sometime s makes it possible for

resea rchers to estab lish/ins tall  some special

fea ture/pecul ia r i t ies  of crust and mant le  of the  specif ic

regions. So , the analysis of the vav€ dispersion of

Rayleigh in the  east pa rts of Pacific and Ind ian  Oceans

made it possible to establ ish/ instal l  the  d i f f e r ence  in the

structure of upper mantle near Pacific and Indian Oceans.

Im the l ayer of upp er mant le in the east part of Pac i f ic

Ocean , must be the layer  with the lowered/reduced speed

(7.8 km/s) and power/thickness of approximately 33 km (Aki ,

1960; kovach, Press, 1961). In the east part of Ind ian

Ocean , is observed the “normal” cut/section of crus t an d

mantle. Layer with the lowered/reduced speed assumes “ soft” 

- - .------ --~~~~- -
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mantle. The anal ysis of these given together with da ta heat

fluxes allowed B. Heezen (Heezen , 1960) to trace t h e  S

c o n t i n u a t i o n  of the  Eastern P a c i f i c  Ocean e leva t ion  to

C a l i f o rn ia .

Measurements of heat flux.

Research on heat flex is based on the d e t e r m i na t i o n  of

tempera tur e g rad ien t  ( 5 ~~~~~~~~ ) at measur ing  point .  K n o w i n g  the

tempe ra tu re  c o n d u c t i v it y  (thermal conduc t i v i t y )  of

prec ip i ta t ion , ~s determined the valu e of heat flux

according to the  fo rmu la :

Q v

All  the measurements , as a ru le , are conducted n e a r  the

surface of the bottom, in sedimentar y layer , where is

omitted on cable cylinder with sensing element.

To 1966 in seas and oceans, were made about  1000

•easurements of heat flux (Hersen , Lan gs e th, 1965). To the

lct of the Southern Hemisphere, feels almost the half of

all  measure me n ts. In the  s tudied by us region (to the

—
- -- —.5- -~ U— S-S.- , ,- S 



S S ~~~~~~~~~~~~~~~~~

DOC a 78008701 PAGE ~~~ 3 ç.

south f r o m  30° south l a t i t u d e,) are counted about  100

S points whe re  is k n o w n  the va lue  of hea t f l u x  (F ig .  3). In

nea r—Anta rc t i c  w a te r  (to the  south f r o m  60° south la t i tude)

of such m e a s u r e m e n t s  a t o t a l  of fou r .  This is reg ion

between Rev Zealand and Ross Sea.

Page 16.

There is r e p o r t / c o m m u n i c a t i o n,  t ha t  m e a su rem e n t s  of heat

f l u x  they were carr ied  out at some s ta t ions  in t h e

S 
Antarc t ic  part  of the  Pacif ic  Ocean in band 60—68° south

lat i tude on the Amer ican  vessel “E lt an in ” (H e i r t z l e r , 1967)

Ho wever, the results of these works, until now, are not

publis hed. As concerns the cont inent  of an t a rc t i ca, to the

season of sou th -po la r  summer /years  1967/68. N e w — Z e a l an d

antarc t ic  expedit ion was inc luded  in the  plan for  its work

of invest igation in heat f l u x .

- ~~~~~~~~~~~~~~~~~~~~~~ 
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pig. 3. H e a t—f low dis t r ibution in south ocean ( R e r x e n ,

Langseth , 1965). 1 — the average value of hea t f l u x ,  ~j

cal/cm2.s in squares 5 x 50 (in brackets is shown the

number  of measurements ) ; 2 — axis of  oceanic s pine/ri dges;

3 — volcanos the acting extinguished.
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Ke y:  (A) .  Af r ica .  (B) . Is. Madagascar.  (C) . South Am er ica.

(D) . Antarct ica.  (E) . N ew Zealand. (F ) . Austral ia .

Page 17.

Vas provided for to conduct the  •easure ment of hea t f l u x

through the  bot tom of N cNurdo  Sound and Ronnie and Wanda

Lakes, and  also some measurements in region of Rennick

Glacier. However, the results of these works on, un til no w,

are u n k n o w n .  All the  me asurements  of heat f lux in oceans

are made in essence by America n geophysicists fro. the
S Sc ripps oceanographic  I n s t i t u t e  and t h e  Lamont  geolog ic

observator y of Coluabia n university (Herzen. 196h).

Heat flux on the wate r  a rea of south ocean changes

S w i t h i n  ex t remely  large l imits  from the  values , close to
S zero (0.01 pcal/cm 2.s ),  to 3.06 pcal/cm 2.s. For lack  of

da ta now it is d i f f i c u l t  to make  a n y  conclu sions about

communication/connection of heat fluxes with one or the

other struc tur al cell/elements of the ear th’ s crust. Howeve r,
S subsequen tl y data on heat fluxes wil l aid us to reveal and

is more full to explain some special feature/peculiar ities

Of the physical  f ie lds  of the Earth in the Southern

Hemisphere .
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Magnetic inves tigations. S

Magne t i c  observat ions  in t h e  an ta rc t i c, and a lso  d u r i n g

the wat er area of south ocean espec ia l ly  widely  began to

be conduc ted d u r i n g  the  IGY . On the shore of Pravda  Bereg

in region of observatory Mirnyy in 1956— 1957 1st SAE were

made aeromagnetic observations (Glebovskiy ~ 1960). In

1960—196 1 these works they were continued 5th SAE. During

October 1960, were realize d th e flig hts alon g the routes:

1) M i r n Y y  — Is. Pobed y — poi nt 59. 3° sout h l a t i t u d e ,

103. 00 ea st l o n g i t u d e  — M ill Is. — Drygaiski Is. — M i r n y y ;

2) N i r ny y  — D ry g a l s k i  Is. — point  58.9° south lat i tud e,

86.3° east longitude — Cape Penguin.

The total length of these profiles comprises

approximatel y 4000 l inea r  ki lometers  (Fig. 4 ) .  Aeria l

magnetometer ASUG—25, intended for continuous and automatic

measuremset aT1 in flight, was tugge d by a i r c r a f t  of

IL— lu . Flight attitude was 300—400 m (LastoChkin . 1967).
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In flight along route Mirnyy—Lazarev in this same

expedition was made the aeromagnetic profile

Navson—Seva—Lazarev by extent 2260 km.~ Measurements were

ca rried out in  essence above coastal waters of antarctic

seas at heights fr o m  100 to 300 m. When c o n d u c t in g  of

aeromagnet ic  ph o t o g r a ph i n g  at Queen M au d Land (Lastochki n, 
S

1967) in 1960—19 61 it was made two  m a r i t i m e  prof i les  by

extent of approximately 1500 km enroute: Lazarev is a point

64. 10 south  l a t i t u d e, 13.5° east l ong i tude  — a poi nt 66.9°

S south latitude , 15. 3° east longit u de — Lazarev. In all way S

of flight , are obtained the  va lues  of anomalous  m a g n e t ic

field.

In water of south ocean, magnet ic survey was cond ucted

also by exped i t ions  aboard ships.

The second Japanese antarctic ex pedition in to  1957—1 958

conducted the  measu remen t  of the com ponents of magnet ic

field in Luetzov-H otm Bay and on two routes: Capetown—Seva

and Capet own—S ing ap ore  (Ogut i, K a k i n u m a , 1959) .
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Fig. 4. Circuit of th e magnetic stud y of sou th o:ean ~nd

the limb z one of anta rctica. Compile d b y P. A. St ro yev.

— route of aeroaagnetic photographiog ; 2 — route of

ground—based magnetic survey ; 3 — sections of area wor ks; 1$

— routes of hy d romagnetic works; S — points of poin t

measurements.

Key: (1). Af r i ca .  ( 2 ) .  South Georgia Island. (3). South

Sandwich Is. (1$) . Falkl.and Is. (5 ) .  South America.  (6) . S

Isle do Kerguel in .  (7). Antarctica. (8). New Zea land .  (9) .

Australia.

Page 19.

The measuremen ts of ma gnetic fie ld were fulfille d with

the  aid of the tugged m a r i t i m e  three—component  p ro ton

magnetometer .  The accuracy of measurement  comprises s lOy .

tjydroaagnetic observations were conducted also in 2nd

and 3rd SA! aboard the diesel—electric ship “Ob’” (Guzeyev ,

1962). Cell/elsuint measurements of magnetic field were

conducted on some stations by the stationary

established/ installed on vessel sensor s of ferropro be S
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m a g n e t om e t e r .  As a res ul t were obt ai ned the abso lu te  va lues

of compr i s ing  Z and 1. In  the  diag ram of magneti c stud y

(see Fig. 4 ) ,  these measurement s are shown in the  f o r m  of S

points .

Hydromagnetic observations in the Pac i f i c  Ocean sector

of antarctica betwee n Aust ralia , New Zealand and anta rctica 
S

are carried out by Japanese an ta rc t ic  expedit ion i n t o

19 64— 1965 on vessel “ U n i t a k a — M a r u ” (T o.oda, 1966) . The S

resul ts  of these me a suremen ts thus  f a r  are not publ ished.

In sector boun d ary by New Zea land  and Ross Sea t h e

expedition on the vessel “Endeavor ” fulfilled magnet ic

measuremen t s  i n to  1958— 1959 and in to  1963. General  magnetic

f ie ld  s t r e n y t h  was  measured  wit h the aid of the  t u g g e d

nuclea r magnetometer .  The accuracy of measurements  compr ises
S 

± (1 0—30) i.

The considerable  volume of h y d r o m a g n e t i c  in v e s t i g a t i o n s

is made in to  19 6 1— 1962 by Eng l i sh  a n t a r c t ic exped i t i on

(Grtffjths et ~ 1964) . The measurement  of the

full/ t ota]/co.plete v•ct or of magnet ic  f ie ld  is made wi th

proton magnetom.ter aboard the research ship “Shackleton ”.

Region of works covers entire water  basin of Scotia Sea ,
t~~k~ .~~ ~~~ ~~ .~t r id tj  rand ur~~.
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~aquetic measurements are carried out on the w a t e r  area

of Indi an Ocean , including in its south part, by the 
S

coworkers of the Scripps institute of oceanography in

exped itions “Monsoon ” and “Luziad” into 1960— 1963.

Observations are carried out along the system of profiles

to resear ch shi p “Argo ” with the aid of the proton
S precision •agnat~ .eter. Unfortunatel y ,  the resul ts of  thi s

photogra phing, until now, are not published.

Generally it must be noted that the results of

ma r i t ime magne t ic  m e a s u r e m e n t s  are not la rgely  published . In

S the ma jori ty of cas es, are published only very com m o n

sketches or extremely small—scale profiles of the

full/total/complete vect or T (or H and 2), but not

anomalies Al. All this, of course, i.pedes their

quantitative i nt er p r et a t i o n  and makes  it possible to evaluate

only qual itatively character and the  special

feature/pecul iar i t ies  of magne t i c  f i e ld .

Aerom agnetic photogr aph in g on m a r i t i m e  routes at Davis

Sea recorded alternating magnetic field with a m p l i t u d e s

500—BOOy (Lastochkin , 1967). The local character of anomalous

- --5- —-- S ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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fie lds  test i f ies  to the sha l low occurrence of the

pe r tu rba t ion  objects.  The depths  of sea do not exceed here

600—700 m t he re fo re, magnet ic anomal ies in all p ro ba bi l i ty

are connected w i t h  the unde rwa te r  projections of s t r o n g l y  S

magnet ic rocks of crystal basement. At large removal/distance

from shore, where the depths of sea reach 3000—3500 rn the

alternating/variable character of field, apparently, has

commun ica t ion/conn ect ion wi th the issuing from un d erwa ter

la was.

Page 20.

The greatest brokenness of magnetic field (it is more

than  2000 y) is observed along coast of east a n t ar c t i c a

b tween sta tions M i r n y y  an d Lazarev.  This is pa r t l y

explained by th. low height of photographing and by the S

small depth of sea at the shore. The cut character of

f i e ld with considera ble ampl it u des test if i e s  to

ap proach/approximat ion  to the t opog raphic surface of the

rock/species of Archean metamorphic complex. Alternating

magnetic field w ith ampl i t udes  f r o m  200 to 1000 y is

recorded on m ar i t i m e  routes to nor th  f rom stat ion Laza rev. S

Hy drom agne t i c  photographing  at Scotia Sea revea l ed the

S ~~~~~~~~~~ ~~~~~~~~~~ 
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high a b n o r m a l i t y  of Sout h Georgia Islands, South S a n d w i c h

Islands, Sout h Orkney. In Drak e Strait , typical magnetic

anomalies hate a direction east— west, i.e., they coincide

with the directions of basic geologic structures. Data of

magnetic surve y indicate the block structure of the uppe r

part  of t h e  ea r t h’ s crust.

The profiles, whic h intersect so uth  ocean from shores

of antarctica to the continents of Africa , to Australia and

between the latter show the following character of magnetic

field.. The ocean basins w i t h  d e p t h s  4000 —5 000 m a r e

characterized by alternating magnetic field with anomalies

4(200— 300) y. Above mid—oceanic ridges anomalous magnetic field

has sharply alternating/variable cha racter, the values of

anomal ies  in r i f t  zones t h e y  reach t l000y.

The zones of junction from ocea n to  con t inen t s  are

characterized also bY sharply alternating magnetic field with

the amplitude of anomalies .(S00—1000) y. This is explained

by app roach/ approx ima t ion  to the  topographic  sur face  of

•agnetically active bodies.

It should be noted that the report of geophysical

investigat ions enumerated above by no •eans does comple tely

5 S~~~~~5 5 SS ~~~~~ 5~~~~ S 5 : =~-55.~--5~— ~~~~~~~~~ 
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encompass al l  works ,  which  were bein g conducted in south

ocea n and the limb zone of antarctica. On many works are

given very  short repor t/ communica t ions .  So, we a l m o s t  no th ing

know abou t the  resul ts  of invest igat ioas , which  were  be ing 5

conducted by America n maritime antarctic expeditions. From 
S

J u l y 1962 through May 1966, the research vessel “Eltanin ”

completed 23 floatings in the Pacific Ocean sector of the

antarct ic. The ma in regions of inves t iga t ions  were Scot ia

Sea , Drake  S t r a i t  and  water  of the  south  ocean betwee n New

Zealand and Chile. Aboard of vessel, were conducted seismic, 5

magnetometric, gravimetric and geologic investigations, the

measurements  of heat f l u x , the pho tograph ing  of the sea

bot tom and m a n y  other inves t iga t ions  (Sandve d , 1966)

U n f o r tu n at e ly .  t he  r esul ts  of these work s  are not publ ished.

As ~.ncerns geophysical inv est igat ions in the l i m b zone

of antarc ica, then their results ha ve presented in

sufficient detail we in the wor k “earth’s crust of the S

limb zone of antarctica” (systems, etc., 1967). As concerns

later works, about them it is deScribed in A. P. Kapitsy ’s

work “under—ice relief of antarctica” (1968).

Data presented above on the study of south o:ean and 
S

the li.b zone of antarctica show that this stud y stil l is
x tS r e : :~~’j v  Lnsdf l’jCjeflt.
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A very  small  quan t it y of  seismic cut/sect ions to S

Nohorovicic’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 an d u pper man tle of this region of  terres tial

globe. Th erefore judgmen t  about power/thickness and  s t ruc ture

of the earth’s crus t of antarc t ica  is necessary to ma ke

only on the basis of indirect method s. Is related the
S gravimetr ic  me thod .  The anomalies of the force of gravi ty

will contain s uf f i c i e nt  in fo rmat ion  in order to dra w

common/gen eral/total  conclusions about power/thickness and some

lines of the s t ruc tu re  of the earth’ s crust and u pper

mant le, to ob ta in  the representation of depth and  character

of the basic bed of glaciers and to evaluate the isostatic

state of region being investigated.

On the  strengt h of the special feature/peculiar i t ies  of

the structure of the sixt h continent (g laciation) , and also

the special feature/peculiarities of method itself (mobility.

transporta bilit y, cheapness, etc.) the grav imetr ic  m e t h o d  has 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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especially important value during the stud y of the

antarct ic.

_ _ _ _  -5 -5 - -
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Chapter  XI .

G R A Y I M E T R I C  I N V E S T I G A T I O N S  IN TH ~ SOUTH OCEAN A N D  THE

A N T A R C T I C

M ar i t im e  gr av i r n e t r i c  work s of the  moscow state u n i v e r s i t y  in

- 
the south ocean and t h e  An ta rc t i c .

Long t ime t h e  product ion of g rav irne t r i c  ob sezv ~~t ions  a t

sea was considered impossible  as a r esu l t  of the

considerable e f f e c t  of s lope/ inc l ina t ions  and acce lera t ion ,

created d u r i n g  t h e  motion of s h i p  Under  the  ac t ion/ef fect

of agit at ion. These e f fec ts  reach 100000 Pgal (acceler a t ion

d u r i n g  wh ich are possib le the  m a r i t im e  gr a v i m et r i c

measurements) , w h i l e  most measured  va lue  Ag composes se vera l

ag al or dozen mgal. Moreover value Ag must be measured 
S

with accuracy on the  order of ± 1 agal. S

_ _ _  - - 5 - —~~~-~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Only  in the  b e g i n n i n g  of the  20’s of our ~~ n t u r y  F.

Ve flifl g—Me ine Sz developed t h e  p e n d u l u m  me thod  of th e

ob ser v a t i o n  of t h e  force  of g r a v i t y  at sea. He f o u n d  the

methods e x c e p t i o n/ e l i m i n a t i o n  and account  of t h o  e f f e c t of

the  d i f t er e n t  p er t u r b a t i o n  accelerat ion a n d  c rea ted  the

special t y p e  of p e n d u l u m  i n s t r u m e n t  for  m a r i t i m e

ob servations.  D u r i n g  1923— 1930 V e n i n g — M e i n e s z  was conduc ted

severa l  u n d e r w a t e r  g r a v i m e t r i c  expedi t ions on t h e  w a t e r  areas

of At lan t ic and I n d i a n  Oceans , in i n l a n d  and r e d d er  seas

and in water of seas , wash ing  t h e  i s land of Indones ia.

A f t er the  p u b l i c a t i o n  of V e n i n t j — M e i n e s z ’s  m e t h o d , t h e

professor of the as t ronom ical i n s t i t u t e  of Moscow U n i v e r s i t y

L. V. So rok in  i m m e d i a t e l y  ( i n t o  1928) began to d~ v elop

maritime gravimetric works in the USSR. He designed pe n d u l u m

gr a v i m e t e r  for  o b s e r v a t i o n s  aboard  shi p. The f i rst ex p e r i m e n t

floating on the submarine took place into 1930 in black

sea.

The subsequent  f lo a t i n g s  were  conducted by I.. V.

Sorokin  i n  black sea in 1933 , 1934 and 1935. In a l l  in

black sea were d e t e r m i n e d  more t h a n  120 g rav i m e t r ic  points.

— S - - ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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Then L. V.. Sorok in  completed t h e  task regard ing

grav i t at iona l force  on the w a t e r  a reas  of the Sea of Japan

and Sea of Okh o t sk .  Ph o t o g r a p h i n g  was carr ied out  in summer

of 1937. In  th i s  e x p e d i t i o n  w e r e  d e t er m i n e d  170 gr a v i m e t r i c
S 

points.

Vo yag es of L. V. Sorok in were  the f i r s t  step~~pi t ches

in the investigation of the force of gravity at sea when

was tested e q u i p m e n t  and were s tudied cond i t ions  a r i d  ve ry

poss ib ili ty  of s uch observat ions .  However , n a r r o w e r  these

f irs t  m e a s u r e m e n t s  were carried out s u f f i c i e n t l y  accur ately.

The comp ar ison of the prewar measurements of L. V, Sorokin

with contemporary  da ta  showed tha t  p h o t o g r a p h i n g ,  w h i c h was

being con ducted by L. V. Sorokin, does not have systematic

errors and is :harac ter ized  by r andom rus  error of ± 10

S agal (Stroyev , 1969 ; Stroyev , N a rkov,  1969) .

S Page 23.

Th us, we now can w i t h  con fidence say t h a t  the U S S R ’ S  f i r s t

measurements  of the force of g r a v i t y  at sea w h i c h  were

est imated as ver y r o u g h  and c o m p l e t e l y  we re d i s r ega r d e d , in

its accur ac y wer e close to c o n t e mp o r a r y  d et er m i na t i o n s  and

are complet ely  su i t ab l e  for the i r  u t i l i z a t i o n  in pract ica l
t ar ~~’t /purposes .

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~— - ~- T:---— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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After the first works of F. Vening—Neinesz and L V

Sorokin i n t o 1937 K. Brow n ex pr essed c r i t i ca l  o b s e r v a t i o n s
S apropos of  t h e  t h e o r y  of m a r i t i m e  p e n d u l u m  m e a s u r e m e n t s .  I t

sho wed t h a t  the p er t u r b a t i o n  accel e ra t i on  of the s q uar e

s i g n i f i c a n t l y  a f f e c t s p e n d u l u m  m e a s u r e m e n t s .  I t  wa s  necessar y

to develop theory . to find the methods recording m d

S account of these acceleration. In the USSR Brown ’s theory

S was perceived ~;O Seriously t h a t  A l l — U n i o n  g r a v i m e t r i c

cOnference 1940 was recommended to r e s t r a i n  f r o m  t h e

meas u r e m en t s  of t h e  force  of g r a v i t y  a t  sea to t h e

c reat i cn  of equi pmen t  for  t h e  m e a s u r e m e n t  of 5lop Cs an d

accelerat ion, a c t i n g  on p e n d u l u m  g tav i m et er  und er  m a r i t i m e

conditions.

Worl.1 War  Xl 1941—1945 stopped these works. A fter war

Professor Sorokin continued investigat ions in the re~jion of

maritime grav imetry . In 1947 he headed expedition in the

Barents Sea.

In 1936 L. V. Sorokin t o g e t h e r  w i t h V. V. F e d y n s k i y

cond ucted the USS R ’S f i r s t  e x p e r i m e n t  in the  ob s e r v a t i o n s  on

p e n d u l u m  j r av i aet er  aboard  s u r fac e  shi p. A f t e r  w a r  these  S

- — ---5 — — ~~~~~~~~~~~~~~
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e x p e r i m e n t a l  works  were  cont inued.  Once in to  1953— 1954 , in

expedit ion of ~~ U ( Moscow St at e  U n i v e r s i t y )  on researc h shi p

W V it y a z l I~ to p e n d u l u m  g r a v i m e t e r  was  adap ted  l o n g— p e r i o d

pend u l u m  for  r e cC rd i f l y of hor i zonta l  accelerat ion.  H owever ,

as a who le wor k in  the  reg ion  of m a r i t i m e  p e n d u l u m

4 observations was developed w e a k l y .  It bore acc iden ta l

charac ter, since there was an opinio n about the insufficient

urgenc y of m a r i t i m e  gr a v im et r i c  measurements .

S to 1955 position sharp ly it changed.  On t he  eve of

S I geophY sica l  year  into GA ISh was organized the

cons t an t ly  ac t ing  m a r i t i m e  g r a v i m e t r i c  exped i t ion  ( Gr u sb i n s k i y .

1967). The scientific leaders ot this exped it i on  a re  V. V.

S P yask y and N. P. Grushins kiy. Basic prcblem of the

graviaetric expe~~ition of GA I Sh — research on t h e

S gravitationa l fi~ ld of wor ld  ocean a n d  an t a r c t i c .

The f i r s t  gr a v i m e t r i c  expedition into the antarct ic was

organized int o 1954 on the i n i t i a t i v e  of V . V.. F ed y n s ki y .

We re conducted i n c i d e n t a l  m e a s u r e m e n t s  aboard th~ f a c t o r y
I sh ip  N Slava N and on t anker  “Ap sheron ”. Expedi t ion  had  m a i n l y

systemat ic problems. A c t u a l l y  t h i s  was Sovie t j r a v i m et r i c

a n a l y s t s’s quite f i r s t  outcro p i n to  wor ld  ocean.

S --S --.
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Obser vations were conducted by two pendulum gra vime ters.

Recordings of t h e  pertur bation acceler ation were not

conducted, but t h e  e f f ec t of the lat ter  was e s t imated

S according to the f l u c t u a t i o n s  of the m a r k s  per sec ond on S

the recording of swings of the pend ulum. Therefore

photographing on “Slava” has, with perturbation accelera tion,

systematic errors on the order of +20  mgal  and r andom

errors ±16 mgal. Nevertheless the expedition, wh ich carrie d

out of 75 gravimetric points in Atlantic Ocean and

especiall y j fl i ts  sout h part , had large value.

S Page 214.

Gravimetric measurements would allow at least in the first

lines to present the character of the gravitational field

of this in su f f i:i en tly  studied wate r  area. Besides the

significance of the •ost obtained mater ia l ,  the expedi t ion

acquired work experience in antarctic waters and determined

the main direction of the improvement  of e q u i p m e n t  and

measuremen t procedure.

S In 1955 to the Antarct ic  went the  f i rs t  Sovie t

antarct ic  expedition. Aboard the d iesel—electric ship  wOb e N

was located gravimet r ic  branch of the GA IS h which made the

A 
_ _ _ _ _
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measur emen ts of gravitat ional force according to the pl an

for the expedi t ion  of t h i s  vessel. In this expedition for

the first time in the practice of Soviet maritime

g r av i m e t r i c  works  were  appl ied the  accelerometers  f o r  S

recording of the perturbation acceleration (unit RNVU) , and

was also used crystal oscillator for timing on the

recording of swings of 9the pendulum. in 1st SAE were for

the  f i r s t  t ime  o b t a i n e d  da ta  on the  g r a v i t a t i o n a l  f i e ld  of

t h e  coast al zone of the Indian sector of the antarctic.

Gravi metric analysts of GA I S h  in 2nd SAE in  19 56— 19~ 7

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 wera carried

out at coasts on Queen Maud Land , the Dav is sea, whe re it

is determined about 80 gravimet r ic points.

Naritime gravimetric measurements in 2nd SAF to a

considerab le degree differed from preceding/previous. For this

expe dition spec ia ll y is prepared maritime pendulum gravimete r.

Instrument was supplied by slow pendulums and vertica l

accelerome ter. Here were for the first time applied the

quar tz pendulums, designed and pre pared in TsNIIG&iK (Central

Scientific Institute of Geodesy, Aerial Surveyin g and

—_ 55 _ S~~~~ S~5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ S S~~~~f -~~~ ~~~~~~~~~~~~~~~~~
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Cartography] .  Were here applied fo r  the f i rs t  t ime  the

special q u a r t z  c locks. Constructed into GAISh.  The

appl ication/use ~ f these hours made it possible to

completely exclude er ror  for  clock rate .  On the  basis of

theoretica l prerequisite/premises an d  exp e r imen t  in t he

preced ing/ previous expedit ions, was appl ied  the  new procedure

of observ at ions. Its basic cell/elements consisted i n  t he

sharp lim itation of condi t ions, w i t h  wh i c h  were conducted

the observations. In this  expedi t ion fo r  the first time in

the practice of above—water observations was appliel the

ma ri t ime s t rong ly—damped  g rav ime te r  of VN l lGeof i z ik a .  To these

was placed the beginning  of the  combined u t i l i z a t i o n  of

maritime grav imet ers and pendu lum gra wimeters.

In 3rd SAE in 1957—1958 , m a r i t i m e  gr a v i n e t e r  b ranch  of S

GAISh carried out  the  considerable v o l u m e  of work  in the

east par t of the  Ind ian  sector and  in the Paci f i:  Ocean 
S

sector of south ocean. In this expedition maritime S

gravime ter was utilized narrower as service instrument. 
S

Pe nd ulum points served as support ing/r eference.  This

expeditio n introd uced the classification of maritime points

accord ing to work conditions , a ft e r  d iv id ing  points in the

ice and mar i t ime , obtained d u r i n g  d i f f e r e n t  sea r a t ings.

Fu r ther  points t hey bega n to es t imate  on categories.
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All the subsequent expedit ions impr oved the q u a l i t y  of

the  wor k with t h e  way of the impro v em ent  of a p p a ra t u s  and S

.

proced ure.
S
l
~

S
~~~ 

1S~

Page 25. 
5

Th is involved reduct ion in the total n u mb e r  of measured  S

points, then  it sharp ly  improved the i r  qua l i ty.  The accuracy

of the de t e rmina t i ons  of the  g r av i t a t i ona l  force increa sed S

S 

almost double. 
S

In 1959—1 960 in the composition 5th ShE on

diesel—electric ship  “Ob’” gravimet r ic branch of GU Sh

ca rried out the measurements  of t he  gravi ta t ional  force in

the Atlantic and Pacific Ocean sectors of the an t a rctic.

The deter mi nation s of the grav it at icual force are carried

out by pendulum gravimeters  and damp ed gravimeters  in 131

points.

S In 1960—1961 grav imet r ic  analys ts  of GUSh in the

composition 6th ShE were condu ct ed t he  measurements  of the S

S grav itational force of shelf glaciers and in the 
S

-- -
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c i rcuml i t to ral pa rt of the Ind ian  sector of an ta r :t i c

com tiaent. Voyage in ice condi t ioned small  values and  a

good recording of the  pe r tu rba t ion  acceleration. Exped i t i on

shoved that in antarctic water on su r face  vessel i n  the  S

ab sence or the low value of the  p er tu rba t ion  accelerat ion

can be reach ed the high accuracy of g rav ime t r i c  measu remen t s

(t~ •gal) . The work 6th S h E  cons iderably perfected the

pr ocedure of processing the resul ts  of pend ulum

determinat ions ( i n t roduc t ion  of corrections for a m p l i t u d e , for

acceleration). S

In 7th ShE g rav ime t r i c  branch of GAISh carr ied out  the

measur ements  of the g rav i t a t i ona l  force in 52 m a r i t i m e

points in the I ndian sector of the antarc t ic .  This

expedit ion created s t rong point on Ender by Land (Mol odezhna ya
S Sta.). The mater ia ls  of combined pendulu m and g r av ime t r i c
- 

observations made it possible to develcp the proced ure of

the treatment of the observations of damped gravimeters. Was S

applied the procedure of value determination of the cr eeping

of null  point and s tandard iz ing  of gravimeters  f r o m  t he

pe nd ul um observations, combined wit h g r av im e t ri c  ones.

8th Soviet antarc t ic  expedi t ion on diesel—electr ic ship

“Ob’” in 1962—1963 con centrated its work in regions of

S S - S ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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Soviet st at ions Lazar ev , f lo lodezhnaya. N i r n y y .  Was here

carried out several  dozens of m a r i t i m e  grav imet r ic points.

Ho wever , the  more i m p o r t a n t  resul t  of these work was the

measurement  of t h e  g r a v i t a t i o n a l  force  in l a t i t udes  “h o w l i n g

40’s” and “r a g i n g  SO ’ s” on the w a y  f r o m  Ca pe town to N i r n y y

(Fig . 5). These are  and t h us  f a r  only  this  r eg ion ’s f i r s t

gravimetric measurements.

In 8th ShE for the  f i r s t  t i m e  in the  a n t a r c t ic were

ca rried out  the  tests of s t r ing  grav ime ter, which  showed

that this instrument is comp letely suitable for the

measurement of the gravitationa l force wi th  f l o a t in g  in

south ocean and wate r  of the an tarc t ic .  A d v a n t a g e  and the

great adv antage of string gravimeter is the absence of the

cree pi ng of the null point of the system of gravimeter.

The g r av i m e t r i c  branch of GA I Sh , w h i c h  took pa rt in

9th voyage of d iesel—electric ship “Ob ’” into the  an ta rc t i c,

continued the measu remen t s  of the  g r a v i t a t i o n a l for:e  in  the

Ind ian  sector of t h e  antarct ic .  Exped i t i on  solved t h e  number

of questions of the improvement  of the procedure ~ f

mar i t ime  g r a v i m e t r i c  measurements .  This of the  problem of

st andardiz in g and d e t e r m i n i n g  the t ime cons tant  of

gr avimeters .

— - 
S 

~~~~~~~~~~~~~~~~~~~~~~~~~
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Page 26.

Damped gravimeters of the type S3—VNIlGeofizika must be

standard ized in the working range, since their scale

divisions may be nonlinear. Gravimeters intended for

m asureaent of the force of gravity in the Antarctic must

be standardized at a point with latitud e of 60—65°.

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - -
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Pig.. 5. Se t — u p  of g r a V im e t r i c  ex per iments  of G A I S h  in south

ocean and antarctic. Compiled by P. A. Stroyev. 1 —

observat ion stations; 2 — area photographings.
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Key: (1). Africa . (2). South America. (3). Antarct ica. (4).

Australi a , (5). New Zealand.

Page 27.

Therefore the 9 t h  Sh E was the  first to ex periment with

standardiz ing of instruments in region of operations , on

Antarctic shore. Investigations are carried out in

observator y peaceful on supporting/reference gravimetric point

— in space pavi l ion .  The scale v a l u e  of i n s t r u m e n t s  was

determined by the method of slope/inclination on

p la t e/p l a t fo rm.  Were  t he re  de t e rmined  t ime cons tan t s  of

gravimeters.

The last/ lat ter  work of the  g rav ime tr i c  ana lys t s of

GAISh in the antarctic were carried out in the period of

floating on scientific research vessel “professor Zubov”

during December 1968; March 1969 gravimetric investigations

were conducted in the Indian and Atlantic sectors of the

south ocean and antarctics. The measurements of the

gravi t at ional force were carried out  w i th  the  aid of

pe nd ul um g rav i .ete r , damped gravi.eter, and also the maritime

automated gravimeter ANG— M of the construction of GAISh

S S~~~~~~~~~~ -~~~~~~~ -— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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(Pante]eyev , etc. 1967). This is Scviet gravimetric

analysts’s first experiment in the utiliza tion of a maritime

gravi.eter ot~ the continuous record ing of the gra vitational

force in motion of vessel in t h e  a n t a r c t ic. In t h i s

expedition was carried out several thousands of kilometers

cf profiles with the measurement of the force of gravity.

Circum littoral and land gravimetric work of GAISh in a limb

zone of antarctica.

By the first work of GAIS h on neve and land ice, and

also on the ver y continent Of Antarctica one should

S consider the p e n d u l u m  and g r a v i met r i c  d e f i n i t i o n s, ta r r i ed

ou t by maritime branch on diesel—electric ship “Len a” into

1956—1957 (Zommer , Gaynan ov , 1961). For this expedit ion it

wa s possible to c a r r y  out f o u r  p e n d u l u m  points:  one poin t

S — at station iirnyy, two points — in S a n d e f j or d  Bay ,  one
S 

point — in Edward VIII Bay.

Pendulum observat ions are  carried out on f o u r - p e n d u l u m

holder of the construction of GAISh wit h two assemblies of

bronze  pendulums, two integra l resistance thermometers and

S — -5 ——-  -5- — -  —~- ---- -— -5—..~ 
—~~~
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two contact chronometers .  The most i m p o r t a n t  v a l u e  has t h e

de t er m i n a t i o n  of the gr av it at ional force at M i r n y y  sta . —

t he  center of Soviet antarctic expeditions. This point

bicame the stron g point of all ScViet gravimetric

de t e rmina t i ons  in an t a r c t i ca .

Besides p e n i u l u m  points , by t h e  order it is d e t e r m i n e d

20 g r av ime t r i c  ( G A K — 3 N ) points.  Po in t s  are a r r a n g e/ l o c a t e d  on

the Amery Ice Shelf (8 po in t s ) ,  in E d w a r d  VI I I  B ay  (6
4

Points) ,  and also on t h e  Kemp Coast (6 po ints) 0 I t  should

be noted t h a t  t h i s  were the f i r s t  Scvie t  land

determinations in antarctica .

In 1957— 1958 g r av i m e t r i c  b r a n c h  of GA I Sh  c a r r i e d  out on

S con t inen t  and glac iers  of 110 points..  Coastal p h o t o g r a p h i n g

was carried out on three  sections. on the  f i r s t  sect ion by

the e x ten t  more t h a n  1000 km ( f r o m  Leopold and A s t r i d

Coast to Knox Coast) was carried out 70 g r a v im e t r i c  point s,

on the  s econ d sect ion (Sabr ina  Coa st and B anzar e  Coast ) —

15 points , on t he  t h i r d  (George V Coast and  Oates  Coast)

— 25 points.

S Page 28.
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Measurements wera conducted by gravimeters GAK—JM with the

ro ot— me an— square e r ro r  of anomal i e s  +3 mgal.

This same b y ex p e d i t i o n  were  carr ied  out t w o  la nd

Pendulum points: at Nirnyy Sta., anot her — on George V

Coast. At M i r n y y  ar e  carr ied out the  obse rva t ions  accord ing

to the progra .  of poin ts  I and  of S . I~~ classes.

The GAISh branch of the 5th SAE into 1959—1960

continued the land determinat ions of the gravitational force

in antarctic coast. Pendulum observations were carried out

at Mirnyy Sta. and in the Wohlthat Pits . in Queen Maud

Lan d. gravimetric observations with the GAK—3 M — at the

showa and NawSon Stations, in Wohlthat Mts., and also on

shelf glacier of station Lazarev. Observations on Lazarev

Glacier 129 points) were carr ied out on the  r eques t  of the

•anage.ent/aanual of expedition icr determining the depths of

unde r— ice rel ief .  The results of m e a s u r e m e n t s and

calculations of the depths of the basic ted of glacie r

showed that under station Laza rev is located deep depr ession

of the sea bottom (Fig. 6). The depth of sea here is 700

m an d more. The edge of the glacier on which is

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

“f loa t”  and can be detached a w a y  f rom t h e

- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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common/general/total mass of glacier.

In 1960 station Lazarev was enclosed, instead of it

organized new wintering is a staticn Novolazarevskaya,

arranged/located on the bedrocks of Shirmacher 3asis 80 km

of  shor e of sea.

The gravimetric I’:anch of GAISh of 7th SAE into

1961—1962 together b~~th the coworker of geologic orde r s.

A. Ushakov conducted land grav imet ric measurements in the

western par t of Enderby Land . For conducting photograp hing,

is carried out the determination of strong point on

continent. For this, aboard diesel—electric ship “Ob’” in

pa rking are a was carried out the observation of pe ndulum

point according to the progra m of mar itime strong point.

Then with the aid of gravimeter GAK— 3P1 three voyages on

aircraft prod uced the transmission of the gravitationa l force

in shore — to moraine (basis of the geologic order). From

this point is :arried out gravimetric photographing on

aircraft in region of the work of geologic order. In all

it was made 26 points, including supporting/referefl:e

range/poly gon f r o m  6 points at station Molodezhnaya, on

wh ich leans entire/all photographing in region ot Enderby

Land.

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Land wor k on Enderby Land were continued by the branch

Of GAISh in 8th SAE into 1962—1963. Observations are 
S

ca rried 0ut with gravimeters OAK—3M in 47 points in region

Of Scott. Tula , and Napier Mts., Sim mers Peaks, and in

interior of Enderby Land. The root—mean—square error of

an omalies is +3.5 mgal. This same by exped ition station

No lodezhnaya was connected with reference point — station

Mirnyy.

Besides graviaetric observations on the ver y continent

of an tarc tica, exped ition of GAISh carried out the

observations in the numer ous por ts of  Europe , A f r i c a , Ada ,

America, Australia , and alsc on the islands of At l an t i c ,

S 
I n dian, Pacific and south Oceans.

Pa ge 29.

Commo n/general/total results of gravimetric expedition s of

GAISh in a south ocean and an antarctic.
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S Dur ing  period f ro .  1954 on 1969, the State  A s tr o n o m i c a l
Ins t itu te  im. P. K. Sternberg was car r ied  out 11
expeditions in to  the an ta rc t i c  and t h e  sout h ocean.

L
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Fig. 6. Circ uit of under—ice relief in region of station

Lazarev accordin; to gravimetric data (according to A. I.

~roloV , 196 3) .

Key: (1). L azar ev  Ice shel f .  (2) .  Lazarev.  (3).  L an i n g r a d

Bay. ~~ •S 5~
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Pa9es 30 and 31..

Table 1. Report of gravimetric measurements of G A I S h  i n  t h e

antarctic.

Ha y ____ 

~~~~~~~~~ ~~e
3~cn.rnism ~ ronbi Cyn~o Y’iacriirn Mawr— Cp.ka. rp .~ — CP.II B. Mawr- Cp.ae. r~~N- Cp.~a.

pelCe ~~ CN nIU1~ NbkO— ~~~.6— ~ wr- OWR6— H~ KO— ow~6 MeTpo— owwSka ,(. I 1~hIe ~a, pO~ w E~ aft , ~bIO R a, BbIO Mm
fly HK— MI~n flyH~ — Mm n~H~— M1’n nyH K—

_ _ _ _ _ _ _  ______  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ Tb& (’l ()~~ mt~ ()~~ 
Tb4()~~ ()~ Th~~ 

(
~D

KII-io~5oAHa4)854—l955 ‘ALepoK ” , A.r.raR~~Io~,(j a) 75 ±i8” I — — — - - -
CJ8~a’~~3) E.fl.KOpIIK ISH IJ~I~

14~J CA3 1955— 1956 ~O6b’(~~) A.r.ra~HaHoB,6.~) 39 ±9 — — — — —
EJLK opmuI H ~4
C.A.YwaKoa (!~

, 
~

2-~~~A3 1958-1957 “O6b’(~3) H .f l .F pyw cxM1~~~3 ±10 (Q ±10 - - - -
B.A.rnenyx .(tc~ç
fl.A.Crpoes( Y~H.A.En~w i (,,~ô)

2—~~CA3 1956- 1957 ‘JI e~a’(~~I) M.3.3oMMep,(~~~)
B.H.KopAceB, (

~~~~
‘
~

H.H.ro a~~~~~’~- - 17 tIS 4 ±2 20 ±3,2
3L~~CA3 1957-1958 06i (ii) A.H.ponoB,~,5) 95 ±~0 - - 2 ±2 05 ±3,7

B.H.Kop*es, 5

E JLKop.iinu ‘~

~~ C.A.Ywa~os
5-p CA3 1969-1960 06i’ ~.)�) A.II.$ponosJ~J 19 ±6,3 78 ±9,0 2 ±2 ~~~ ±3

- E.fl.Kopmcm,(~)
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6-tCA3 1960-1961 ‘OSii ’€) fl.A.C~po..,
(
~
) 61 ±35~ 44 ±3,8 - - 2 ±1,5

B.H.Koano.~3’.~S B.C.Cln~axoB(~~ -

7~~~CA3 1961-1962 ‘06b’€) 8.A.rn~~ym ,(~ ) 19 ±4,5 33 ±6,0 - - 26 ±3
IO.B.Ec6poa (~1)

84~’CA3 1962-1963 ‘06b €) E.LL.Kopwin ,43) 18 ±4,3 61 ±9,0 - - 51 ±3,5
A.B.CTaKno

9~~
’CA3 1963-1964 “O6b4~

) H.H.Kanuosa,~~C’
~ 10 ±2,8””” 74 ±8,5 - - 3 ±2

A.C.Kya,Mu,x , (si)
~1O.fl.H3MaInoa ?.)

14~~CA3 1968-1969 “1Ipo4.~~~
’E.fl.KopaKRm , 18 ±(3...7) 6000 ±(3-1~V’”

_ 
- 1 ±3

3y6oB’ A.H. pono~, c MHflb~~~~)IO.B.Bo6po~ g ~enpe-
PM~ HOR
3anRcII
n o 9

.

I 
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Key : (1). Expedition . (2). Years of voyage . (3). Vessel.

(4) .  Participants of expedition. 15). At sea. (6) . On

continent. (7). Pendulum points. (8) . B M S , ragal.  (9 ) .

Gravisetric points. (10). Whaling expedition. (11). “Apsheron ”

(12). A. G. Gaynanov. (13). “Slava”  (14).  Ye. D. Koryakin .  S

(15) . “Ob’” ( 16) . S. A. (Jshakov. (17) . N. P. Grushinskiy. S

( 18) . V. A. Gladun.  (19) . P. A. Stroye v. (20) . 1. A.

Yepishin. (21) . “Lena ” (22) . 1. Y e. Zoamer.  (23). V. N.

Rorzhev. (24) . 1. N. Gonch arov. (25). A. I. Frolov . (26) .

8... I. Kozlov. (27) . V. S. Simakow .  (28) . !u. V. Bobrov .

(29) . A. V. Staklo. (30). 1. N. Kaptsova. (31). A. S.

Kuz ’min ,  (32) . Vu .  P. Izmailov . (33) . “Prcf. Zubov ” (34) .

the •iles of cont inuous  recording according to 9 profiles.

FOOTNOTE ~~. Perturbation accelerations were not considered. S

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

~~. All pendulum points — mooring.

“ . Estimation of points is carried out differentiated
depending on value of perturbation acceleration (Ye. D.
Koryakin , maritime gravimetric measurements in 1~ th SAE ,
Info . Bull. SAE, 1970, No. 79) . ENDFOOTNOTE .
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Pages 32 and 33.

Table  2. Report  of the  measu remen t s  of the g r a v i t a t i o n a l

S force by the gr avimeters of YNIlGeofilika .

~~cn.nM— ronu Kcnorn.wr nb flpa6op Me-rojuska )Cpe~uiaa Cnoco6 oueH~ w KonII’~eCT—

I ‘~ p.6c7 ( CbOMKH IIBaAPaTM— 1OMHOCTN rp.— ~o nyH K ro~.

ç ~) Li-) ( a)) (s) ‘iec~~aa o,u.6- a~~e?pa onpeneneN-
S ‘- u, HNX

MOTDO~~~

2~~~CA3 1956—195? H.n.rpyuiaM cKsA, ~C3—t Iii repnonMw ou— ±10,5 ConocTa~~eHHe 81
fl.A.CTpoee (~~)) H8~ C~ eMlI & MP)I( — C M8~1THI4K(*bI-

fly MawrHrn(Oab’Mn NH Haf ~flIO~ eHHM—

fly uKTaMI(~0’) MH (
~~

t)

2~~~CA 3 1956-1957 L1.3.3oMMej&!)) C3-1 To ±13,0 ConocTaMneliHe 17
C ~ eperof ~WMH

nynK1-aMI(~ c~

SZiCA3 1957—1958 ~~~~~~~~~~~~ C3.-4 Ha5n~ aenn~i na ± (5 ,O~8,S) ConocTai~nenHe 95
M8WTHHKOhbIX C MawrHHKobbI —

nyHKTa x~~~
’
~ NH H86n nHa—

MM

S S~t CA3 1859—1960 A.I1.$ostoe(~~ C3—1 Ha5nloaeHM~l c ±(3,8_9,1) To 89
M&MTHHK O~ bL—
MM npI~6OPeMM&~

6~t~CA3 1960-1961 fl.A.Cipo..(j~~ C3-10 To ~~~~ ±(3,8...4,7) CxonHuocm Me M- 105
fly rp$BMMerpOI~bI-
MM N MawrHK koMw— 

~\MN Na6rnooesIuaMII(~ .0’

7-~~CA3 1961—1962 B.A.ritanyi4’~ C3-l0,C3—8 ±(4 ,2...6,o) To *e, nn~ c 52
cx onNMo(-m Me*—
fly rpa~ MMe?paMM k~

)
8.-a CA3 1962— 1963 E.fl.KopsnuiH(~3’

~ C3—I 0 ,C3—8 flpo4~iinH Th 11)4— ±9,0 CpaaneHHe c h ap— 70
AMftCK OM )~ Ar — TOl% aHOManHfl ~
J1aE?H’4OCKON Cr.O~SO~1HOM no uly—
ou(eaHax , 01)44— x e (~~~~ ?
p amw~ecw mi
onopnwe

9.-s CA3 1963— 1964 H.H.Kanuo~~,~ ’) C3— 10,C3—8 Ha6rnoneuHq c ±(5.9-8,7) Cpaa!~emIe e $4
MaarHHKo~biM, MiIpTO A aHo—
flpM6OpOM~4 1) M1V1I1~

l4~~ CA3 1968-1969 E.fl.Kopmój) Cfl(-5 To si.4~
)  ±(3...I0) Conoc~iiane~s,. 34

C M.W~MM*O.W—
MM H. IO1*.MM*MM4b

-~ 
—
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Key :  ( 1 . ~ 1~~ n . . . ) . ~x ’  ~ -~ or ~

(4). Instrument. (5). procedure of photographing. (S). The

root—.ean— square error, agal. (7). Nethod of estimating the

accuracy of gr av i m e t e r .  (8) . Q u a n t i t y  of points , d e t e r m i n e d

by gravimeter . (9). N. P. Grushinskiy . (10). Interpolation

photog ra phing bet ween pendu lum points.. (11). Com p ar i s o n  w i t h

pendulum obserVations. (12). P. A... Stroyev. (13). I. Ye.

Zo mmer . (14 ) .. The same.. (15). Comparison with coastal

p3ints. (16). A. I. ?rolov. (18). Observations with pe ndulum

gravimeters. (19). P. A. Stroyev.. 120). Ccnvergance bet ween

gravimeter and pendulum Observations. (21). V. A. Gladun .

(22). The Same, plus is convergence between gravimeters.

(23). E. D. Koryakin . (24). Profi les  in Ind ian  ani  Atlant ic

Oceans, which l9an on data points. C25) . Comparison with

t h e  map/ char t  of a n o m a l i e s  in  t ree  air.. (26) . I.  N.

Icaçtso va . ( 2 7 ) . Observa tions  w i t h  pendu lu m g r av i m e ter .  ( 2$) .

Comparison with the nap/chart of anoaalies.~

Page 34.

In all in these expeditions is carried out more than 1500

gravimetric de terminations with the accuracy of t h e  anomal i e s

of the gravitational force .(5— 10) mgal . Data of g r a v im e t r i c

m e a s u r e m e n t s, pr3 duced by GA I Sh  in an t ar c t ic e x p e d i t i o n s , a re  S

~ ~~~~ 
t~ 

~~ i~~l~.’ 1 t~ 1
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S As is evident , the maritime gravimetric investigations

of GAISh (see F ig. 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 w a y  the inves t iga ted  in

gravimetric sense region of the earth.

S Gra vimetric measurements in world ocean and the

antarctic, initiated on the eve of ZGV by GAISh are

continued and at present. Af te r  th is  t i m e  j S accumulated a

la rge exper iment  in the gravimetric investigations. The

expeditions of GA ISh conducted measurements of gravitational

forc e in the open ocean and outlying seas, in wa ter an d

in ice of the antarctic, on the neve and shelf ;laciers

cf antarc ti c coast , on continent itself to antarctica.

Gravjuetric work were conducted on the different types of

vesseLs of different tonnage. The measurements of the

gravitat ional force were carried ou t by pendulum g rav imeters

and the gravimeters of different types. There is

considerable interest in the app licat ion/use of grav imeters

for ~he measurement of the gravitational force aboard the 

-~~~~--~~~~~~—~~ - --~~~~~~——~~~~~~ - -.
~~~~~~~~~-----
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ship. The antarctic expeditions of GA ISb it gave “pass in

lif e” to the ma ri t ime damped g r av im e t er s  S 3— V N l l G e o f i z i k a .

This gravimete r was adopted as service instrument. Table 2

gives the repor t of the measu rements of the gravitational

force by the on boarci gravimeters of YNliGeofizika by the

expeditions of GUSh in Soviet antarctic expeditions.

In all in nine antarctic expediticns with the aid of

onboard graviseters is carried out more than 600 gravimetric

points whose accuracy corresponds tc the accuracy 3f
-4

pendulum determinations. The application,use ot gravimeters
S made it possible to substantiall y increase the prod uctivity

of gravimetric work on ships.

Gravimetric inves t igations in an antarctic of other Soviet

ex peditions.

First soviet area gravimetric photographing in coast of

antarct ic continent is carried out into 1956 by

geological—geophysical  order  1st SAE. A. IL Dorosin

determined 149 ;raviaetr ic  point s on islands, on fist ice

in region of observatory Mirnyy and in region of Bunger
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Oasii.. Measu remen t s  are carried out wit h gravimeters GA K—3 11

and SN— 3; the accuracy  of the determination of anomalies ~f2

gal.

In 2nd SAE into 1956—1958 in expedition enroute

Mirnyy—Koa somol’—Vostok, G. Ye. Lazarev carried out the

determinations of the gr avitat ional force with the aid of

gravimeters SN— 3 more than in 100 points. The h e i ;h t s  of

p c int s  a re  de t e rmined  by barometric leveling.

Pa ge 35.

The error s in separate points are possible to 100 a; the

average error of heights, apparently, about ~~~ a. Therefore

the errors of the anomalies of the force of gravity exceed

±10 mgal .

In 3rd SAE into 1957—1959 along route

Nirnyy—Kosso.ol’skaya—Yostok and Komsomol’skaya—Pole of

luaccessibility Vu. N. Avsyuk determined 88 gravimetric

points. The heig hts of points are obtained accordin g to

data of aerobarometric leveling with mean error ±20 m. The

root—mea n— square error of the determination of the force of

gravity is estimated in +2 mgal.
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X n  4th  SAE i n to  1958—1960 along route

N i r n y y — K o m somol ’skaya by S. N. Shcheqlov were  c a r r i e d  out

gravi.etric determinations in 72 points. Were utilized three

gr aVimete r s  SN— 3. A c c u r a c y  of the de t e r m i n a t i o n  ~t the force

of gra vity of approximatel y t2 •gal. For the first time in S

the a n t a r c t i c  in t h i s  expedition , was app l i ed  geodetic

method for determining the h e i g h t s  of po in ts .  Resul ts are

est imated a t  e r ror  j~(2— .3) a. In t his s am e  period in to  S

1958—1959 in com position 4th SAE the order of the Institute

of Physic s of t h e  E a r t h  of t h e  AS USS R ( leader  of order

Vu.  P. I zm a i l o v )  conducted m a r i t i m e  g r a v im e t r i c

determinations. In all in the antarctic is carried out more

than 60 points, of thea 44 points it is determ ined with

the aid of maritime gravimeters GAL, 16 points determined

with pend ul um gravimeter . On 7 point s arc carried out

combined pendulu m and gravimetr ic obse rvaticns.

On n eve  ice it is de t e rmined  of 7 p oints  w i t h

~ravi .ste r SN— 3. The accuracy ot d et e r m i n a t io n  is

characteri zed by folio-wing by the r o o t — m e a n — s q u a r e  e r ro r s :

; . . n i a t u a  m ooring poin ts  ±2 m g a l , ice t~ agal , m a r i t i m e

.
~~

•
~
— l è ..jal.

~ 
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In 1960—1961 by orders 5th SAE were carried ~ut the

determinations of the gravitational, force on Vest Ice Shelf

(93 pOints), on Pobeda Is. (20 points) , cn route
S llirnyy—Komsomol’skaya—Vostok (86 points). Observations are

carried out by V. B Tsukernjk and America n ge3physicist H.

Duart with GAK—3M and Worden gravimeters .. The accuracy of

the de te rmina t ion  of the force of g r a v i t y  t a k i n g  i n t o

account all errors is eva luated a t  t(1— 2) tagal. F3r

determinin g the heights, was applied the barometric leveling.

f This same by expedition on the Lazarev Ice Shelf and in

coast in region of the Shirmacher Oasis it is carried out

of 224 points (L. I. Boka nenko, P. Ye. Svetlayev) with the

aid of gravimeters SN— 3 and GAK—3N . The heights of points

were determined by barometric leveling, error in

determinat ion heights +~ 4—8) a. Entire/all photographing is

characterized by the RNS error of the anqmalies 3f the

force of gravity .-(3—5) agal.

The detailed gravimetric investigations of the western

part of Shackleton Ice Shelf are carried out by 6th SAE

into 1961—1962. The de t e rmina t ions  of the gr a v i t a t i o n a l force

(G. Ye. Lazarev) were conducted by two gravimeters GAK—3 N 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 5 - - - -  — - S - -S - -----—--- ~~S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and by two gravimeters SN— 3 . The he igh t s  of points  are 
S

determined by barometric leveling, error their ±5 a. In all

on the glacier it is carried out of 70 points w i t h  the S

S error in determination of the force of gravity about

•(1.5—2.0) agal. 
-

In 1964 seasonal composition 9th SAE carried out

expedition on route Vostok — Pole of Inaccessibility — S

~olodezhna ya. S

Page 36.

In the general complex of the geoph ysical works the

expedition carried out gravimetric measurements at 169 points

with a middle interval between point s approximately 20 km.

The coordinates of points were determine d b y astr3nomical

method (35 points) and wit h calculation of covered p a t h ,

the heights of points — by barometric leveling with a

middle interval between points 10 km. The error in

determinat ion of the heights of points, in t he  o p i n i o n  of

S. N. Bugayev, is j~18 km.

figures 7 gives the circuit of the  g r a v i m e t r i c  st ud y

of the continent of antarctica by Sovie t (besides GAISh)

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and foreign expaditions (intracontinental expeditions in the

di agram are  Show n not a l l ) .

a I
_ _ _ _ _ _ _

/
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4 
_________________ _________________________________

Fig.. 7. Se t — u p  of g r avime t r i c  exper iments  in antar : tiCa

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

A. StroYev. 1 - routes of foreign exFeditions; 2 — routes

cf Soviet expeditions; 3 — area photographings of fore ign

exped itions; 4 - area photograp hings at Soviet expeditions..
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Page 37 . S

Gravimetric investigations in a south ocean and an antarct ic

cf foreig n exped itions.

The foreign countries also introduced the considerable

contr ibut i on to research on the  grav i ta tional  f ield of the

antarctic. So, W estern antarctica is completely investigated

by foreign expeditions. Only into 1968—1969 GUSh conducted

gravimetric observations on Smi th  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  f i r s t  g r a v im e t r i c  fore i gn inves t iga t ions  in eas t

an tarctica, one should relate the route measurements of

Australian expedition on Mac—Robertscn Land. During 1957—1959

this expedition carried out two expeditions from Mmvson Sta.

to Prince Charles Mts. (73°S). The measurements of the

force of gravit y were carried out with the aid of the

Warden gravimeter of geodetic type throug h every 8-10 km of

expedition. The account of the creeping of null point was

achieved on control measurements on the way back and on

___ 
ii
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strong point at flawson Sta. In all on these two routes it

is carried out of 133 gravimetric points. Furthera~ re, in

su.aer 1958—1959 in the vicinities of Nawson Sta. was

d.pleted the range/polygon wher e it is determined 42

gravimetric points. Unfortun ately, dat a of these

determinat ions are published only in the form of

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

Wilkes Land Australian expedition into 1962 performed vast

gravimetri c in vestigations. In the vicinities of Wil kes Sta.

is carried out area photographing (26 points). From Wilkes

St a. to t he  east to the Totten Ice Shelf is car r ied  out

a 335— mile expedition in which it is determined 84

gravime tric points. Finally, is carrie d out route fr om

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

On this route is determined of 464 gravimetric poi nts with

average distance among the points of the less 3 miles. The

measuremen ts of the gravitational. fcr ce were determ i ned by

two Worden gravimeters , height — by b a r o m e t r i c  leve ling

(Walker, 1966).

By Japanese scientists is studie d region of antarctic

coast on the sh ore of prince Harold , of the station of

sowing.



S 

DOC • 78009702 PAGE U

In 1957—1959 Japanese geophysicists performed gravimetric

determinations at Shown Sta., on the Ongul Islands, and  on

many—year fast ice in Lue t sow— H ol a  Bay  (Harada  et a l.,

1963).. The measurements of the gravitational force are

ca rried out in 23 points  by t he  g rav ime ter  of W a r d e n  w i t h

the  accuracy of anomal i e s  + 10 agal. In 196 1 was developed

the route in Lu e t sow— H o l m Bay f rom Showa Sta. t o w a r d s  the

Riiser—Larsen peninsula. It is here determined 17 points

with error  in m e a s u r i n g  ±3. 5 agal.  Into  1959— 1961 Japanese S

scientists were conducted gravimetric determinations during

sleigh—tract or expeditio ns from Shova Sta. to Yamat3 lits.,

on Plidzuh o Plateau to 76° south lat itude , to shirase

Glacier. In all is travelled more than 2500 km; by this

method is de te rmined  about 150 g r a v ime t r i c  points  L Oura ,

- 1 
1965).

Page 38.

On Princess Ragnhild Coast Belgian expedition performed

gravi.etric survey  in Soer R o n d a n e  Nts. , and also on route

Boi Baudo in sta. — Soer Rondane Nts. All the obse rvations

in mountains are carried out on the bedrocks. Was utilized

the W or den gravimeter . In all it is determined about 40

çoints with  the error  of anomalies  ~ ( J —5 )  agal (Au tenboe r,
196 k ) .

S S -:~~~~~~~:~~~~~:~~~:::~~~~~~



-
~~~~~~~~~~~~~~~~~~

--- 
~~~~~~~~~~ ~~

-
~~-T :~~~~~~~~ ~~

DOC • 78001702 PIGE -~~~~~

All remaining wor k in east antarctica we re con ducted on

some roUtes with different density of the arrangement of 
S

S 

Foints. These are the  routes of the expedit ions: 1) Franc e

(1 957—1959) from Dumont d’Urville Sta. at 140° east

longi tude to Charcot Sta. on Adelie Land; 2) the USA

(1959—1960) from Dumont d’Urville Sta at 1390 east

1oagitu ~. to 71°5’ south latitude \
afld farther; one route to the

east to the point with coordinates 72°5’ south latitude
S and 1600 east longitude,

sad th second — to the south—east, throug h the mountain

sass to Ncllurdo Sta.; 3) the joint British—New—Zealand

5 expedIt ion , m a k i n g  gravimetric determinations on route from

South Ice Sta.. to Aaundsen—Scott Sta . and f u r t h e r  to Scot t

Sta. on Ross Ice shelf; 4) USA (1964—1966) from

Amu ndsen—Scott Sta.at the South Pole to the Pole of

Inaccessibility Eta. and to Plateau Sta.; on this route

ca rri.d out more than 2500 km.

In Western antarctica area qraviutric photographing is

S carried out on the Filchner Ice Shelf, in region of South

Pole, to Eflsvorth Land, in antarctic peninsula, in region

of Byrd Sta. and on Ross Ice Shelf , in region of ~cMurd o.

Is the r.maiainq t. r ritory of Ws.t. ra antarctica , are

carri.d oat the nua.rous routes of sleigh—tractor exped itions

S S5~~~*S S S S~~~~S S S S SS S S S S S S S~~~~~~_ _ _ _ _ _  - - - S 5~~~~~ S S S~~~~~~~~~~~~~~~~~~~~~~~~ S S S S - S - S
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and routes of aerogeophysical investigations in essence of

American expeditions. In anta rctic peninsula the considerabl e

number of gravimetric observations carried out Engl ish

expeditions, and also Argentinean and Chile.

On islands of the southern—Ant illes arc, the 
S

considerable Volume of gravimetric work is carried out by

English antarctic expedition into 1959—1963.. On South
S 

Shet].and Islands and in the northern part of Graha m Land

is determined about 150 gravisetric points, on Sout h Georgia

Is. — 18, on South Sandwich Islands — 6, on Sout h Orkne y

Islands — 12. All the measurements taken with the aid of

two Vorden gravime ters with the error of the anomalies of

the force of gravity ±(3—5) agal (Griffiths et al. , 1964).

There are several def initions, made by Australian e xpeditions

to other islands of the south ocean : Ncquarie, Rea rd, Isles

de Kerguelen, an d also to the group 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, etc.

Foreign gravimetric determinations on the water area of

the Souther n Ocean b egan widely to be conducted only in
j

LA _ _~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
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the latter of decades. So, American geophysicists on the

vessel “Eltanin” during 1962—1965 completed mor e tha n 20

f loa t ings  wi th  j r av i m e t r i c  measurement s in the  south  par t  of

Pacific Ocean, in  zone 40—65 ° south  la t i tude.

Page 39.

Japanese expedition in 1964—1965 conducted maritime

gravimetric me asur ements on the w ater area of ocean betwee n

AUstralia., New Zealand and antarctica. English scien tists on

vessel “Protector” into 1965—1966 conducted gravimetric survey

in Drake Strait and Scotia Sea. However, the results of

all these expeditions, un til no w, are not publishe~L.

Fro m known data on south ocean, wh ich we avail, this

twen ty points along shore of South A merica, carried out

into 1947 with the floating of the American submarine

“Conger”. Furthermore , is several dozens of gravisetric

points In Indian Ocean in region of the ties de Kerg uelin

and Ile Amsterdam , and on the route lie St. Paul- Aust ralia.

This is photographing, carried out with the floating of the

Amer ican research vessel “Argo” in Lusiad Expedition. On

Aguihas Bank south of the coast of Atrica in 1962 on the

vessel “Natal” was carried out gravisetric survey,

- ~~~~~~~~~~~~~~~~~~~~~ - S  -~ • S S S~~
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measurements taken by gravimeter “Graf—Askania, GSS—2” I
(Graham , HaleS , 1965) .

por coastal waters of ant arctica , t here is not not one S

gr avimetric point , determined  by  fore ign expedi t ions  and

published in press/printing or transmitted to the

intersational center of data. Thereby value and the value

of Soviet work immeasurab l y gr ow/rise. The g rav i t a tiona l

field of the  wa te r  area of south  ocean and water  of the

antarct ic  about wh ich  we wi l l  speak f u r t h e r ,  cons t ruc ted

according to the results  only  of Soviet de te rmina t ions .
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Chapter III. GRAVITATION AL FIELD OF THE SOUTHERN DCEA N AND

THE LIMB ZONE OF ANIARCTICA.

The measurements of the force of gravity carried out

on the water  area of south ocean and in the  circui i ii t toral
S zone of antarctic continent, made it possible to present

the character of the gravitational field of this part of

our planet. .

We have comprised the  schematic gr avi tat ional,  m ap/charts S

of south ocean and the limb zone of antarctica in the

reductions in free air and Bougue t of scale 1:7 250 , 000

(as basis are under t aken  the  blank charts  of the  Atla ntic. S

Indian and Pacific Ocean sectors of the antarctic, the

publ ication GU VMF of the USSR 1962—1963). Nap/charts are

comprised on the basis of the gravimetric points, carried

out bY Soviet exped itions 1 j~ south ocean and in coast

4
I
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of antarctica (~ rushin skiy, 1969; Koryakin , Stroyev , Fro lov,

1969, etc.) , fr om data of the catalog of IFZ of the AS
S USSR (Catalog of gravimetric deter m inations.... 1962) , and

also based on •ateria ls, published in different publications .

FOOTNOTE 1~ All the gravimetric determinations of Sovie t

an tarctic expedit ions are given to the reference point 
S

Nirnyy, which in turn, is connected wit h the America n

grid/network of the strong points of antarctica. EN DFOOTNOT E.

These are the catalogs of graviaetric points (Heifer a.o.,

1962; Aut enboer, 1964; Capu to  a .o . ,1964; Kirton , 1965; Oura ,

1965) ,, sepa rate points or routes wit h t h e  values  of

anomalies on blan k charts (Langron, 1966) , the map/chart of

anomalies in some re gions (Behrendt , 1962; Graham , Hales,

1965; Beh re ndt ,  Bent ley.  1968) .

The representa tion of mater ia l s  by regions by no means

it is eq ua l, the accuracy of results is also diverse.

Therefore map/charts are constrncted with the different

sections of the isoano.aljes.

L 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Figures 8, 9, 10 depict the map/chart of anomalie s in

free air. At sea, if was allowed the representation of

points and value of anomalies, the isoanomalies were carried

out through 25 agal. In the circumlittoral zone of

S antarctica and on the very continent the isoanozalies are

carried out also in essence through 25 agal, with the

ex ception of the secticns where is carried out sufficiently

dense gra vimetr ic  pho tograph ing  ( t h e  Shackleton  and  West Ice

Shelves, and Enderb y Land), or Of sections for which field

constructe d according  to publis zied ma p/ char ts  ( the F i lchner

and Ross Ice Shelves). In these cases the section of

isoanomalies is 10 an d 20 agal.

T he map/char t of Bouguer’s anomalies (Figs. 11, 12, 13)

is constructed with the section of isoanomalies 50 agal ,

with the exception of the Ross and ~ilchner Ice Shelves

and Mar ie Byrd Land. The section of isoaromalies on these

glaciers is 10 and 20 mgal .

Page 40a.
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Fig. 8. Anomalies in free air of Indian sector , mgal.

Morlal forau la  is international. Coapiled ~y P. A. Stroyev

Key: (1). Ind ian Ocean. (2) . Antarctica.
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Fig. 9. Anomalies in free air of Pacific Ocean sector ,

igal. Nor ia l foriu1. a is internat ional. Coupiled by P. A.

Stroyev.

Key : (1) . pacific ocean. (2) - Antarct ica.
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Fa~ e ~Oc.

Pig. 10. Anocalies in ftee a i r  of A t lant ic  sector , iain..

Norial for.ula is i n t e r n a t i o n a l .  Co .piled b y P. A. S t rO y e v .

Key: (1). A t l a n t i c  Ocean.. (2). Antar Ctica.

Page ~4Od.
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i•’ lg .  11. Anomalies Bou~ uer of’ Indian sector (~ = 2.8
g/cm3). Compiled by F. A. Stroyev.

Key: (1). Indian Ocean . (2). Antarctica.
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Page 140e.

pig. 12. Bougue r ano.alies of Pacific Ocean sector (~ =

2.8 g,c13).. Cospiled by P. A. Stroyev.

Key: (1). Pacific Ocean. (2).. Antaictica .
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Page 140f .

Fi g. 13. Bouguer anomal ies  of A t l an t i c  sector (a = 2.8

g/cm 3) . Compiled by P. A. Stroyev .

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

Page 41.

All map/ char ts  are com piled by the norma l i n t e r n a t i o n a l

formula  of the force of g rav i ty .  The dens i ty  of i n t e r l a y e r

dur ing  the  c~ lcu .lations of Bougu er ’s anomalies is iccepted

eq ual to the densit y of basal t a 2 .8  g/ca3.

Character of gra vitational field in a south ocean.

The gravi ta t ional  f ie ld  of south ocean is closel y

related with the basic morphostructures of its bottom , the

vast co.p lexc~s of the  relief of the sea bottom, which

correspond t~ the specific structural cell/elements of the

earth’s crust. According to the character of gravit y

anomalies in south ocean, it is possible to isolate the

following basic groups of regions.
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Region of deep— water oceanic basins. Antarctica is

bordered by the band of vas t deep—wat er  basins. Here  ente r

Af rican—An tarctic, A u s t r a l o— A nt a r c t i c , S o u t h e r n — A n t i l l e s  Basins

and the Belliagshausen Basin. The depths of basins are

4000—6000 i. The width of the band of basins varies from

150 to 2500 km. By the belt/zone of oceanic

swell/rampart/rises the near—Antarctic basins are

separate/liberates from the basins of south ocean, whic h I 
-

adjoin the continents of A merica, Africa and Australia.

These are the following basins: Southern—Pacific Ocean,

Southern—A ustralian , Crozet, Ilozambique, Agulhas, Cape, and

Argentine.

The Argentine Basin is characterized by negative

anomalies in free air by value frca —10 to —20 agal. Zero

isoano.aly —learly contours basin. This grav itational minimum

is continued to the side of shelf low water and shores of

south America between 46 and 50° south latitude. Here the

value of anomalies reaches —68 igal. Bouguer’s anomal ies in

Arg.ntinean basin comprise more than +400 myal in its

deep—wat er part. In regicn of shelf of south America

Fointed out above Bouguer’s anomalies have negative values,

reaching value —58 mgal. 

~~~~~• ~~~~~~~ --
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The Ca pe and  A g u l b a s  Basins are noted by sau l

• Fositive and negative ano.alies in fre~ air. The average

value of anomalies is close to zero. Bouquet ’s an malit’s

here reach value  i-430 ugal.

The A f r i c a n — A n t a r c t i c  b ctsin fo r  a l l  its e x t e n t / e l o n g a t i o n

H 
is c h a r a c t e r i z ed  by pos i t ive  ( t o  + 100 aga l )  a n o m a l i e s  in

free air  and by t h e  ex t r e mely  i n t e n s e  (to  .450 a g a l )

pos it ive  a n o m a l i e s  of Bou quer .  The A u s t r a l o— A u t a r c t i c  Basin

is also noted b y  pos i t ive  ( .2 0— + 3 0  •gal) anomal ies  i n  f r ee

air and by the intense positive (.350 agal) anomalies ot

~ouguer .

For the Mozaabique Basin are characteristic nejative (to

—80 aqal) anomal ics in free air and the intense posit lye

(to •370 mgal) anomalies of Bouquet, the Crozet Basin is

ch aracterized by small positive anonalies in free air and

by Boug uer’s intense positive anomalies.

Page 42.

The Western Australian Basin is noted by considerable

•i~~~~~~
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negative (to —10 mg al )  anomal ies  in fr ee  air. This

belt/tone of negative anomalies is stretched in the

sout heast d i rec t ion  i n t o  t he  S o u t h er n — A u s t r a l i a n  B a s i n ,  wher e

the  value s of an o m a l ie s  are equal,  to  -10,,~— 20 igal,  and fr o m

there this band departs to the basin of the Tasma n Sea

wher e the average value of anomalies is —20 mgal.

The field o f Bou gu er ’s anomalies in Western Au s t r a l i a n

and Southern— A ustralian Basins is characterized by

considerab le posi t ive  (.300— .350 agal) anomal ies .

The Be l l ingshausen  and S o u t h e r n — P a c i f i c  Ocea n Ba sins are

Se para te/ l ibera ted  by t h e  smal l  pos i t i ve  and small  nega t ive

anomalies  in f r ee  a i r  and by  the  i n t e n s e  (more t h a n  +350

Ugal)  ano malies of B ouguer .

Ocean ic Upl i f t/r i ses  and m i d — o c e a n i c  rid ges. To n o r t h

f r o m  the abysmal  basins , which  border a n t a r c t i c a, a r e

ar range/located t h e  oceanic spine/ridges, which to ri  the

Fer ipheral  circui t of the  up l i f t/ r ises of the  floor of

south ocean. Norpholog ically these are t h e  s ing le  w i d e

( 1500—2000 hi) •ou f l ta in  belt/zone, which  has the  separa ted

form and carrying on i ts su r f ace  n u m e r o u s  lumps ,

spine/ridges and volcanos. The overal l leng th  of t h i s

- -
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belt/zone within the limits of south ocea n is approxim atel y

120 thous .  ha ( Zh i v a g o , 1967) .

Besides the  s i ng l e  bel t/zone of u n d e r w a t e r  r idges , on

t h e  water  area ot sou th  ocean are  vast by area u n d e r w a t e r

e levat ions  — Agulhas, Crozet and New — Zea land  P l a t e a u s, and

the Rio Gr a n d e  Rise. F u r t h e r m o r e , are u n d e r w a t e r  r i d g e s ,

o r i en ted  in ae r id iona l di rec t ion.  These a r e  sp ine/r i dges

N adagascar , N a c q u a r i e . W h a l e , K erg ue lin .

All these s t r u c t u r a l  cell/ element s of the  e ar t h ’ s crus t ,

wh ich are expressed in the  r e l i e f  of t h e  sea b o t t o m , f i n d

the i r  r epresen ta t ion, also, in the  c h a r a c t e r  of g r a v i t a t i o n a l

field. The Southern—Atlantic spine/rid gE is characterized in

essence b y  the  increased p o s i t i v e  (to +31 •gal) anomalies

- - in free air. Bou gue r ’s  anomal ies,  on the c o n t r a r y ,  h ave t h e

lowered/reduced values  in compar i son  w i t h  abyssal bas ins .  The

isoanomaly +250 •gal c lear ly  contours  t h e  region of median

sp ine/r idge,. On the very  sp i ne/r idge  of Bouq uet ’s a n o m a l y,

sometime s t h e y  decrease to 4 150 igal.

The African- Antarctic and Western—India n spine/ridges are

• also characterized by  t he  increased positive anomal i e s  in

free air (to +50 ugal) . Bouquet ’s anomal ies  here  reach 

-- -
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va lues +300—+325  my a l .  However , the  in tersect ions  of these

•id—oceanic spine/ridges with the routes of y r a v i m e t  t ic

surveys  com p le t e ly  i n s u f f i ci e n t l y ,  and t he  r e p r e s e n t a t i o n  of

gravi.e t r ic  data doe s not make it possible to g i v e  t h e

s u f f i c ie n t l y  comple te  character ist ic of  these spine/r id ges.

Pa ge 43.

The Ce n t r a l - I n d i a n  sp ine/r idge  is separa t e/ l ibera ted  by

positive anomal ies  in  free air to +3 0—. 50 agal .  In the

viclf li t ieS Of t he  r idges  of sp ineJr id ge, is observed t h e

noticeable corre la t ion  (Jus t  as on the  rema in ing  sp ine/r idges

of r i f t  zone of sou th  ocean) of the  t o p o g r a p h y  of bot tom

and anoma lies of the  force of g r a v i t y.  ‘Ihe s t r o n g l y  crushed

sur face  of  t he  aid— oceanic sp ine/r idge , which consists of

the combi nation of smal l  spine/ridges and nar row g r a b e n l i k e
— depression and trenches, is character ized by the large

variabilit y of anomalies. Specifica lly, the anomaly  above the

ridges of spine/ridges they have values + 30—+ 50 mgal;

r i f f l e d  valleys are noted by considerable negat ive  (to — 50

— —70 agal) anomalies.

The A u s tr a l 3 — An t ar c t i c  and Pacif ic  Ocean u p l i f t f rises are

separate/ l iberated by t he  increased v a ri a b l e  posi t ive
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anomalies against the background of the cal. f ield of

deep—water basins.

The upli ft/rises and the spine/ridges of the sea

bottom, not entering the system of rift zones, are also

char acterized by the increased positi ve anomalies in free

air and b y 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 agal, while Bouguer ’s

anomalies reach here values i-100—+150 agal.. Analogous

gra Vit at ional character is t ic  it has the New—Zealand plateau

on which, accord ing to data of earthq ua kes, is

establish/installed the subcontinenta l type of the earth’s

crust..

Nadagascar sp ine/ridge, w h ich is continuation on th e

bottom of ocean of mountains o. Madagascar, is charac te r i zed

b y positi ve anomalies in free air (to  +20 agal) and by

Bouguer ’s anomalies +150—+200 igal.

The Aguihas  Plateau is separate/ l ibera ted by considerable

positi ve anomalies in free air (to .70— 41 00 .gal) , whi le

BOuguer ’s anomalies  are here •200 —+ 250 mgal .  

--_
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Underwater ridges and uplift/rises of the south ocean

f r equen t ly  emerge in to  topograp hic surtace, f o r m i n g  the

groups of i s lands  (Pr ince  Edward  Islands, li es Croz e t )o r

islands (lies de Kerguelin. Bouve t Oeya). The islands of

volcanic origin have extremel y intense POSitiVe anomalie s of

the force of gravity on Prince Edwa rd Islands are observed

the anoma lies in free air +290 igal . on Heard Is. +141

.gal , on N acquar ie Is. 4218 agal. on Balleny Islands +146

.gal , on Tris tan da Cunha +86 mgaL. Boug ue r ’s a n o m a l i e s

have the  same order of magni tude .  This  value of anomal ie s

indicates the fu l l/ to tal/ comple t e a bsence of isostatic

compensati on under  these islands.

The lies de Kergue l in , one of t he  most s i g n i f i c a n t

is lands of south ocean, marr ies vast fiat/plane plateau of

beginning range Kerguelin .  The g r a vim e t r i c  observat ions  of

Soviet, Australian and American expeditions shoved that

unlike othe r islands of south ocean lies d e K er guel in is

characterized by small positive (.30—.50 mgal) anomalies in

fr ee air and by Bouguer’s the same anomalies. This fact

indicates tha t ,  the ear th’s crust in regicn of the lies de

Kerguelin has s t ruc tu re, which  d i f f er s  f r o m  the s t ruc ture  of

the earth ’s crust of other islands.

_ _ _ _ _ _ _ _ _ _ _  - ~~~-- ~~~ - -
--——-—-
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page 44.

Is land arcs and abyssal  t t e nc bea Regions  of ab yssal

trenches and i s land  arcs in sou th  ocean are c h a r a c t e r iz e d

b y the  q u i t e  l a r g e  in the  w o L l d  c o n tr a s t  of r e l i e f.  The

amplitud e of the heights of land ~nd ocean depths , fo r

example, of t he  P a c i f i c  Ocea n shores of south Amer ica

reaches 14 km.  S p e c if i c a l l y ,  here  are observed the  mos t

intense tectonic motions.

On t he  w a t e r  a rea  of sou th  oce~~D, ate ar r a n g e/ l o c a t e d

typica l is land of S o u t h e r n — A n t i l l e s  a rc  and  t h e  less

expressed arc of New Zealand.

Scotia , or So u t h e r n — A n t i l l e s, Arc serves as t h e  c o u p l i n g

- 
- li nk of the fo lded  chains  of Sou th  America n of andes  and

— 

Wester n antarctica. It consists of the  insu la r  g roups ,

arrange/located on the underwat et. increase of arc and

connected b y u n d e r w a t e r  ridges.

Graviaetric survey, carried out on the isiands of arc ,

showed that entire/all island arc is charact et .~zed by

ext remely  intense pos i t ive  anomal ies .  South Georgia  I s l a n d  is

noted b y the anoma l i e s  of order 4( 100— 150)  agt l , on scales

---4
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Clark  the anomalies  reach +196 .qal.. The grou p of the

south sandwich i s lands, younger  an d vo lcan ically mor e a ctive,

is separate/liberated by the anoma lies of order ‘(165-225)

agal. The South Orkney Islands are characterized by

anomalie s + (ISO—170) agal. On the South Shetland Isla nd s the

anomal ies  of the  force of g r a v i t y  reach values ‘( 100—150)

mga l.

On all islands the outlines cf the isoanomalies (On

detailed map/charts) follow the structuta l directions of arc.

The chief charac ter i s t ic  of the  f ield of the  anomalies  of

th e force of gravity is the presenc e of extremely intense

(to 25—30 Eotvos) horizontal gradients.

The group o f Falkland Islands, which relates,

apparently, to the continental type of the earth’s crust,

is separate/ liberated by the  wea k posit ive (+17 aga l )

anomalies in free a i r  and by Bouquet .

Graham Land and t he  Palme r Archipelago as south  end of

the island arc relating, appar ently, to the transit iona l

type of the earth’ s crust, a re  characterise d s.aI. I pos i t ive

•~ 30— 50) agal by the anomalies of the force of gravity : on

ea st shore of G r a h a m  Land the value of anomalies decreases

to zero .

~

-

~

:
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G r a h am  Land is separat e/ l iberat ed f r o m  the  ? a l k lan d

Islands and Tierra  del Fuego by the Drake  Passage. The

bot tom of sp i l l/ s t r a i t  has Com plex s t ruc ture.  Alon g w i t h  the

deep—water  sections of the  depr essions here  are encountered

many moun tains  a n d  the  spine/ridges m a j o r i t y  wh ich  it has

volcanic  orig in.

The g rav i t a t ional f ie ld  of Drake Passage is

character ized by cons iderable posit ive y r av i t y anomal ies. In

the region of I. de los Estados and Birdwoo d Ban k the

anomalies  in f ree  a i r  reach values  +183 igal , Bougu er ’s

anomal ies  have a p p r o x im at e l y  the  same values. Sou th  of

Tierra del Fueg o is noted the e longa ted  in d i rect ion f r o m

the aorthwest  to t he  southeast considerable posi t ive a n o m a l y

with values to + 160— 4 190 mgal .  Bouguer ’ s anomal ies  reach

he r. values •~ 00 m ga l .  Between t he  F a i k l a nd  and Sout h

Shet land Islands the anomal ies  in free ai r  decrease to

•20- +40 mgal , B3 uguer ’s anomaly here are •250— .300 mga l ,

i.e. . th. charac ter  of f ie ld  is comple te ly  analogou s to the

grav it at ional ti.ld of ocea nic up l i f t/r i s es .

Page ~5•

_______________ -A__________________________ __________________ 
—
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To the east of Drake Passa ge there are no g r av imetric

data as yet; to W est in Paci f ic Ocean o f anomal y, they

become characteristic for oceans: small positive and negative

anomalies in fre e air and Bouguer’s intense positive

anom alies.

On n o r t h  and  in the  south  of D r a k e  Passage a r e  noted

the sones of the considerable gravitational gradients.

I
£byssal t renches, which border  the S o u t h e r n — A n t i  iles

island arc f r o m  outer , oceanic side, u n f o r t u n a t e l y

gravi.etrically are not described. There is only one

gr av ime tr i c  point to the southeast  of South  Orkney  islands.

Ocean depth here is 6000 a. Anomaly in free air is equa l

to —183 mgal, Bouguer ’s anomaly (with the correction of

Bouquet b y the formula of pla ne— pa rallel layer) +262 mga l,

i.e., gravitat ional characteristic typica l for abyssal basins

of island arcs of such type. Analogous anomalies are

characteristic for the Kurile—Kaichatha and Aleutian

ba sin/depressions in the northwestern part of Pacific Ocean

(G ayanov. Isayev, et ml . , 1970).
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the less indicative island arc of south ocean is

region of New Zealand. New Zealand is th. south link of

the grand iose ci rcuit of the isla nd arcs, which accompany

the east shores of Asia and Australia. The island arc s of

the western part of pacific Ocean will tear on themselves

all the morphostructure special featu re/peculiarities of arcs,

namely, island arc , abyssal trench on the outer side ot

arc and boundary/ edge  swe l l/ r ampa r t/rise. The y a l t  ar e

de veloped on t r ans ien t  and oceanic ty p e  crust.
- ‘1

The structure of the islands of New Zealand is close

to the struct ure of continent. In the vest of i s l and , they

border on the bo t tom of the  ‘rasman Sea which  has c l ea r ly

the oceanic type of crust. To the sout h the continuation

of islands is s h a l l o w  New— Zealand plateau with the scattered

cn it islands. Still southr than plateau transfer/c onverts

to underwat er ridge — N acquat i e  Moun t ains — w h i c h  wer e

lengthened curves from 50 to 60° south latitude, w here they

cut  the uplift/rises of mid—oceanic r idges and furt her of

antarctic continent are continue d for the group of the

Dalleny Islands. Arc is elongated to the side of I n d i a n

Ocea ns on outer side arc border abyssal trenches with

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

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

sg ml , Bouguer’s anomaly here are •200—+250 mgal . Abyssal

trench Kersadec is noted by intense negative anomalies in

free air by va l ue to —210 •gal and by Bouguer’s anomalies

+~ 200—300) mgal. To the east and the  west frog island arc

in the region of the deep—wat er oceanic hasins of anomaly

in free air, have the small values of different sign (t20

sgml). Bouguer’s anomalies reach here values +350—+ds OO agal.

Page 116.

The insular group of New Zealand is separate/l iberated

by negative anomalies in free air to —50 mgal on the

basis of the central axis of islands. The c i rcumli t toral

zones of islands are characterized positive to +50 •ga l by

anomalies in free air. The minimum of Boug uer’s anomal ies

(to — 100 sgml) is noted on all islands, and only in the

narrow coastal band of Bouguer ’s anomaly positive, but also

do not ezceed •75—$100 mgal.

Underwater aew Zealand ridge and the Balleny Islands

are characterized by intense positive (.218 sgml on

Racq ua r ie Island, +150 igal on Ballemy Islands) by anomalies

.1

I
.4
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in fre. air and the same value by Bouquet’s posit ive

anomalies. Abyssa l t rench  to the west of Auckl&nd Is. is

noted by negative (—41 sgml) anomaly in free air  and by

Bouguer’s positive anomaly (.28 3 sgml) . The analogou s values

of anomalies are observed in aDyssal trench of the Ballen y

Is. Just as for the Souther n— Antilles arc, New—Zealand

island arc is c ontoured b y isoanomal ies follow ing t he main

direct ions of arc; here are  observed the  e x tr e m e l y  intense

horizontal gradients of the anosalies of the force of

gravity.

Ab yssal tren ch of the Pacific Ocean shores of south

America is characterized by the extremely intense negative

anomalies in free air whose values reach —200 .~al, and by

Boug uer’s intensa positive anomalies. Bouguer ’s isoanosalies

go in pa rallel to the direction of trench and create

considerable hor izonta l  gradients .

Transition region from ocean to continents. Tra nsit ion

tegio5 fr om ocean to the continents includes shelf reg ion

and continental slope, which hav e the continental and

subcontinental type of the earth’s crust. These

morphostructure cell/elements of the sea bottom find th eir

into ma pping gravitational field.

_________________ _________________ 

~ 1
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V ide (to 1000 ka )  shelf sand bar of the A t l a n t i c

shores of south America is charact erized ty the ba nd s of

posItive and n e g a t i v e  anomal ie s  in f r e e  air.  The f i e l d  of

ne ga t~~ve anomal ies  on the  water  area of Argentine basin is

changed by the band of positive anomalies.~ In region

b etween 30 and 40° sout h l a tit ude , the wid th  of t he  b and

of positi ve a n o m a l i e s  does not excee d 200 km. In  the

region of con t i nen t a l  slope , nega t ive  anomal ies  — (20— 50) mg

are sharply changed by positive anomalies +(20—50) sgml,

creating horizontal gravitational gr adient on the order of

5—6 Eotvos. Directly of shore positi ve anomalies are changed

by th~i sufficiently wide zone ot small negative anomalies.

This zone cover/coats the significant Fart of the La Plata

lowland on continent.

In region of San Natias Gulf and Bahia 8lanca the

v~dth of the zone of positive anomalies in free air is

increased to 900— 1000 km. The va lue  of anomalies  is

increased to •75—.120 sgml. Of shore itself the zone of

positive anoma lies is changed by the bands of negative

— (10— 5) mgal of the anomalies , elongated in p ar a l le l  to

shore.



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~

DCC — 78008703 PAGE A~~~ /1 6’

Page 47.

fO  the sout h , between 450 south latitude and group Of

Falkland islands is observe d the considerable minimu m (to

—68 mga l) of anomalies. This minimum g Oes her e f r o m

Argentine basin , a l thoug h the  depths  of sea here do not

exceed 150 m. In al] probability, this m i n i m u m ot ano malies —

is connected wit h great thickness (sore than 6 ka) of the

sedimentar y rock s , discovered in this regicn by seismic work

(Wol].ard, 1960) . This m i n i m u m  is retained on the m ap/chart

of Boug ue r’s anomalies. On the  remain ing sections of shelf

of Boug ue r ’s ano.al y,  they have small positive values  and

are changed b y nega t ive  anomal ies  of the edge of shore. In

the region of the cont inenta l  slope the Bouguer ’s

isoanosalies beco me concentrated , creat ing considerable

horizontal gradients.

Of the Pacific Ocean shores of south America, in

region of the development of abyssal trench, continental

slope and shelf are stretched by narrow band. As it was

noted above , the anomal ies  of the g r a v i t a t ional force  here

change very shar ply, creating exclusively intense horizontal
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gradients.  In region  of Chi le  t rench at Valparaiso , the

Bouquet anomalies  change  by 500 sgml. at a distance 300 km

(jump/d rop in t he  he ight s  of re l ie f  12 k.) . D u r i n g  - -

transition from Atlantic and Indian Oceans to the Africa n

continen t., positive anomalies in free air gradually decrease

to —30 sgml, A~ ulhas bank is noted by positive an omalies

to .50 sgml. On the very contine~t of anomaly in fr ee

air, positive reach values +50 sgml. Bougue r ’s a no m a l i e s

sharply decrease from .300 sgal in basin to —150 sgml in

Dragon mountains . Bouguer’s zero isoanom aly coincides with

the ahote line of continent.

In reg ion of Western Aus tralia, negat ive anosalies in

free air of the Indian Ocean trench are continued to

continent. In region of the Perth basin, is observed the

sharp minimum (to — 83 sgm l) of anomalies. This minimum is

connected with the omitted on faults 4eeF depression, filled

by great (sore tha n S ks) thickness of precipitation.

Bouq uet ’s anomal ies  here change extremely intensely, creating

horizontal  gradients  more than  ‘$0 Eotvos , which  ind ica tes

the sharp exchang .  of the  character  ot the  earth’ s crust.

From the Ta sman Sea , regions of the negative anomalies

by the region s of the
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positive anomalies  w h i c h  re ta in  their s ign ,  also, i n  coast

of A u s t r a l i a n  co n t inen t .  Bouguer ’s anomal ie s  her e also

sharply are changed from .350 agal above the basin to — 4 0

.ga]. on continent. shcre line follows isoanomaly +20 ngal.

Thus, it is possible to say that as a whole for a

south ocean to the specific morphcst ructure cell/elements

correspond the common/general/total lines of gravitationa l

field. Dee p—water  oceanic basins are character ized b y  t he

ca lm gravitational field with small in value .‘(20—30) mgal

by anomalies in free air and bY very large .--(350—450) mgal

by Bouguer’s positive anomalies. The regions of underwater

ridges and Oceanic uFlift/rises are separate/liberated by

positive (to .50 agal) anomalies in tree air and by the

considerable (to +250 sgml) anomalies of Bouguer.

Page 48.

In the vicinities of the ridges of spinejridges, are

observed the large va r i a bi l i ty  of anomalies and th e

noticeable correlation of the topography of the bottom of

sea and gravity anomalies.

For islands and the island arcs of South ocean, are

_
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character is tic ex t r e m e l y  intense (tc .200 sgml) positive

anomalies in free air and the same values of Boug uer’s

anomaly. Abyssal trenches are characterized by extremely

intense negative (to —180 igal) anosalies in free air.

Islands with the continental type of the earth’s crust are

noted by small positive gravity anomalies.

In the regions of tra nsition from ocean to continents ,

are obser ved small of the different sign of anomaly in

tree air. The zones of these anomalies frequently are

stretched to continent , reflect ing the structure of the

uppermost layers of the earth’s crust. Bouquer ’s isoanomalies

in transition regions, as a rule, are congealei , ,re

created the considerable horizontal gradients of the force

of grav ity, whic h indicates a sharp exchang e of the type

of the earth’s crust.

Field examined above of the gravity anomalies of south

ocean sho ws that on the av era ge fcr ocean of an oma l y in

free air are close to zero. Exception are the zones of

islan d ar cs, 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 whole the south

ocean is close to isostatic Compe nsation. 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 one should expect

considerable isostatic anomalies.

As concerns Drake Passage, here the value of regional

anomalies in free air reaches +150 sgml. Gravitatio nal field

in region of Drake Passage and Scotia Sea is constructed

in essence accor d ing to the results of determina tions for

the diese l— electr ic 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

tossin g of ship. However , American determina tions to the

south of Tierra del Fuego (Worzel ,  1965) and Engl i sh

measurements on South Shetland Islands (Griffiths ~+ ~ L, 1964)

confirmed the pr esence 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 bottom,

char acter and the value  (norma l.) of Boug uer ’s anomalies , and

also the results of deep seismic sounding showed tha t the

earth’s crust in Drake Passage and at Scotia Sea has
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normal , oceanic character. No “crimes ” in the structure of

the earth’s crust are detected. Consequently, about deviation

from isostasy in Drake Passage Scarcely whether there is

the foundation for speaking. It seems to us 
- 
that matter

here in the local properties of substance of upper mantle.

Page ‘49.

I 
-

~

Gravitat ional field in a circunlittoral zone of antarct ica.

Let us examine the character of gravitat ional field in

t r ans i t i on  Zone of antarctic.. To t h i s  zone are r e l a t e d

continenta l slope and shelf of the sixth continent.

Continenta l slope lie/rests within the l i m i t s  of 3cean

depths 500—3700 in, stretching into width per 150—200 miles

(ihivago, 1967). There are narrower sectioas. Shelf of

an tarctica — this is the shallow band of the bottom , which

borders entire continent. The widt h of shelf on the average

is 80-100 miles; maximum width shelf reaches in Ross and

Wsddell Seas — 550 •j les. Howev er , one should add tha t the

considerable spaces of the  c i r c u ali t t ot al  zone of a n t a r c t ica

are occup ied wit h shelf and leading-out g laciers, t ha t are

—
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connected w i t h  t h e  region of mainland g lac ia t ion.

- J  Antar ctic shelf has comple x structure.. It has the

diverse complexes of the forms of relief, united int o

parallel to shor e morphostructure fo rm s; decreases i n t he
relief are alternated with the elevated sections with the

amplitud e of heights from several hundreds to 1000 m and

sore.

The gravitational field of anomalies in free air of

the limb zone o f an tarc tica has comple x character,
reflect/representing the mainly basic features of the

structure of underwater and under— ice relief.

In region of Queen Maud Land is observed the

alternation of the zones of positive and negative anomalie s.

Each Zone has sublatitud ina l strike/course and it is adapt ed

to the specific large geomorphologica l cell/element, more over
to each zone is noted the correlation of anomalies with

the depths of the  sea bottom.

South of the African—Antarct ic basin with positive or

close to zero by anomalies is stretched the zone of

negative anomalies . The value of anomalies is chan g ed from

- - -
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—1 to —1 00 mga l. within the limits of this band , is

separate/l iberated the  Zone of pos itive (~ 20 sqal) anomalie s,

which is necessary for underwater elevation to north from

station Lazarev .  F u r t h e r  to the south goes the band  of

positi ve anomalies. It seizes shelf on Princess Astrid

Coast, in narrow band is stretched to Riiser—Larsen Sea

north from Hoi Baudoin Station and considerably is expanded

to north from Cook Peninsula an d in reg icn of the Gunner us

Range. Anomalies correlate with the depths of the bottom of

sea. If in the basin of the Riiser—Larsen Sea wit h depths

more than 3000 a are noted weakl y posit ive anomalies

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

anomaly in free air with values +(30—170) sgml.

To the region of shelf glaciers and foothills of

-

- 
- 

glacier plain corres ponds the ba nd of considerable (several

doze ns of mil ligal)  negat ive  anomalies. The  deep—water

depreSsion of gulf/bay lhtqov—Hola is noted by intense

negative anomalies — (50—80) agal. To the east and the vest

from this basin/depression of anomaly , they are inc reased.

To the south and the east from Shirase Glacier, b etween

Luetscv- Hola Bay and Yamato NtS. is revealed the b road band

of considerable negative anomalies.
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page 50.

To the southeast th is  band is continued under lani  ice. On

the route of Japanese expedition , the value of anomali es

reaches —40 agal, on route 9th SAF — to -48 agal. This

band of negative anomalies notes that deeF 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  anomal ies  of alter na t i ng/va r i ab l e  sign , but on

the Ya ma to mountain mass anomalies reach +90 mgal . To the

south of Yam ato Mts. in the point of the intersection of

the routes of Japanese and Soviet ezçeditions, is observed

the considerable disagreement o 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 nort h change f rom — 17 7 to +440 sgml , moreover is

noticeable the s h a r p  corre lation of anomalies  wi th  relief.

Outlying seas and the African—Antarctic basin are

characterized by the values ot anomalies •300—.400 mgal.

A bove underwa ter elevations and the spine/ridges of their

- S 

-. _ _ _
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value, decrease to .(100—200) sgml. The zone of shelf

glaciers is characterized by positive anomalies with values

• (5O — 1 00) mga l. Foothill ice plain and the circuit of

mountains of Queen Naud Land are separate/l iberated by - -

intense negative anomalies —(100—150) agal. The elevated

sections of astron~iuts ’s sea are characterized by posit ive

(more than .80 mjal) anomalies in free air. One should

assume that this zone of positive anomalies is stretched to

the southeast to Prince Olav Coast and turther to the east

where on route 9th SAE are noted intense positive anomalies

(more tha n +100 agal). These anomalies correspond to

un der— ice mou ntains with heights more than 1300 a. Abyssa l

basins of Cosmonaut Sea are characterized by intense

negative (—90 ajal) anomalies in free air. The band of

negative anosalims, which is stretched from the Cosmona ut

Sea to Alasheyev Bight, correspond s a deep depression of

the bottom of sea, which goes in the same direction.

Coast of the western part of Enderby Land has the

complex, sharply c hanging field of anom alies in fre e a ir

(Fig. 14) • wh ich completel y corresponds to the relief of

basic bed. Thus, the Tango, Sakellari, an d Vern a dski y

Promon tories and continuing at sea them of the uplift/rise

of the sea bottom are charac ter ized  h igh , to • ( 7 0 — 9 0 )  sgm l, 

-—~~~~~~~~~~ -——~~ S
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by positi ve anomalies. Dividing them Alasheyev Bight and

Le na and Amundsm n Bays are noted small positive •(1O—20)

mga l. by anomalie s in f ree  air. The basin/depression s of

un der—ice rel ict, filled by leading—out glaciers, are

characteri zed nejative, to — (30—40) (mgal , by anomalies.

The young block mountains of Enderby Land are

Separate/liber i tei by extremely intense positive (to .170

sgml ) anomalies. Th is indica tes w h a t  the indica ted  region

from has i sostatic compensation-
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Pig. 1 .  Gravi ta t ional  f ield of E n der by La ud (anoma ly in

frEe air) • ‘9a1 (accOtding to ‘Y e.. D. KOryakin , P. A .

Stroyev, A. I.. Frolov , 1970). Key: (1). Cosmonaut Sea. (2).

Enderby Land. (3) . Queen M aud Land.  (4) . Kemp Coast .. (5) .

Cape Eustnes. (6). Edward VIII Bay. (7). Asu ndsen Bay. (8).

Sakellari Peninsu la. (9). Alasheyev Bight. (10). Molodeihnaya.

(11). Prince 01ev Coast. (12). Showa. (13). Luetzow — IIolm

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

station Showa. (16). Ongul Is. (17). Shova.

. 5- -
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Pig. 15. Gr avitational f ield of En d.rb y Laud (Bot ag ue r ’s

ancma i y ) ,  sgml (a ccording to Ye. D~ K o r y a k i n , P. A.

Stroyev, A. I. Frolov , 1970).

Key: (1). Cosmon aut Sea. (2). Enderby Land. (3) . Q ueen Ma ud

Land. (4). Cape Eustnes. (5). Edward VIII Bay. (6)

oeygarden Is. (7). Kemp Coast. (8). Asundsen Bay. (9).

Tange Promontory. (10). flolodezhnaya. (11). Prince Dla v

Coast. (12). Showa. (13). Luetzow—Hol m Bay. (14). Scientific

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

LA 
__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- 

~~~~~~~~~~~~~~~~~ 
- -



DOC 78008703 PAGE -
~~~~~~ 

j~~~

Pa ge 53.

In the east par t of Ender by Land on the Oeygarden Islands

(Edward VIII Bay) are noted considerable positive (pore than

+70 sgml) anomalies; she lf low water to the northeast from

Cape Eustnes is also characterized b y intense positive (more

than .90 mga l) anomalies , but the d i v i d i n g  the m n a rrow and

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

clear minimum of anomalies (to —70 mga l) .

The field of Bouquet ’s anomalies (Fig. 15) has calmer

charac ter, sapping into in essence the special

feature/peculiarities of the deep structure of the eart h’s

crust. Bouguer’s zero isoanomaly passes along the shore line

of Prince Olav Coas t,, the westetn part of Enderby Lan d,

and in reg ion nf Amundsen Bay departs to the dept h of the

center section of Enderby Land. In the zone of the

continenta l slope of isoline, they are congealed, creat ing

considerable horizontal grad ients. In the internal regions of

End erb y Land Bouguer ’s anomal y in ~~sence , positive, and

on ly high mounta in  m asses to the  south fr om shore in the
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western part of Enderby Land are characterized by the sma ll

negat ive  (from -20 to —40 agal) anomalies of Bouguer.

Fur the r  by  sout h , in to  the  dept h of cont inent,

Bouguer ’s anomal i es are g r a d u a l l y  decreased to — ( 7 0 — 1 0 0 )

sgml. Of the foot of continenta l slope and in region of

deep basins of ocean of Bouguer ’s anomaly th ey are

increased to +300 sgml. Attention is drawn to a sharp

increase of Bouguer’s anomalies in area of Cosmonaut sea

and Lu e t z ow— Ho l s  Bay . This considerab le g r a v i t a t i o n a l  g rad ien t

can be caused by  an abrup t  chang e in t h e  th i ckness  of the

earth’s crust (at a dista nce of 50 miles it changes on 15

k.) or by the exchange of the units of the earth’s crust

with sharpl y different dens ity.

F u r t h e r m o r e , on t h e  map/ch art of B ouguer ’s anoma l i e s  is

Visible the  elongated in mer id iona l direct ion region of

Boug ue r’s re la t ive ly  lowered/reduced anomalies  at sea of the

astronauts, to north from the zone of high gradients

pointed out above, moreover this region is not noted by an

increase in the relief of the sea bottom.. If a decre ase

in Boug ust’s anomal ies  is caused by an increase in the

thick.ess of the Ea r th ’s crust , t hen p robab ly  tha t  these

are the “roots~ of the  ancient  but ied fold ing , analogo us to 

- _ _ _ ~~~.S5.~~~~~ , ~~~~~~~~~~~~~~~~~~~~~ 
- _____________________________________
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Gunnerus Range and the Naud elevatio n, which is st retc~ 3d

of in pa rallel to these structures and ~y that cut off by

the repeated ousets mainland glacier.. The absence of

increases in the relief of the bottom of sea in the place

of the thickening of the earth’s ctust 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 gult/ba y together wit h

the Ender by Glacier is the enormous depression , elongated in

submerid ional  d i r e c t i o n  and which gashes antarctic continent

for  the e x t e n t / e l o n g a t i o n  of more t h a n  100 km.  The f i eld

of anomal ies  in f re e  air is here ch a rac t er ized b~
considerable  c o m p l e x i t y .  The va lues  of a n o m a l i es  v a r y  f r o m

•80 to -60 sgml , moreover  t he  zones of posi t ive  a n o m a l i e s

are changed by the zones of negat iv e anomalies, creating

considerable (40—60 Eotvos) horizontal gradients. Anomalies

noticeably correlate with the depths of sea and in essence

ref lect  the  complex i ty  of u n d e r w a t e r  and unde r—ice  r e l i e f .

Page 54.

so, to the  u p l i f t/ r i s e  of the sea bot to m in the northeast

pa rt of Pr yds Bay (Pour Ladies Bank) corresponds t h e  zone 

- ~I
___wL .,_5~ —~~~
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of positive (to .78 igal) aaoaalies. To shelf low water

nor th  of Cape D a r n l e y  correspond tc an o m a l y  ‘- (30 — 60)  mgal ..

Considerable depths (sore than 500 a) in IlacKenzie Bay are

noted by the zone of negative (to —60 agal) anomalies.

Ab yssal basin to north from Polar Record Glacier is also

Se Para te/ l iberates by the zone of nega t ive  anomalies . The

Vestfold Oasis in regicn of Davis Sta. is characterize d by

positive (sore t h a n  .70 sgml)  anomal ies in free a i r .

Bouguer’s anomalies in Prydz Bay have smooth, are calm

character, isoanosalies repeating the outlines of gu lf/bay

and just as gulf/bay, considerably they submerge into the

dept h of continent. The value of Bouguer ’s anomalie s varies

from 0 to .160 mgal  in the very Pryd z say; it is

northern, in reg ion of contine nta l slope and deep—water

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

exceptiona l co~plezity, chan gin g from +135 sgml in region of

Pobeda ice island to —91 sgal on Skackleton Glacier. The
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zones of the positive anomalies, elongated in parallel to

shore, are changed by the zones of negative anomalies ,

reflecting the basic morphostructu re special

feature/peculiarities of the relief of the bottom of sea

and the bedrocks wider shelf glaciers.

The West Glacier is charact erized in essence by the

positive anomalies whcse average value from +25 to + 30

.ga].. The Zavadovskiy, ~ikhaylov , and Leskov ice domes, the

region of Cape Maksimov and Chelyuskintsev Peninsula s are

separate/liberated by considerable (from +50 to +85 agal)

positive anomal ies .  South of the ice is lands of M i k h a y l o v

and Zavadovskiy to the side from Philippi outlet glacier is

stretched the band of negative anomalies, the minimum of

anomal ies  reaches — 4 2  mgal .  The wes te rn  part  of t h e  g lacier

is noted by anomalies from +15 to +20 agal.

Anomalies of the force of gravity at Davis Sea in

essence negative. The minima of anomalies are adapted to

the sections of the greatest depths. in essence by negative

anomalies is characterized the western part of the

Shackleton Ice Shelf. However , anomalous f ield on th is

section has sharply alternating/variable character, and the

values of anomalies var y from — 90 to +87 sgml. The
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northwes ter~. part of the glacier at Cape Vize, in the

region of which the depths do not exceed 150—200 a, is

Characterized by positive (from +37 to +45 agal) anoma lies. j
sore southerly stretches the zone of negative anomalies ,

within limits of which by positive values are characterized

only dome ice islands — Nasson, Henderson and narrow band.

wh ich is stretched to west from Malygintsev Bay. In the

east part of the Shackleton Glacier, w here the grav itational

field is stud ied less in detail than in western, is

establish/installed analogous law. Glacier dome is lan ds —

Nil], and Bowman — are characterized by positive anomalies,

Whereas southr is stretched the curved band of negative

anosal ies.

Page 55.

The Bunger and Obruchev oases, w ithin limits of which

stone roc k/species emerge to surface, are characterized by

considerable positive (to +85 agal) anomalie~ .

To the south from the peaceful, is stretched the vast

band of positive (to .100 mgal) anomalies in free air,

which of the 70th parallel is changed by the zone of

negative anomalies, which exits to the southeast, to Wilkes 
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Land. Still turth er to the south, on route Mi rnyy —

Pion er skaya  — Vostok , zones of positive anomalies are

alternated with the zones of negativ e anomalies.

Bouguer ’s anomalies in reg ion of Pravda Coast vary from

.300 to —100 mgal . The character of Bouguer’s anomalies is

somewhat complica ted in region of the West Ice shelf.

Chelyuskintsev 20-n insula probably is the result of changing

the thick ness of the Earth’s crust. Entire/all area of West

ice Shelf is ~hmracterized by Bougue r’s anomalies • (80—100)

sgml , while the Davis Sea and the western part of

Shackieton Glacier have anomalies of Bouguer of order

•OO—~ O) mjal . This difference is interpreted by us as

effect of the ~oho surface: however, xs not exclud ed the

probability that it is caused by a change in the density

of the earth’s crust or upper mantle.

The Bunger and Obruchew oases are characterized by

Bouguer’s positive anomalies , to •(65—7O) sgml , and by close

to the. in value anomalies in free air (to .85 mgal)

Consequently, the values of isostatic anomalies in region of

the Bunge r and Obruchuv oases must be on the average close

to +70 mgtl . This is confirmed by the calculation of the

isostatic anomalies whose value was .68 mgal .  This hig h
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value of isostatic anomalies makes it possible to cons ider

that region ot the Bunqer and Obruchev oases is distant

from isostasy. It is not excluded also, that the

considerable positive anomalies of this region are caused by

close arrangement to the topographic surface of roc k/species

w i t h  anoma lous ly  h i g h  d e n s i t y .  If  Is corr ec t t h e  f i r s t

assertion, then  r eg ion  ot the  Bungor  and Obruchev  oases

mus t be r e f er r e d  to t h e  p e r i p h e r a l  zone Ct the bloc k

u p l i f t/ r ises, w h i c h  are s t re tched  fr om the Golit-syn Mountains

to the straCkton and Amundsen M O U n t m 3 n s  ( t h a t  is  confirmed

bY aeromagnetic data) , by very distant from isostatic

compemsat ion.

The region, arrange/located between trans—Ant a rctic

mountains on the one band and Gaa~urtswv and Golit syn

Mountains on the other (Wilkes Land and Victoria Land), is

characteri zed by from other Sections of the limb zone of

east antarctica the unusua l gravitational field ,

character is tic f e a t u re  of w h i c h  is p r e d o m i n a n c e  over th e

Vast areas of intense negative mno~~ lies.

It on the sections of shelf and in the circumlittoral

zone of continent to 7Ø0 south latitude still are observed

consi derable posi ti ve anomal ies, then to the south from the
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70th parallel on larger part of Wik ies and Victoria Lands

predominat e the negative anomalies wh ose value reaches to

—100 agal.

Bands of positive anom alies are adapted to the

uplif t/rises of under—ice relief, zon e of negat ive  an omal ie s

correspond to intermountain basin/deFressions and the

depression of under— ice bed.

Page 56.

However, althoug h the significant par t of the value of

anomaly is caused by the spec ia l feature/peculiarities of

the struc ture of reli ef, main role here play deeper

factors. So, vast by area minimu m in the d’Orville Sea

with anomalies to — (50—60) sgml in essence coincides with

shelf shallows, although deep basin,’deFressions of leading—out

glaciers are cha racterized by a considerable decrease in the

am omalies. For example, the discharge opening of the Ninnis

outlet glacier is characterized by the value of anomaly —69

sgml, and in Cooperation Bay is noted anomaly — 145 sgml.

Trans—An tarct ic mountains are characterized by the

considerable positive anomalies in fr.e air whose value here
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reaches +190 m~jal (Queen Naud Mts.) . however, ev en, here

intersount ain sections with a small decrease in the heights

are i~oted by negative (sometimes considerable) 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 cont inent —

from +80 to —200 mga l. In th~ region of the cont m ental

slope the isoanomalies are congealed, creating considerable

(15—20 Eotvos) horizontal gradients. Zero isoanomaly

approximatel y corresponds to shore line. Further to the

south into the depth of the continent of the value of

anomal ie s, slowly they decrease. Attention is drawn to the

ba nd of Bouguer’s positive anomalies between 67 and 69°

south latitude on route Wilkes Sta. — Vostok Sta. Now here

in east antarctica at this distance from shore, are

encountered posit ive anomalies. Here this band is stret ched

on latitude at a distance of more than 250 km ;  the values

of anomalies reach to .95 mgal, especially as on Budd

Coast is stretched the band of negative anomalies, which

separate/liberates zone mentioned abov e from the field of 
- 

-

k~. 
_  _  _ _ _ _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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positive anomalies in circumlittoral part. In the sense of

under— ice relief, this section especially in no way differ s

frcm othe r sections of route. Consequently, the source of

this anomal y lie/rests at the earth’s crust or its lower

than bottom. The complex of geologic geop hysical

inves t iga t ions  in t h i s  region is shown  coip lex geolog ic

structure, the block tectonics of the crystal basement of

the antarctic p lattorm which create the considerable

anomalies ot geophysical fields (Walker. 1966).

To the east from the belt/zone of tra ns—Antarctic

mount ains, on the Ross Ice Shel f and its islands where the

heights of glacier are changed insignificantly, pred ominate

negative anomalies in free air with ~verage values from —20

to —30 sgml. And onl y in two places — above the

basin/depression with dept h 1000 m and above the island

with dept h 100 a — anomalies comprise with respect 69 and

to +3~ sgml.

Bouguer ’s anomalies on Ross Glacier are positive. They

vary from +20 to +70 myal .  The section cf glacier to west

from Roosevelt Island is separate/liberated by negative (to

-30 sgml) anomalies.
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The gravitational field of Western antarctica is

characterized by ver y large changes in the anomalies f r om

—70 to +150 ajal. However, the anomalies of one sign are

not spread to large areas. The greatest gradients are

observed in region of Sentinel and Ellsvorth Its. wher e

their val ues reach 100—200 Eotvos. To 100 and more Eotvos

are noted the jradients above the Horlick tlountains at the

edge of a deep t r e n c h .

In the northern part of Narie Byrd Land , the reg ions

of negative anomalies are changed by the zones of positive

anomalies. The Rockefeller Plateau is characterized by

• negative (to —70 sgml ) anomal ies; plateau in region of Byrd

Sta. is noted b y  t he  zone of pos i t ive  (to .60 m g a l )

anomalies. On Valgreen Coast also are alter nated the zones

of positive and negat ive anomalies, reflect/represent ing

mainly t he special feature/peculiarities of under—ice relief.1

On Ellsworth Land the anomalies in free air have the

analogous character: the zones of positive (to + 100 sgml)

anomalies are changed bY the Zones of negative (to —40

•gal) anomalies.

1.~a ~~~~~~
—-- 

- -
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The basin/depression of the Filchner Ice Shelf is

characterized by negative anomalies in free air. The Berkner

and Kor f elevations which are located on the uplift/rises

cf under— ice relief, are separate/liberated by posit ive

anomal ies.. As a whole on the glacier of anomaly, they

change from —58 to +63 sgml.

Bouquer’s anomalies in Western antarct ica are repre sented

leaner in comparison with the field of anomalies in free

air due to insutficient study of under—ice relief. On

Ellsvorth Land , the zones of posit iv e (to +60 mgal )

anomalies are changed by the zones of negative (to —60

• mga l) anomal ies.

On the ?il~ hner Glacier, Bouguer ’s anomalies positi ve,

their value reach +70 mgal . The nunataks on Luitpold Coast

are characterized by negative (to —20 sgml) anomalies.

After feeding the result of the characteristic of

gravitational field in the l im b zone of antarctic continent,

it must be noted that the anomalies in free air clearly

record/fix sharp local variations in the relief of stone

A - - -  -— ~~~-
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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

J 

sections, covered with mainland or sh€lt ice. The

geosorph ological 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 hig h

gradients of anomalies. The Vast fields of intense positive

and negative anomalies in limb zone indicat e the a bsence of

isostatic compens at ion these sections. Howe ver, comparatively

low value s of positive reg ional anomalies in the central

regions of continent , intense negative anomalies in

intersountain basin/depressions, small negatiYe anomalies in

valleys in the presence of intense positive anomalies in

limb zone and above large mountain masses, generally

speaking, correspond to the circuit of regional isostatic

compensation. It is hence necessary to assume tha t  as a

whole ant arctica is close to isostatic compensation..

Page 58.

The crust of tne center section of the antarctic continent

ca ved in under ice load , af ter d isplacing heavy su bcrus tal

masses to limb zone. On this, testify the bands ~f

- -- - 
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-
~
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positive and negative anomalies, whic h are pulled in

sublatitud inal direction in parallel to the configurations of

cont inent .

Systemat ic errors during gravimetric investigations in

an tarctica.

The measurements of the force of gravity in the

circumlittoral zone of antarctic continent are conducted with

the aid of gravime ters, the height of points they are

determined by the method of barometric leveling, coor dinate

— in an astrono mical manner and a numeration. In view of

the special conditions of work in antarctica it is possible

tha t  data of some exped itions c o n t a i n  considerable  s y s t e m a t i c

errors  beca use of the  errors of b a r o m e t r i c  he igh t  and  in

smaller measure because of the e r ro r s  s t r i c t l y  of

gr avi m etr ic  determinat ions.

Dur ing  s app ing  of g rav i t at ional f i e l d  to t h i s  fact  by

us was directed special attention, in connection wi th which

vms carried oqt the analysis of the results by means of

the comparison of these different ex peditions in the points

I
— _ _  _ _ _ _ _
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of the intersection of routes or on the closely spaced

points. S uch errors were reveal/detected in the results of

some Soviet and foreign expeditions. In certain cases when

independent direct/straight or indirec t data of err~~rs are

present, they we re 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 ea st

~ntarctica (Stroyev, Frolov , 1970). On Queen Naud Land ,

south of showa Sta. in region 74.5° south latitude and

38.140 east longitude intersect the routes of the expeditions

• of Ja pane se exped i t i on  into 1961 and 9th SAE into

-
• 1963— 196 14 . The d i f f e r e n c e  in t h e  average values of heights

• at isolated points  near the  point of intersect ion of the

routes is 310 m , wh i l e  a d i f f e r e n c e  in the a n o m a l i e s  of

the force of g r a v i t y  is about 140 agal. The resul ts  of

the  m aserements of these ex peditions are represente d in

table 3~ where • is the southern latitu de , X is east

losqitad e,i 5 is height of the glacier a bove sea lev.l,ç~
— height of stone rock/species according to data ,f seismic

sound ings (SZ) (on the points of Japanese route da ta SZ 

~~~~ - ~~~~~ - - ~~~~—-•— ~~—-~~ —~~~~~~ - -
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are not published) , g ,~~ — t he  cbserved value of the

force of gravity expressed in the system of American strong

points , A g — t h e  a n o m a l y  w i t h  red uct ion  in f r ee  a i r ,

ob tained f r o m  the  i n t e r n a t i o n a l  for mula of no rma l  va lue s. - -

Colla ting d a t a  tables 3 on t w o  exped i t ions, we see

that in essence the difference in the anomalies, w h ich

reaches on the nearest points 4—5 and l4~~—5~ —1140 by mgal,

is caused by altitude difference. ; however, even, those who

were observ ed va lue ~~~~ diverge on 35—40 mgal.

Page 59.

Since the observation stations are not accurately combined ,

but difference of heights systematic, difference ~~~~~~~~ be

caused on ly by the s t ruc tu re  of the bed of glacie r , i.e. ,

by altitude difference of stone rcck/sp.cies H,1  which at a

distance 5—6 km must be about 450—500 m. Similar jump/dro ps

in the heights in the mountainous regions of antarct ica are

poss ible, but systematic deviation on the extended section

it indica tes the groundlessness of a s imi la r  e x p l a n a t i o n  in

this case.

We examined in detail all the published material s, and 
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are also discussed the results of woti 9th SAE with some

participants of this expedition . The results of the work of

Japanese expedition were discussed with Ja~anese scientists,

unfortunatel y not with the executors of these investigations.

I t  is establish/installed that the heights of points by

Japanese exped i t ion 1961 on section f r c m  Showa S t a t i o n  to

Ya mato Mountains and further to 75° south latitude are

determined  by t~ e method of route b a r o m e t r i c  l eve ling  s

with 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 a. Dn the

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

çossib].e the errors to 80 a. 

- - - - -
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Ta)’le 3. Comparison of the results of the gravimetric

measurements of Japanese and Soviet ex~editioas.

~~~~~ I ~ I ~~~~ ~ 
~ 

~ 
~aa~jt.,M1~ Aj

(aJ~~~~f l O H c K a R  9 k C f l e f l N l i~~~~~ u . 1 9 6 1

74°09 38°08’ 3134 C3—19 981 873 +6
2 21 13 3159 — 840 —28
3 30 16 3168 C3—20 819 —54
4 34 37 3157 — 826 —53

- 5 40 19 3165 — 838 —44
6 45 22 3198 — 832 —43
7 51 24 3222 — 832 —40
8 57 26 3232 C3—2 1 817 —57

‘~~ ‘9 C A 3 , 1 9 6 3 — 1 9 6 4

3’ 74°07’ 39°22’ 3426 — 981 882 +106
2’ 16 02 3453 — 868 + 990
3’ 25 38 42 3482 — 858 + 86
4’ 35 24 3498 1038 i~ 862 + 88
5’ 42 37°53’ 3523 — 873 +101
6’ 50 72 3536 — 869 + 88

t 1 ~‘ 59 36°49’ 3504 — 883 + 92

Key: (1). points. (2). Japanese expedition. (3). 9th

SAP. -

Page 60.

In 9th SAE on section from the Pole of Inaccessibility

to Molodazhnaya Station was applied synchronous (H~~1)

barometric le v e l i n g  ( s imu l t a n e o u s  readings  of aneroid s on two

-~~ -
-

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - t- •~~~~~~- -~~~-~~~ -- --— -
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Eoints of route wit h the subsequent change in the

instruments and the comparison of their readings). Extent of

• route — approximately 2400 km , the duraticn of leveling —

40 days. The obtained difference from course, equal to 140

s, is dis t r ibuted  even ly  on points  ~ h - -0.8~ (Bug ayev , 1965).

Howe ver, late resul ts  were reexamined : heights  were

calculated re la t ive  to Molodezhnay a Stat ion (H 6H ). Al t i t ude

difference, obtained by the indicated methods, varies from

--36 to — 351 a. Average value - R
6H 

- —105 t 17 a~ 
a.

FOOTNOTE t~~ Here and below the errors are calculated under

the condi tion of equal accuracy of data, ENDFOOTNO? E.

Indep endent control on section from Nclodezhnaya Station

to 68.3° south latitude is carried out on the map/chart of

Enderby Land of natural size 1:1 000 000 (Atlas of the

Antarc t ic, 1966) . Elevat ions  on map/chart are ob ta ined  by

aeroradiobarometric  method wi th  accuracy ± ( 5 — 6 )  a. Hor i zon ta ls

are carried out th rough  100 m. Alti t ude d i f f e r ence  on 4

Foin ts of this section u- u  - -130 ± 20 I_

At the end 1966, were pu blished in the form of
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curve/grap hs the preliminary results of American exped it ion

1965— 1966 (Beitze l. a.o., 1966), laid route trom South Pole

tc Pole of Inaccessibility and further for vest to turning

point and then through the southeast to the newly organized

Am erican Plateau Station (0 79°15’ south latitude - ; X

40°30’ east longitude; H = 36214 a). HoutQs 9th SAF and

American expedition intersect at point 80°20’ south latitude.

American expedition also applied barometric leveling. As

strong point ser ved st ation the east. For the observations

of air pressure, they served 12 baromete rs (altimeters). The

values of heights we have Obtained from the curvefgrap hs

into two hands by repeated measurements with the graphic

error of one measurement 4(20—30) a.. A difference in th~a

aV.raqe values of heights on the sections of routes of the

FOint of their  intersection render/ showed cn this section of

syst sm~t ic: . - -IlO t lo m. Consequently, the direct/stra ight

com parisons of th. values of the heights, accepted 9th SAE ,

w i t h  the heights , obtained from other four sources from

which three independent variables, show that in heights 9th

SAE is reveal/ detected the  s y s tem a t i c  err c r  of o r d e r

4(100—130) m.

Let us show now t h at  and some indirec t signs confirm

these conclusions.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~ -~~~~~~-
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The overall statistical relatjonshj~/ratjos between the

anomalies of Fayc and effective heights, establish/i nstalled

by A.. I. Frolov for central regicns and the h u b  zone of

east an tarc t ica, take the form:

the central regions

a~~- —2s+3oa(~~~- :1e mgal),

the limb zone

A~~— 49 R ( •— —18 mgal)

hete 11 — ef fective he ight , km , ~~ . — the error of
equa tion.

Pa ge 61.

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

of Inaccessibilit y where the heights are obtained by

geodetic leveling , the dependence pointed cut above takes
- 

, the form:
~~~~~~

- —85+ 64 H ( - v’r~’~& I ) .  (3)



— ,I—
~~~~

— 
~~~~

_ _ _  

• _ _

DOC 78008703 PAGE 15

Let us use these average statistical relationship/ratios

• to the sections of route 9th SAE, after isolating central

regions from 82° to 74° south latitude and limb zone 0 <

700 south latitude. For the section of central zone, we

have 
~
g = +42 inga]. and If 1..48 km . For sec t ion of l imb

zone ~g +110 agal and H = 1.20 km.

Subst ituting the value of K = 1.148 in formulas (1)

and (3), but H = 1.20 into formula (2), we will obtain

with respec t ~g = +20 to agal; ~g +10 mgal; ag = +59

mgal. Differences in the expected anomalies with actual will

be .22, .32 and +51 agal. On an entire route the actual

values of anomalies are overstated from +20 to +50 agal,

and in average/mean by approxi mately +35 agal, w hic h

corresponds to the  error  in he igh t  of app rox ima te ly  .110 a..
¼

The investigations of the heights of geoid (Frolov ,

1967) ind irect ly confirm the errors of data 9th SAE. In

sector 30—60° east longitude of t he heig ht of geoid,

obtained from defective data 9th SAB , they proved to be

________________________________________________________________________________________ 
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overstated in comparison with the heights, brought out from

observat ions of artificial Earth satellites, on the average

cn 25 a..

Thus, straight lines and indirect prcof indicate that

the heights 9th SAE contain the systematic error o t  order

.120 a.

On the basis ot the results cf the investiga t ions of

the height of points 9th SAE have been we corrected from

-
, 81°38~ south latitude 450330 east longitude to 75°145’ south

latitude 32 °48 ’ east longitude on —100 m , and of 7c0391

south latitude 3J°24’ east longitude to 67051~~ south

latitude 45048. east longitude on —125 m~.

As concerns of these Japan°se expedition , then is

ob vious onl y r elat i ve  (according tO correc ted data 9th SAE)

sy stema t ic error ot order —180 a on the section of the

intersection of routes. However , data insufficient ly, and

these results should leave thus tar without change.

The made conclusion/derivations are confirmed by data of

geodetic leveling on route 12th SA ! int o 1967 from

f lo lodezhnay a  Station to the Pole of Inaccessibility ‘. 
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FOOTNOTE 1
• Simultaneously here was fulfille d barometric

leveling . ENDFOOTNOTE.

This route from Molodezhnaya Station to 69° south latitude

jasses near route 9th SAE , somewhat east it. Differe nce in

longitude of points is from +5 to +2~’. and from 69 to

72° south latitude — from +16 to +65’.. Fur ther t~ the

south route l2th SAE retains direction in the pole of

inaccessibility an. ! far is deflectjdiv erted to the east from

route 9th SAE.

On section from Molcdezhnaya Station to 69° sout h

latitude altitude difference on six points with egu-a l

l a t i tudes  varies f r o m  — 84 to —158 a. A v e r a g e  v a l u e  — 132 ± 4

a.. Thus, on this section is c o n f i r m e d  t h e  s ys t e m a t i c  error ,

obtained from the marks of the aa~/chart of Enderby Land

(130 •), a~ d is e s t a b l i s h/ i n st al led  t h e  real ran d om e r ror

of the taken barometric values of heights t3~ •.

Page 62.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -~.•
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On section from 69 to 720 sout h latitude with the

equa l latitudes of altitude differ ence, they change from —14

to +27 m. Average difference .12 a. However, on this

section from route 9th SAE to ro ute 12th SAE, jud ging by

the map/chart of Enderb y Land, the surface of gla:ier

noticeably it is raised to the east, and the horizontal

they go under azimuths of approximately 60°; therefor e the

t extrapolation of heights it cannot give reliable result.

From 72° south latitude of altitude difference of points

with equa l la t i tudes, again become n e g a t i v e , reach ing  125 a..

~ut 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 in 12th  SAE

heights  wer e d e t e r m i n e d  by t h e  method  of s y n c h r o n o u s

tarometric leveling.

Route of 12th SAE accuratel y intersects route 9th SAE

at the turning point of the latter. It is of interest to

compare the  heights  of two expedi tions .  According to data

9th SAE in the vicinity of point of intersection medium
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altitude i~ 3347 a (it is direct at turning poi nt U

3318 a); according to data of 12th SAE Li = 3317 m (it

is direct at point of intersection H = 3286 u). Altitude

difference does not exceed 30 a. It would seem that the

hei ghts 9th SAE do not contain considerable systematic

errors (com pariso n it goes in all over one point). Howe ver,

on route 12th SA E Pole of Inaccessibility — Novolazarevskaya

is obtained difference 314 m. This value indicates tha t in

the case of variable pressure gra d ient on this rou te, if

we do not consider its effect, this can lead to

significan t systematic errors.

Furthermore, on route Molodezhnaya — Pole of

Inaccessibility difference in the determination of heights by

barometric met hod proved to be equal to 112 a. The

comparison of the  equal ized barometr ic  h e i g h t  °n th i s  route

w i t h  geodet ic h e i g h t s  shoved that altitude differences vary

from +13 to —5 9 a, the differences having by sect ions

systematic chara:ter Average on route it gives systema tic

difference —17 m. Without taking into account this

sys tema tic dif fer ence, is obtained the roct— mean—squ a re error

in determination of heights by barometric met hod, equal to

.26 a.
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Final l y, it is interesting to com~are heights at

Plateau Station. In 12th SAE is here obtained the height

3686 a; according to American data (Picciotto , 1966), it i~

3624 m, i.e., disagreement is equal to 62 a. Thus , and in

these 12t h SAE there can be errors, but into data 9th SAE

the presence of the considerable systematic error does not

ca use doubt .

In connectiOn with the reveal/detect/exposed alt itud e

errors and gravitational force of Foints 9th SAE arises the

question also concerning the reliability cf the results of

determinin g the heights cf under— ice relief by this

expedition.

If the results of the seismic determinations of

expedition are reliable and obtained independently of the

graviactric, then the reveal/detectjexposed systematic errors

in heig ht of points will change With respect (100—125 m)

and the results of the determinations of the heights of

the bed of glacier..

Page 63.

However , if on some points of ref lect ion were u n c e r t a i n  and

—.. ~~~~—--—— ~~~~~~~~~~~~~~~~~~~ 
-
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“were correlated” by means of the analysis of gravimetric

(also erroneous!) data, then was possible another

interpretation. The executors of work (Kapitsa , Sorokhtin ,

1965) note that on section from the Pole of Inaccessibility

to Plolodezhflaya Station an interval between the poi nts of

seismic sounding s (SZ) was 200 km. Of 21 points of SZ on

route Vostok — Holodezhnaya at twelve points were obtained

sharp ref lections; at seven mirror points, they were

correlated less c o n f i d e n t l y ,  and  d e t e r m i n a t i o n  or t h e

selection between the axes of cophasality was necessary to

make on the basis of the anal ysis of graviaetric data; at

two mirror points, they were not obtained entirely. It is

not shown that at which ccncrete mirror points are obtain ed

uncertain.

All this gives grounds to assume that and in the

determinat ion 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 scientist s

on the route Pole of Inaccessibility — turning point —

plateau Station. This circuit is constructed according to

data of 16 points of seismic— refraction soundings and 136

grav imetric points. On this same circuit by dotted line is

shown the boundary ice — stone rock/species, constructed 
- 

-

- — - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______________
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accord ing to data  9 th  SAE (kapi tsa , 1966) ~ As can be see n

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 Station to the Western

Plain of the height of under—ice relief, according to

American data , remain positive at a distance •ore than 450

km . The bottom of glacier has the complex, separated

character, forming mountains with height acre than 1200 m

and basin/depression with the heights lower than sea level.

In the point of intersection of routes 9th SAR and the

expedition of the USA , we hav e disagreement s in the height

of under— ice rel ief 700 a. Under Platea u Station instead of

high mountains (with marks of approximately 2000 a,

according to data 9th ShE) we have positive heig ts 500—600

a.

Thus, Western Plain, which occupies in detailed •a Fs

(Atlas of the An tar ct ic, 1966; Kapitsa, 1966) enormous area,

is confirmed by Amer ican investigat ions only for

extent/ elongation 150—200 km.  Where on circuits (atlas of

the antarc t ic)  is show n basin/depression, are raised

mountains. , The isolines 1000— 1500 m, wh i c h  f i x  the

Ve rnadskiy Mountains as continuation of the Gamburtsev

LA - - - - - -~~~ — - ___________ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - -
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mountain system, are not confirmed. Accordin g to Ameri can

da ta , here the heights of under—ice relief hardl y reac h

500—600 m .

publish ed 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 ShE. In the diagram it is evident that on the

1000—ki lometer  route instead of mountains by height more

than 1700 a (according to data the 9th SZ) is an

under—ice basin/depression with marks —206 a. And only from

the IlOOt h kilometer of route begins uplift of the ba sic

bed of glacier. On 800 south latitude and 52° east

longitude where according to data 9th ShE is designa ted the

apex/ver tex of V e r n a d sk i y  Mts. (more  t h a n  2000 a ) ,  accord ing

to data of 12th SAE , the height cf under—ice relief is

1047 a..

I ~~~~~~~~
-- - -_ _ --
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Fig. 1 .  Map of under—ice relief I and 11 — relie f of

topog raphic surface; 2 and 6 — depths according to data

9th SAE; 3 — dept h according to dat a of expedition of the

USA ; 5 — deep according to data of 12th SAE.

Key: (1). Novol&zarevskaya. (2). QUee n MaUd Mts. (3 ) .  Yama to

Mountain. (4). Showa. (5).. Nolodezhnaya. (6). West Plain.

(7). Plateau Sta. (8). Vermadskiy Mts. (9). (lawson. (10).

Pole of Inaccessibility. (11).. Sovetskaya. (h a). Ga mburtsev

Nts. (12). Plateau Sta. (13). point ot intersection of

routes.. L14). Turning point.. (15). Pole Ct Inaccess ibility.

(16). Pole of Inaccessibility. (17). Nolodezhnaya.

\~~age 65.3 It is i n t e r e s t i n g  to note  tha t at  the  Pole  of

Inaccessibility the difference in the determination of the

power/thickness of glacier by two Soviet expeditions composes

840 m.

As a result of the carrie d out anal ysis, it is

possible to sake the conclusion that the Vernadskiy Mts.

(if really/act ually they there exist) scarcely whether to

compe ten tl y stretch in the for m of mountain range in

meridional direction to Cook Peninsula and the Gunnerus sand 

_________  ________  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:-- —
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bar. Those mountains discovered enrou te can be attribut ed to

the Yasat o and Gamburtsev mountain system which are divided

between themselves with considerable under—ice plains.

Some Special feature/peculiarities of the gravitation al field

of the south ocean and antarctic its communication/connection

with the deep d istributicn of masses of the Earth..

Besides the common/general/total lines of gravitationa l

field, which are inherent in the specific morphostructure

cell/elements of all parts of the south ocean, it is

possible to note some special feature/peculiarities of field,

wh ich relate to the overall regions of the Souther n

Hemisphere. So, in the Atlantic sector of South ocean

Argentine and Cape Basins with identical depths are

characterized characterized by the different values of

anomal ies in free air. For the Argentine basin are

characteristic nega t ive  anomalies  f rom —10 to —20 mga l,

whereas the Cape and Aguihas 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 Indian -ector of 

i~~ —~- 
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south ocean. The African—Antarctic Basin is characterized by

considerable positive anomalies, the A ustralo— A ntarctic Basin

— by sma l l  positive and b~ places by negative anomalies.

At the same time Western Australian and Southern—Aust ralian

basins are wholl y characterized b~ the f i e l d  of considerable

negat ive  anomalies. Moreover t he  band of nega t ive  anomal ies

from A ustralia is stretched to the southeas t into the

Australo—Antarctic Basin and furthe r 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 bot h on the scatter of the

values of anomalies for one and the same intervals of

dept hs and of the average value Cf these anomalies in the

appropriate intervals of depths the western part differs

from the east. As a whole western part is characterized by

the average value of anomalies +12 mgal. east part has the

average  value of anomal ies  —10 agal.

Page 66.

Besid es this overall differe nce, for an Indian sector

are d i f fe rences  in t h e  smal ler  order . So , Moz ambi q u e basin

- - - ~~_ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

~~;. ~~~~~~~~~~~~~~~~~~~~ 
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is charac terized by negative anomalie s, whereas adjacent

Crozet Basin is noted by smal l  positive anomalies in free

a i r.

In the Pacific Ocean sector of the south ocea n of

such d i f f erences, it is not observed. The regions of

positive anomalias are changed by the regions of negative

an omalies within the limits of uniform morphostructure

cell,’elee~ nts.

Field examined abo ve gravitational (observed on the

earth’s sur face) will agree well with the field of the

anomalies of the force Of gravi ty obtained from the

observations of artificial Earth satellites (K6hnlein , 1966)-

Here dist inctly are separate/libera ted the western (region of

positive anomalies) and east (region of negative anomalies)

parts of the Indian sector of south ocean. In Atlantic

sector to north from 50° south lati tude (region of

Argent ine  basin) western par t  is charac te r ized  by n ega t ive

anomalies, whereas east part is separate/liberated by the

posit ive anomal ies  of the force of g r a v i t y .  East i n ta rc t i ca

to 130° east longitude is charact erized by positive

anomalies, wherea s Wilkes Land , Victoria Land , and almost

entire/all Western antarctica are noted by negative 

-- --  - - -~~~-- - - -—-- - —-————~~~~~ ----- ---~~-——------~~- --- =~~ — —~~~~~~~~ —-———~ --—----—- -—~~—--~~~
---— —
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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 surfa~~ bot h in

the Seflse Of loca tion of these anomalies and in their

intensity.. The ancaalous 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 stiucture of the earth’s

crust.. Plausible explanation for this, obviously, is

assumption (flagnitskiy, 1965), that the sources of these

disturbances of gravitationa l field lie/rest on considerable

depths at the mantle ot the Eart h. This does not

contradict the :ontemporary concepts about the structure of

crust and mantle of the Earth and confirms the va stness of

ancmalous regions.

Basic features of anomalous gravitat ional field are

confirmed by the na p/charts of the heights of geoid . At

present accord ing to the observed dat~a of the orbits of
- 

- 
artificial Earth satellites by different authors are

- 
- comprise d the map/charts of the excesses of geoid relative

to ellipsoid. Examine/considered by us the region of the

_ _ _ _ _ _ _ _ _ _ _  
4



—
~:~~~~~Tii ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DOC 78008703 PAGE 4~ / ~. ‘~

south ocean and antarctic is separate/liberated (Gaposchkin,

1966) by the intense positive (tO -s- L45 a) and nega tive (to

—65 m) excesses of tjeoid. So, east antarctica (besides

L Wilkes and Victoria Lands), the western part of the India n

sector, the east part of the Atlantic sector of south

ocean are chara:terized by the positive heights of geoid.

The Western antarc tica, Wilkes Land , Victoria Land , and also

the east part of the Indian sector of scuth ocean ha ve

negative heights.

!
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Fig. 17. Dependence of anon~ilies in free air on depths of

bo ttom of Indian sector of south ocean. Compiled by P. A.

St roye v

aJ the w•stern part: H - ~~~~~~~ ~: Aj- +15 mqal;
H — 4000..5000 u; - +10 - -

H • ~OO0 i 60OO u~ - +i~

av erage ~-j 
.

b) the east part: H • 3000,4000 N ;  Al - ~~

• 4000.5000 M - ~l0~~~- ’
- ~O0O p 8000 M~ 
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Page 68.

The excesses of geoid relative to ellipsoid as the

anomaly  of the force of g r a v i t y  can be interpreted fr c .

the v iewpoint of the deep struc ture of the earth’ s cr ust

and upper mantle. The waves of the surface of geoid are

divided into the Waves of the first, seccn d and third

Orders.. Largest, the first and second order of the wave of

geoid are caused by the hor izontal density heterogeneities

of upper mant le, which cover enormous areas. Consequently,

the density of the substance of the upper mantle of

regions wit h positive anomalies and positive excesses of

geoid is somewha t above, rather than the density of the

mantle of regions with negative anomalies and negative

excesses of geoid. A difference in the densities can reach

O.0’I—O .OS g/cm 3. The de pt h of penetrat ion of the  anoma lous

de nsity substance of upper m an t l e  in the  south ocean and

the antar ct ic, probab ly  reaches several hund reds of

kilome ters. on t h i s, testifies the  fie ld  of the anomal ies

of the for ce of g r a v i t y  calculated according to t h e

observations of a r t i f icia l  Ear th  satellites for h e i g h ts  1000

H-
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and 10p00 Km .. The regions of negative and positive

anomalies  are retained at high altitudes, it is logical ,

decreasing in i n t e n s i t y . .  This  c o n f i r m s  t h e  cons ide rab le  depth

of occurrence and  t h e  vastness of the  a n o m a l y — f o r m i n g

masses.

There is information about the fact that in regions

w i t h  the  pos i t ive  a n o m a l i e s  of the  force  of g r a v i t y  t h e

heat flux is somewhat lowered/reduced as compared with

aver age w orld value s, while in regions with negative gravity

an om al ies are observed the increased values of heat flux

(G irdler , 1966). Is planneL correlation between the

gravit at ional 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 A merica, African—an tarctic elevation) , while regions

With negative gravitational field are characterized by

sha l low—focus  e a r t h q u a k e s  (A u s t r a l o — A n t a r c t i c  e l e v a t i o n ,

Southern—Pacific Ocean spine/ridge). Are reveal/detected the

differences also in the distribution of volcanism.

A re obser ved finally the di f ferenc es also in the

character of the magnetic field of the Southern Hemisphere.

Figures  18 gives the  map/char t  of wor ld  .aqnet ic ( A Z )
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anomalies (Kropachev, Kolesova, 1967).. The region of posit ive

magnetic anomalies (to +B00O~) covers the western part of

the Ind ian sector , the Atlantic sector of south o:ean and

the large part of east anta rctica, the region of negative

magnetic anomalies (to —L10007) are an east part of the

Indian sector, Western Australia, Wilkes Land and V ictoria

La nd . Consequently, the regions of positive magne t i c

anomalie s completely correspcnd to the regions of posi tive

H gravity anomalies, and , on the contrary, the zones of

negative magnetic anomalies correspond to the zones of

negative gravity anomalies. 
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Fig. 18. Field of world magnetic anomalies ~Z (hundred of

gammas)  (per Ye. P. Kropachev and V. I. Kolesova. 1967).

Page 69.

a

Some resear:hers (Girdler , 1966) tzy to explain all

d i f f e r e n ces in t h e  proper t ies  of uppe r  man t l e  p o i n t e d  out

- above by  the  c h a r a c t e r  of th e  convect ion  cu r ren t s .  So, in

regions w i t h  pos i t ive  g r a v i t y  a n o m a l i e s  and  t h e

lowered/reduced heat  f l u x e s  is assumed the  e x i s t e n c e  of the

descending ( o m i t t i ng )  convect ion  c u r r e n t s  in  m a n t l e .  Hence  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-~~~~~ - -~~~~~~ - - ‘-~~~ -_ --- - - —  - -
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and the large depth of focus of earthquakes. Regio ns with

the  n e g a t i v e  gr a v i n e tt i c  a n o m a l i e s , incr eased by h e a t  f l u x e s

and shallow—focus earthquakes are joined wi t h t he  a s c e n d i n g

convection currents of the  subs tance  at  m a n t l e .

How e ver , is possible a n o t h e r  ex p l an a t i cn  of these

differences. Specifically, the different intensity of the

process of the  d i f f e r e n t i a t i o n  of the sub s t ance  of upper

mantle in the western and east pa rts of the Indiar’ sector

of south ocean , in Western and east antarctict can to

satisfactorily explain the observed special

feature/peculiarities in the distribution of the physica l

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 uppe r mantle (Vinogradov ,

1966; Belousoy ,  1968) . 

-- --- -- - -- -~~~~~~~~~~ -
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Page 70.

Chapter IV.

THE THICKNESS A N D  SOM E L I N E S  OF THE S T R U C T U R E  OF THE
N

EARTH’S CRUST IN THE SOUTH OCEAN A N D  T H E  C I R C U M L I T T O RA L

ZONE OF ANTARCTICA.

Methods j f  t h e  study or power/thickness and structur~’ of

the e a r t h ’ s c rus t i n t h e  a n t a r c t i c .

It is poss..1e t i  consider  at present as established

the fact that th, thicknes s ot the Earth’s crust varies

f r c m  5 to 70 k i  an i it is d iv ided  in to  two basi c types

— cont ine nta l  a n d  oceanic. These types  of crust s h a r p l y  are

d i s t i ngu i s h e d  by s t r u c t u re  and h i s tor y of development. For

t h e  c o n t i n ent a l  t y p e  of the  e a r t h’ s c r u s t , are

charac terist ic i t s  h i g h  th ickness  ( f r o m  30 to 70) ,

tkr ee— lay.r.d com posi t ion (p rec ip i t a t io n , t h e  “ g ran i t e ” and  

------ - —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~*- --- --- ----—-
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“basalt” complexes), large variability of the

relationsh ip/ratios of the thicknesses of layers and entire

thickness of crust. The oceanic type of crust differs tron

the continental in the fact that it has smaller thickness

(from 5 to 15 km) , is completely excess “granite ” laye r

and consists, besides p rec ip it a t i on  and  t h e  m e t a m o r p h i z e d  and

volcanogenic rock/species of low powe r/thickness (the

so—called second oceanic or s u p r a —b a s a l t i c  layer) , onl y of

one layer , a c c o r d i n g  to t h e  geophys ica l  indices of close to

“basal t” .

Under the  e a r t h’ s ctust  lie/rests the  shell or t he

mantle of the Ea rth w h i c h  is div ided  i nt c  two lay e r s  —

uppe r and lower m a n t l e .

Thick ness of the Earth’s crust, as is know n, it is

now determined by the method of dee p seismic sounding

(GSZ), on the basis of data of seismology or by the

indirect methods, based on the empirica l relationship/ratios

betwee n t he  t h i c k n e s s  of crust and the relief Of its Upper

boundary or between the thickness of crust ani the

anomalies of the fo rce  of g ra v i t y  in the reduct ion of

u g ue r.
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The ge neral idea of the  thickness of the Eart h’s crust

of antarct ica gives the analysis of the dispersion of

channel waves P and L~

The analysi s there of the earthquakes, which intersect

cont inent  in d i f f e r e n t  d i rect ions, makes it possible to make

the conclusion t h a t  for an ta rc t i ca  is character is t ic  of

co n t inen ta l  type  crust , and for  the  which su r rounds

cont inent  ocean — an oceanic crust.

Deep SeisaiC sound ing  in antarc t ica  was not conduc ted;

therefore jud gment about the structur e of the earth’s crus t

of ccnt inent  remains  to be make  on ly  on the basis  of

indirect methods. To the same is related the a p p r o x i m a t e

• computat ion of the thickness of crust according to Bouguer ’s

anomalies. The recalculation of mean anomal ies  into the

depths Of Moho surface can be carried out under some

assumption s about the  average densit ies of crust  a n d  man t l e .

Howe ve r, difference in the real  dens i ty  of crust and mantle

from the taken average densities, the deviat ion of some

units  of the earth’s crust from pos ition of equili brium and

ot her factors  decrease to a considera ble ex tent the accuracy

of obta in ing  depths  of up to Mohoro v icic’s boundary. With

the other met hod of the indirec t determinat ion 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 statistical

relationship/ratios, obtained for the thicknesses of crust,

on one hand , and t he  anomalies of Bougu er  or heig hts of

external relief — on the other hand . For an tarc t i ca  in

view of the absence of the de te rmina t ions  of the

thicknesses of crust by method of GSZ these

relationship/ratios it is necessary to ex t rapo la t e  f r ’ m o ther

regions. Such relationship/r atios for antarc t ica  were obtained

by G. 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

cr ust of antarc t ica  and adjacent  to It  part  Of ~cean was

evalua ted at + 3 — 5 km (systems, etc., , 1967) . For the

south ocean of such relationship/r atios, unt i l  now , it was

not constructed.

ly  ‘he at  presen t i n t e r n a t i o n a l  un ion  of geodesy and

~ ~p~ psi i ;ts is prepared f o r  p r e s s/p r in t i ng  the  map/c ha rt of

.1 s.t ot ~oho surface. during the utilization of

-- - - —

~

-

~ 
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g r av i m e t r i c  data and relief , is r e c o m m e n d e d  the  fol lowing

procedure Of the determination of the depths of Mo ho

sur face  (JUGG . 1967) .

The de pth of the  Moho boundary  from gravimetric data

is determined f r o m  the  statistical dependenc e betwee n

~ohorovicic ’s depth (H) and the  average  values of Bouguer ’s

anomalies (&j ~
) Radius of the averaging of anomalies  R =

100 km. This dependence line-ir  is expressed by the  f o r m u l a :

( I )

where A — depth of Moho surface wit h Ag = 0;

B — the coeffic ient, whic h indica te s rate of change of

the anomal ies  in points  x and y (or r a t e  of change  of

Noho surface); in other words — this the ho r i zon t a l

gradient of the force of gravity which is determined

experiment ally for regions where there is ano.aly of the

force of g r a v i t y  and depth of Moho su r face  by the f o r m u l a :

B = ~
--‘s1’-

~ 
— 

- (2)
N (z) — N(7)

K is the coe f f i c i en t, which  characterizes  the  t y p e  of

the  earth’s crust (cont inenta l, cceanic, intermediate) ; C is

an error in det e rmina t i on  of the depth  of Noh o su r face ;  it

* 

~~~~~~~~~~~~ 

- 

~~~~~~~~~
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also is de te rmined  e x p e r i m e n t a l l y  for  r eg icns  whe re  the re is

anom a ly of t he  force  of g r a v i t y  and dep th  of Mo h~ su r face .

For values ii ~~ w i t h in  l i m i t s  ±20 0 m ga l  and r e s p e c t i v e l y

for the depths of N oho surface from 20 to 60 km of

constant  va l ue ar e  d e t e r m i ne d  t h e  fo l l o w i n g :  A = 33; K =
1; B = 10; C = ± 10 km and f o r m u l a  (1) t akes  t h e  f o r m :

Hr33_ 4~~~ lO. (15

Pa ge 72.

This to f o r m u l a  gives the  a pp r o x i m a t €  values of the

dept h of N oho s u r f a c e  and it is r ecommended fo r

appl ication/ use o n l y  for  region s wher e t h e r e  is no GSZ. For

regions where there is data  of GSZ, f o r m u l a  ( 1) is

determined experimentall y. In  these cases for t h i s  region,

are de te rmined  t he  values of c o e f f i c i e n t  ci A and  t h e

r e su l t i n g  coe f f i c i en t  KB. E r r o r  C in these cases is

determined also experimentally and, as a ru le, lie/rests

within limits ±(2—4) km.

For regions whir. at. more t han  ±200 mg a l , i.e..

for ocean ic type crust or for high—mountain reg ions , a

value con stant  A and  B t h e y  remain the same as and for a

I 
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“nor mal ”  c o n t i n e n t a l  crust , i.e., A = 33, B 10, bu t

coe f fic i en t  K is increased to 2 and more.  Formula  (1)

loses stabi lity and onl y very  rou ghl y characterizes thickness

of the Ea r th ’ s crust .

In t hose reg ion s where  not the  gr av i.e t r i c  mea su re ment s

where were not conducted the seismic soundings and there

are no seismoloj ical  da ta , fot d e t e r m i n i n g  t h e  dept h of

Noho surface it is possible to utilize a dependence bet ween

the  depth  of the  s u r f a c e  of the  ear th’ s crust and area

relief .  Spec i f ica l ly ,  is proposed H. N. D em e n i t sk a ya ’ s

formula:

H; 33th(0,38 Ah — 0, 18)+38 , (3)

where  H is t h i c k n e s s  of the e a r t h’ s c rus t , km;  Ah —

heigh t f rom sea level , km (on d r y  l and  has positi ve va lue ,

at sea — nega t ive) .

However , f o r m u l a  (3) v e r y  app rox ima t e, the  accu racy of

the deter mination of the depth of the Noho surface or

t h i ck ness of the E a r t h ’ s crust  in t h i s  case is m u c h  lower ,

rather than on the gravimetric and facts it is mare

accord ing to seismic data. Whole the fact is that

dependence (3) assumes the presence of general/universal

~

_. —~~-— -~—-
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isostatic compensation , while real devia tion f rom t h e

condition of equilibrium can be very considerable. So, for

island arcs and abyssal trenches are characterist ic intense

positive and negative (more than ±100 mgal) isostatic - 
- ;

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

the earth’s crus t gives power/thickness 10 km and more.

w i t h  the  use of the  dependence b~ tw c e n  the  d e p t h of

Moho surface and the anomalies of the force of gravity,

the devia t ion  f r o m  isostasy to a cer ta in  degree is

considered in t h e  averaged  anomal i e s  in free air , whic h are

c]cse to isostatic.

De pendence between the dept h of t h e  Moho s u r fa c e  m d  the

anoma lies of the force of g r a v i t y  and  some specia l

fea tu re/p ecu l i a r i t i e s  of crust  and mant le  in the  s ut h ocean

and the an ta rctic.

Using the available of author gravimetric and seismic

mate r i a l s  fo r  the  region of south  ocean and t h e  l imb zone

of an ta rc t i ca  being investigated are constructed the

de pendences of t h e  d e p t h  of N oho  s u r f a c e  (H , km) on



~ - - -- -~ _~ - —--.- - - - _ -
~
-

~~~~~~~~~~~ 

-- - I

DOC = 78008704 PAGE 9 
I~~~~

t ’

average d anoaaii.s of the force of gravity in the red uction

of Bougu sr (&j6 ). Ave rag ing  is ca r ried out  on squares  167

x 167 km. Results are represented in  Fi g.. 19.

Page 73.

In the range of anomalies +100 agal, there is eight

points w i t h  the  dep th  of Noho su r face ,  obtained t r o m

industrial and atomic explosions (Africa, Australia, New

Zealand) and  f r o m  da t a  of deep seismic sounding ( S t r a i t  of

Magel lan , Lord H o w e  Rise in the Fij i  Sea). The o b t a i n e d

for  the m dependence l inear  is expr essed ty  the  f o r m u l a :

H . 31 5—0 09 Ej~ - (4)

This formula agrees closely with formula (1). The mean square

deviation 1~ determining the depth of the Mokhorovichich surface

from forthula (1) from a comparison 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 tne outsldrts of the continents in the Southern

Ocean .

For crus ts 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 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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obtained:

H - 32-O.057ü5. - 
(5)

This formula will agree well with the dependences ,

brought out by other previously authors and by us and

taken for the calculat ion of power of crust (Gladun , e t c . ,

1963 , 19614; Grushinskiy , 1961; Stroyev , e t c . ,  1967; Frolov ,

1965  and others).

However , dependence for  oceanic crust ( 5 )  will not

agree with formula ( 1 4 )  for a continental crus t in the

region of t ransi t ion 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 t ransi t ion zones

the earth’s crust has comp lex structure , here are observe d

considerable deviations from isostasy.

L
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Resea rch on Seismic cut/ sections in t r ans i t i on  zone s it

showed that  shar p t h i c k e n i n g  of crust correspond of

s u f f i c i e n t  to na r row zone con t inen ta l  slope and p a r t l y

shelf..  In the region of con t inenta l  crust , appears ‘g ran i te”

layer. Beca use of th icke ning “g ran i t e” and “ basalt” layers

occurs an increase in t he  th ickness  of crust on continent.

The earth’s crust of transition zones is presented by the

series of uni ts  w i t h  the d i f f e r e n t  depths of the boundaries

Cf consol idated crust, Conrad and Mohorovicic and diffe rent

ph ysical properties ( ra te , densities) on these boundar ies .

Transi t ion f r o m  one un i t  to t h e  next  is accompanied b y  an

abrupt change in the cut/section of the earth’s crust. In

connection with the bloc k—like nature of crust scarcely

whethe r i t  is possible to assume tha t  t h e  Mo h o s u r f a c e

during transition from ocean to continent remains

“con tinuous” and simply it is immersed under continent. The

boundaries of units pass along faults. The presence of ice

load on antarc t ic  cont inent  and its repeated ch a n g e  even

more contributed to the breaking up of the earth’ s crust

in the circmmlittora l zon. of anta rctic platform. This same

thing is a t t es ted  to by considerable i sos ta tic  anomalies in

the limb zone of Antarctica (systems , Frolov , 1969).
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Pig. 19. Dependence between depth of M oho sur face  and

Bouguer’s anomalies for south ocean and antarctic. Compiled

~
y P. A. Stroyev 1 — rift zones of Indian ocean ; 2 —
the Atlantic sector of south ocean; 3 — Scotia Sea and

Drake Passage; 1$ - the Indian sector of south ocean; S —
the Pacif ic Ocean sector of south ocean; 6 — land (Afr ica,

Aust ra l i a, New Zealand , south Amer ica)

Page 75.

____________ -~~~~~~~~ ----- --
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Break of regression lines in Fig. 19 at the  values of

Bo ug ue r’s anomal ies  • +200 igal reaches in the  th i ckness

of the Earth’s crust of value of approximately 7 km. In

order to avoid this during the construction of the

ma p/char t of Mohorovicic ’s isodepths according to gravimetric

data, I determined dependence with quadra t i c  member according

to all data (eliminating the case of rift zones).. As a

result is obtained the formula:

H -30,7-O ,064 +4~,OOO~J3 &j~~. (6)

Putting to use this formula, we determined the depth of

Noho surface in the range of anomalies from +100 to +250

‘gal.

AS is know n , on the dispersioj~ of points rela tive to

regression lines it is possibl e to  eva lua t e  the  e r ro r  in

determination of the depth of Moh o surface from the

f o r m u l a s  pointed out above. For fo rmula  (4) we have t ,- -I ,2

km , for formula (5) i, -~2,e km. Estimation, carr ied out

on several control points , gave error •, -~ 2.5 km. T h us,

putting to use formulas (4), (5) , (6), vi w• obta in the

depth of Moho surface according to gravimetric data with

the root— mean—square error s N s t2 .3  km.
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Analyzing Fig. 19, one should focus attention on such

special feature/p eculiarit ies. First of all this

re lationsh ip/ratio between th ickness  of t h e  Ear th ’ s crus t and

the  anoma lies of the  force of g r a v i t y  f o r  r i f t  zones of

Ind ian Ocean. it is expressed by the formula:

H — 11 .5—0.014~i~ . (7)

This dependence d i f f e r s  s ig n i f i c a n t l y  from a l l  ot he r

communication/connections. This indicat es to completel y

differ ent, the peculiar type of the earth’s crus t, shar p ly

different from the crust of oceanic and continenta l ty pes..

Further one should focus attention on the points,

pertaining to Atlantic Ocean. This is almos t continuous

FrofiAe of GSZ, carried out in Argentine basin from the

Mid—Atlant ic spine/ridge to the continental slope of south

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

sufficient ly far apart (100 km and more than). As is

evident in Fig. 19, these points are separate/liberated into

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

Pacific Oceans. This fact characterizes the regional special

fea ture/peculiarities of the structure of the earth’ s crus t

and upper mantle  under the bottom of Atlantic Ocean.

Earlier by us (Stroyev , Gaynanov, 1965) were compri sed the 
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graph/d iag rams of the dependence of anomalies  in fr ee air

and Bouguer on the dept hs of the bottom of Indian , Pacific

and Atlantic Oceans. For one and the same intervals of —

depths , the scatter of the anomalies of the grav i t at iona l

force for Atlantic Ocean proved to be more than for calm

and Indian.

Page 76.

It is possible, these differences are caused by the larger

heterogeneity of the substa nce of the earth’s crust and

uppe r mantle in the region of Atlantic Ocean in ~oa pa rison

with Pacific and Indian Oceans. Variations in the rates of

longitudinal seismic w av es on the Iloho surface in At lantic

and Pacific Oceans (Gurariy, Solov yev, 1963) show that,

probab ly the upper layers of mantle are less unif rm in

density nea r Atlantic Ocean, rather than under Pacific.

Finally, let us note that two points of

seismic— refraction sounding at Scotia Sea and at Drake

Passage (for which there are the corresponding values of

the anomalies of the force of gravity) they lie/rest at

the group of the points of the Pacific and Indian Oceans

and far are located from the grout of the points of

iI_ IA —~ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Atlantic ocean. ~~~~t h 0 U g b the stati5tjC1~~ 
and

one ought not to count that Scotia sea and Drake passage

are cbat&Ct~~’~~~ 
by the speCial structure of the earth’S

crust and upper mantle, rather than other deep_V&tet basins

of AtlantIc 
Ocea~~

power/thi SS &~~d some l ines of the structure 
of the

eart h’s crust in a south ocean.

on the basis of the map/chart of souguer’~ 
av eraq~~

anomalie s bY tot mulas (1$) — (7) were calCUlat~~ ~~~ 
depths

of the botto* 0f the earth’5 ctuSt_ Ike accuracy of the

determ inat ion of NohOt0hj~~
C S  boun dat l IS eStimat~~ 

2—3 kn:

therefore the tines of the equal values cf jtS j~~pthS 
we

have carried out thtoUø 5 ka- The aop/Cbatt of the depths

of NohO surface is represented in rig. 20. 21 and 22.

unlike ptYi0~’~~~ 
pub1i5h~~ 

m apS. this map/chart is

constructed 
not on the basis of the protabi~~~

t
~~

dependence. constructed ~~cotd~~~ 
to the formula of

plane_ Pat~~
t
~~ 

tau t with the predi~~~~ 
di fference j~~ 

the

~ ~~~~~~ 
g/C n 3 ana ~~~~~~~~~~~~ 

taken

abSOl~
Ite term H j~~ 

km. but on the basis of actual 

____________ -
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data. Con sequently, the authenticity ot this map/chart is

considerably abov e, and map/chart reflects the real specia l

feature/peculiarities of the thickness of the earth’ s crust.

The analysis of this map/chart in conjunction with seismic

data makes it possible to note the following basic features

of the structure of the earth’s crust of south ocean.

The Argentine basin has fine/thi n crust as thickness

into 5—10 km and its typ ically ocean ic structure. The

seismic investijations in profiles ty extent in several

thousands of kilometers revealed the here horizontally

ly ing/hori zontal upsets by power/thickness to 2.5 km whic h

will lie on the typical basem en t ~“basalt” layer) of

oceanic crust. The  t hi c k ness ot “basa l t”  lay er  is 4— 5 km.

The roof of this layer forms corrugated relief wit h

amplitud e to 0.5 km . The dept h of Noho surface i~ about

10—15 km... This structure of the earth’s crust is outlined

from the Mid—Atlantic spin e/ridge to the toot of the

continent of south America. One should note also that the

power/thickness of precipitation in the Atlantic sector of

south ocean is much greater than in other sectors, of the

foot of continen tal slo pe, the power/thickness of

precipitation grow/rises to 6 ki, the thickness of “ba salt”

layer is increased to 10—12 km..
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Fig. 20. lap/chart of depths of Noho surface of Ind ian

sector. Compiled by P. A. stroyev. 1 — the points of deep

seismic soundings and depth of the boundary of Plohorovicic,

ki; 2 — line of the equal depths of Nohorovicic’s

boundary; 3 — points with the depths of Nohorovicic’s

boundary; 4 — the same, for rift zone of the

Australo—hntarctjc elevation; 5 — zone of median

spine/ridges.

ESy: (1). Zadiu Oc.aa. (2). Antatctico.



— 

..
~~~~

. -—-.

~

. .-. 
_ _ _ _ _ _ _ _ _  —

DCC 78008704 PAGE 2~

I _ _ _ _ _ _ _ _ _ _
I•__

_ _ _ _ _  •
n

•~ ~~
“ ~~~

. 

~ N 

- 

I ~. N - - 
\

? ,“ - -
• I 

“ 

:r ~~~~ 
T AL

~.U P~~~~~~~K T / H IL A

Pig~ 21. Map/chart of depths of Noho surface of Pacif ic

Ocean sector1. Compiled by P. A. Stroyev. The conventional

d•aigaa tions see ia Pig. 20.

key : (1) .. inst r a lta . (2) . SOut h A merica. (3). pacific ocean.

(s). Anta rctica.
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Pig. 22. Nap/chart depth of Noho sur face of the Atl antic

vector. Compiled by P. A. Stroyev. Tbc conventiona l

designations see in Pig. 20.
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Key: (1). South America. (2).. A t l a n t i c  Ocean.. (3).

An tarctica.

Page 80.

Here appear  t y p i c a l  rocks of “gr a ni t e” l ayer w i t h  t h e  speed

of l o n g i t u d i n a l  waves  5.8 km/s. The d e p t h  of the  M oho

surface grow/rises to 20—25 km.

In continental shelf of south Ame rica, t h e

power/thickness of precipitation is 6—7 km . in Strait ot

Magellan it rea:hes ~ km. The depth of Noho surface in

Strait is determined 30 and 35 km of the northern and

south end s of the profile by length 200 km (Ludwig a.o.

1965).

In t h e  deep—wate r  part  of the  A i j u ih a s  B asrn w i t h  the

depths of the ocean floor mor e than 5000 a is

reveal/detected sedimentary layer b y power/thickness 300—600

m. Accord ing to jrsvimet ric data the thickness of crust is

here 4—6 km. One should assume that this of the
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rock/species of the basement of ocaa~ ic crust. The depth of

Noho su r face  in the  Cape Basin is 10—12 km. In region of

the continental slope of A frican cont inen t, the thickne ss of

cr ust sharp ly  is increased , and na r rower  in coast it is

30—35 km.

The Mid—Atlantic spine/ridge clearly is contoured by

isomoh o lines of 15 km . In region of t h e  i s lands of

Tr i s tan  da Cunhathe thickness of crust grow/rises to 20 km ,

while in region of Bouvet oeya — to 25 km. Narrow rift

*one of aed ia~ spine/ridge has, on our interpretat ion, a

th ickness  of crust  to 13— 15 km.

N. Taiwani, J. Heezen and N. Worze l are givers three

hypo thetical cut/sections of cr ust an d man tle in the center

section of the Mid—A tlantic spine/r idge, which can be

‘isua lized , interpreting gravit ational and seismic da ta

(Talvani a.o.., 1965). They all proceed from the presen ce of

the layer of low densit y mantle wit h a velocity of 7 .5

km/s and density 3.15— 3.20 g/cm 3. Nevertheless the anal ysis

of the com plex of d i f f e r e n t  geoph ysical data fo r  leterm in inig

• the structure of cr ust under median spine/ridges showed that

in general the data agree well among themselves. However,

in certain cases they are found in contradiction that
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impedes t he i r  i n t e r p r e t a t i o n  and raises its ambigu i t y.

Since for the median ridge of the south Atlantic there

• are no seismic data, explanation of the structure of the

• ea rth’s crust of this part of r i f t  zone is h inde r/ hampered .

Therefore we is interpreted a decrease in Bouguer’s

anomal ies under an entire structure of median spine/ridge by

an increase in the thickness of the barth’s crust under

spine/ridge to 18—20 km . The further investigations of the

structure of crust and mantle in the south Atlantic will

make it possible to give the more precise interpretation of

the anoma lies of the gravitational force. The Rio Grande

elevation is characterized by an increase in the t hickness

of the Earth’s crust to 19 km.

Special attention deserves area of Scotia Sea. This

deep—water basin is l imi ted  from the n o r t h , the east and

the south of So u t h — A n t i l l e s  spine/r id ge. In west th roug h

deep—water  Drake Passage, t h e  sea depression is con nected

wi th  the Pacific Ocean. The complex of underwate r  r idges,

islands and t renches is called the  Scotia Arc and connect s

ierra del Pueqo with antarctic peninaula..

Page 81.
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The geologic nature and tho structure of the eart h’s

crust of the Scotia Arc and Sea is attested to by two

opposite points. D. Ma t thews  asserts that the islands of

arc are c o n t i n e n t a l  and sea is loca ted into the  p rocess of

evolution f rom c o n t i n e n t a l  s t r u c t u r e  to oceanic. D. Hakes

assumes t h a t  the  arc  presents  the sp l i t  ( torn)  crass

connection (bridge) between Tierra  del Fuego and t h e

anta rctic peninsula, which drifts to the east. It assu mes

tha t  the  oceanic c ru s t  of the Scotia Sea s lowly  i s

converted in to  c o n t i n e n t a l .

Seismic i nves t i ga t i ons  carried out in to  1959 (Voo l la rd ,

1960) , shoVed t h a t  to the sou th  from the FalklanJ Islands

is a nor ma l oceanic crust , a l t hough  the  dept h of sea here

3 km. Sedimentary layer by power/thickness 0.5 km will lie

on the crystalline rocks with the Speed of longitudina l

waves 6.3 km/s (i.e. the typica l “basalt” rock/species).

Thickmess of this layer of approx imately 7.0—7.5 km. At

de pth 11 km, is reveal/detect.d M oborovic ic ’s bounda ry  w i t h

a veloc it y of 8.3 km/s. However, narrower then G. Woollard

noted that this region was such/similar tc many region s of

Pacific Ocean and differs from other regions of Atlant ic

Ocean .
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The second p r o f i l e, ca r r i ed  out  into 1959 is stretched

from A r g e n t i n e  basin , intersects isla nd arc of Sou th  Georgia

Island and departs to the southeast to 570 south latitude.

On th is  pr of i le the total  th ickness  of crust  is not

investigated. Under island arc and especially under aby ssal

basin is reveal/detected continental type crust. It consists

of layers with a velocity of 2.0; 4.0 and 5.6 km/s. To

the southeast f r o m  South Georgia jS reveal/detected the

lamina ted  crus t whose lover layer  h~s a rate 7.6 km/s.

Upper crystal layer has also lowered/reduced rates, whic h

v a r y  from 5.7 to 6.3 km/s .

In  196 2 was carr ied out the  p r o f i l e  f rom Sout h Orkne y

Is lands to  South Geor qia Islands. Along this  p r o f i l e  w i t h

the depths of sea more t h a n  2 km of the ra te  of the

crystalline rocks vary from 5.7 to 6.2 km/s, w hic h

coincides w i t h  data  of the cut/section between Sirdvood Bank

and South Georg ia. This speed r a n g e  indicates, probably  to

the prese nce in the east part of Scotia Sea granite layer.

It is very i n t e re s t ing  t h a t  a t  the  no r the rn  end of  the

prof i le  where the  depths of sea compose 3 km , the  ra tes

in cr ust it is above, and at depth 8 km is
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reveal/detected MohOrovicic’s boundary wit h normal •~ nt le rate

~~o km/s. Cut/Section has the normal oceanic crust, similar

as that, that is reveal/detected in th e  western pa rt of

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

par t of the p r o f i l e  where the depths of sea also exceed 3

km , the  p i c tu re  is d i f f e r e n t .  Here  the cut/section of crust

mo re remind s the  cut/ section of abyssal  trench — at depth

11 km , the boundary of cr ust has a r a te  7.6 km/s. A t  the

intersect ion of i s land arc  of South O r k n e y  I s lands, the

crust  is c h a r a c t e r i z e d  by b lock s t r u c t u r e ;  u ni t s  ha ve

abrupt/ steep,  a lmost  ver t ical  contacts.

Page 82.

Seismic p r o f i l e  in the  Br a n s f i e l d S t r a i t  south  of the

Sout h Shet land  I s l ands  also showed b l o c k — l i k e  n a t u r e  and  the

complex tectonics of the cut/section of the earth’s crust.

Cr ust consists of sedime n t a r y  layer by  power/ th i ckness

1.5— 2., 5 km , in some places are encountered the len s of the

consolidated precipitation and volcanic rock by

power/thickness to 3—5 km . W i l l  lie b e low the  m e t a m o r p h i c

and igneous rock s w i t h  a velocity of 4 ..5; 5.0 and 5.5 kni~s.

Even is located below layer  w i t h  a veloci ty  of 5.9—6. 0

k m/s, close to the granite layer of continental crust. On
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cu t/sect io n to th e  south f r o m  s ing George (Wate r loo )  a t

depth 5 km is reveal/detected layer  w i th  a ve loc it y  of 7.1

kmjs, i.e., the layer  of the  int e r m e d i a t e  rocks of the

eart h’s crust  and u p p e r  m a n t l e .  Thus , the  crust of the

Bransfield St ra i t  has layers  a t  velocities, typica l  for a

cont inen ta l crus t , and  power/thicknesses, typ ica l  for  an

oceanic crust. I t  is possible to assume that  t h i s  reg ion

is the part of the zone of transition bet w een oceanic and

c o n t i n e n t a l  s t ruc tures .

Thus, seismic invest igat ions  revealed the n o r m a l  type  of

the  ear th ’s crus t in  t h e  wester n and n o r t h e r n  part s of the

Scot ia Sea and  in the  D r a k e  Passa ge. I n  the  east pa r t  of

Scot ia Sea is reveal/detected l amina ted  crus t w i t h  u n u s u a l l y

a low series of seismic velocit ies, wh i c h  is jo ined  w i t h

th. prese nce of g r a n i t e  layer.  On t h i s  basis/base is

presented the hypothes i s  t h a t  the  east part  ot Scotia Sea

— these are the relict of the more ancien t is land arc ,

wh ich existed to the  south f rom South Georgia and western

exis t ing  now act ive arc of South  Sandwich  Islands. On the

spine/ridges of arc to the  east f rom South O rk n e y  Islands

and between Birdvood Bank and South  Georgia and in ab yssa l

trenches is reveal/detected cont inenta l  and  subcont in enta l

type  three— layered crust.  Co n t i n e n t a l  type crust  is revealed

—
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on t h e  igneous  E a r t h , on the  F a lk l a n d  i s lands  and B i rdwoo d

Bank. In som e regions is revea l/ de tec ted  the  c r ust  ot

mongre l  w i t h  the signs  of oceanic an d  c o n t i n e n t a l  c rus t .

nu merous intrusion , block t ect onics, reveal/detect/exposed

according to data of magnetic observations, all this it

indicates  t h e  e x t r e m e l y c o m p l e x  chara c ter ot the  s t ruc t ure

of c rus t  in  the  i n d i c a t e d  reg ion.

Gra vitational field t’ven more undeLscores this

complexity. Faye’s extrem ely intense positive ano.alies (to

.150 mgal ) and at point time “norm al” for oceani~ trench

of Boug ue r ’s a n o m a l y  ( f r o m  .350 to  +4 00 mga l) ar e one

side s;on the  o t h e r  h an d , n c r m a l oceanic c rus t , b ut t h e

d*pths of sea s total of 2—3 ha! Unusual for Atlantic

Ocean and is closer to P a c i f i c  and  I n d i a n  Oceans the

dependence betwee n the anomalies of the fcrce of g ra vity

force and the iepth of the base of the earth’s crust at

the Scotia Sea — on the one hand and the unusual rates

of the cut/ sec t ion  of t h e  earth’s crust Cf the Scot ia sea,

characterist ic fo r  m a n y  reg ion s of P a c i f i c  Ocean , on t h e

othe r band.

Gravi metric dat a make it possible to establish tha t in

the Drake Passage and in the centra l and northern parts ot

—.——--- —••——-.~~—,— — -
~~~~~, - - -
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t h e  Scotia Sea the cru st oceanic , Moho surface is located

on dep th  9—1 5 k m .  I s lands  and u n d e r w a t e r  r idges a r e

cha rac t e r i zed  by an increas e in t h e  thickness of the

B ar th ’ s crust  to 2 0 — 2 5  km, moreover  t h i s  th ickness  of the

Ea r th ’s Crust  is inh e r e n t  in al l  is lands ot a rc  w i t h o u t

exception/elimination. BirdwOod Bank , the Falkland Islands,

Tierra del Fue go , and Graham Land have typ ically c on tinen tal

crust as power/t hickness 25—30 km.

The deep—water basins of the Indian sector of south

ocean have normal type oceanic crust both according to the

thickness of layers and on the ra tes of seismic waves in

them.

Page 83.

The seismic profiles , carried out - in the Agulhas, Crozet,

Western Australian and Southern—Australian Basins, it gave

similar cut/sections. Under thickness of water 4—5 km will

lie low power/thickness the precipitation at a rate of

2.5—3.5 k m/s. fu rther go “superbasalt ” layer by

power/thickness 1.5—2.0 km ( ( v ~ — 5.0—6,2 km/a) and

“basalt” layer by power /thickness 3—5 km ( (V r 6.8

km / s ) .  The depth of Noho surface with normal—mantle rates
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• (8,0—8.2 km/s) is recorded in Agu lbas Basin at depth 11.5

• ha , in Crozet Basi n — at depth 9—11 km , in Western

Australian basin — 10—12 km and in Souther n — A u s t r a l i a n  —

11.5 km.

Accor ding to t he  charact er of gravi tational fie ld in

the  A f r i c a n — A n t a r c t i c  and Aus-tralo—Antarctjc basins, the

ea rth’s crust  has analogous structure. The  depth of the

base of crust in the African—antarctic basin is equa l to

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

Under water elevations have considerable thickening of

crust. So, near the Agulha s Ban k an d Plateau to th e sou th

from African continent the depth of the Noho surface is

omitted on 16—19 km; on the Crozet Plateau the thickness

of the Earth’s crust is 14 km.

Naxim um thickenin g of cru st is in the cen ter of the
• Indian sector of ocean. It corresponds to the kergue len

Ridge. On lies de Kerguelen thickness of the Earth’s crus t

• is increased to 25 km~ on Heard Is. — to 22 km. The

zone of the thickening of crust, fol lowing the

configurations of spine/ridge Kerguelen, it is stretched in

• the southeast direction where it is clamped with the

LA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~
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projection of the earth’s crust in region of Pravda Coast

and in the form of the considerable thickening o the

earth’s crust departs to south to the Gamburtsev Mts. It

is necessar y to assume tha t the spine/ridge of Ker guelen

• has c o n t i n e n ta l  t y p e  of t h e  s t r uctu r e of the  e a r t h’ s crus t.

One shoul d also set/assume th a t  t h i s  s t r u c t u r e  of the

ea r th ’ s c rus t  is the  ancient  m o u n t a i n o u s  region , w h i c h  cuts

the Bast— Antarctic platform. On su r f ace  it wi l l  be ar  on

itself circuits of the Gamburt sev and Golitsyn Nts..,

underwat er ridge Kerguelen. If these reasonings are valid ,

then on princess Elizabeth Land between 80 and 90° east

longitude one should expect the under—ice mountains , whic h

connec t the Gamburt sev Mountains with the Golitsyn Mountains.

By the greatest thickening of the eart h’s crust (to 15

ka) are noted underwatex ridge Western—Indian, East—Indian ,

Western Australian and Aust r .tlo—Ant arctic uplift/rise.

On the structure or th. earth’s crust under the median

r idges of Indian Ocean , it is possi b le to say fo l l o w i n g .

Under the Arabian—Indian spine/ridge American researc hers did

not revea l/detect anomalously upper mantle wit h the

lowered/reduced rates of longitudinal waves. It is possible,

this the result  ot the used procedure ~distance betwee n
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seismic stations was about 300 km). As a result of seismic

invest igations , Soviet  geoph ysicists reveal/detected i n  t he

rift zone of the Arabian— Indian spine/ridge at depth 7.5 km

of sea level layer with speed longitudinal there 7.0 km/s.

Page 84.

Under the Western—Indian spine/ridge the satisfactor y

ag reement of the observed lowered/reduced anomalies of the

force of grav ity in the reduction of Bouguer with those

who were calculated is possible with two versions of the

struct ure of crust and mantle (Fig. 23) : 1) at the normal

density of uppe r mantle under the r i d g e  ct spine/r idge

accordin g to gravimetric data it mus t be root in the

earth’s crust where the depth of NohOrovicic’s boundary

sinks to 12—14 ka; 2) at the anomalously low density of

upper mantle under spine/ridge thickness of the Earth’s

crust decreases. The power/thickness of anctalous mantle

de pend s on the degree of th i n n i n g .  I f  a dec rease in the

density in anomalous mantle reaches 0.2 gjc.’, then lo ver
• boundary  of anoma lous  m a n t l e  under  t h e  Wester n — I n d i a n

• sp ine/ridge, prob a bl y jS arrange /located at depths 18—20 km.

• Ana logous in terpretation we have given also for rift
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zone of the Au s t r a lo—Anta rc t ic elevat ion. Ther e you gave  the

• de pths of Mohor3vicic’s boundar y in two versions: a) at the

• norm al density of the upper mantle of Nohorovicic ’s depth

are calculated by f o rmu l a  (6) ; b) w i t h  the anoma lo us mantle

of Nohoro vicic ’s depth are calculated ~y formula ( 7 ) .

Ambi guous results are also for a Western Australian

spine/ridge. Soviet seismic investigat ions shoved on

spine/ridge typically oceanic crust with the depth of Moho

surface 10 km. American work shoved here subcontinental type

seismic cut/section with the depth of Noho surface of

approximately 22 km.

Therefore by us for the Western—Australian spine/ridge

and the region of the articulation of the east—Ind ian and

Western Aus tral ian sp in e/ri dges the in terpre tation of the

anomalies of the force of gravity is carried out also for

two versions of the s t ruc tu re  of the earth’ s crust and

upper mant le  (see Fig. 23) : 1) if is conf i rmed t h e

cut/section of t he  ear th’s crust , obtained b~ America n

re sea rcher s, then it is possible to assume tha t  th is reg ion

has the subcont inental  type  of cr ust as power/thickness

18—22 km an d wi th normal uppe r mantle ; 2) but if the

• earth’s crust in t h i s  region has power/thickness on the

order of 10—12 km , then f or agreemen t with grav ime tr ic da ta
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it is necessary to assume the  presence under  t h i s  region

of the un packed upper ma nt le. Depending on the degree of

reduction of the density, lower boundary of anomalous

• man tle, probably is located on depths 26— 34 km.

Durin g a pproach /a pproxima tion to the con t inen ts of Afr ica

and A u s t r a l i a  in the  region of c o n t i n e n t a l  slope, the

thickness of the Earth’s crust sharpl y grow/rises from 15

to 30 km of shore a~ d to 35 km of shore and t) 35 km

into the depth of continent.

• The Pacific Ocean sector of south ocean in seismic

sense barel y studied. Therefore about the structure of the

earth•s crus t, her e it is possible to spea k on ly very

approximat ely.

Ocean ic f i n e/ t h i n  crust w i t h  the depth of Moh3 surface

8—12 km is noted in deep Bellingshausen, South. an d Tasma n

Basins.

The southern—pacific Ocean and Eastern Pacific Ocea n

elevations are characterized by the tbickeninq of the

earth’s crust and by the depth of its bottom to 18—20 km.
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Pig. 23. Cut/section of earth’s crust along profile o.

Madagascar— A ustralia accordin g to seismic and gravimetric data

(pe r Ga inanov , etc. , 1969) 1 — unconsolidated upsets; 2 —
condensed upsets; 3 — supra— basa l tic  lay er ; 4 — granite

l ayer ;  5 — basalt layer ; 6 — rock/sp€cies of anomalous

mantle with the lowered/reduced density; 7 — Mohorovicic’s

boundary; 8 - density, g/ca2; 9 — seismic points; numeral

in columns — boun dary ra tes o f loD gitu d inal waves,  km/ s.

• - -.~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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hey: (1). Madagascar, Mascarene Basin~. (2). Nadagas~ ar Basin.

• (3). Reunion Is. (4).. West I n d i a n  Ridge. (5) . Crozet Basin.

(6). Mid—Indian Ridge. (7). East—Indian Ridge. (8). West J
Aust ra l ian  Ridge. (9). West Australian Basin. (10). Perth.

Page 86.

New—Zealand island arc with continental type cr ust and

the power/thickness of last/latter 30 km continues with the

thickening of crust in the New Zealand Plateau and under

Nacquarie Ridge where the depth of Noho surface is 19—20

km. In region of the intersection of arc with the median

of Australo—Aatarctic Ridges and Southern—Pacific Ocean

uplif t /rises, the thickness of cr u st is equal to 16—1 8 km.

un der Balleny Islands the thickness of crust again

grow/rises to 23 km. During transition from the basin of

the Ta sman Sea to the M ill Rise the thic kness of crus t

increases to 20 km. un der the islan d of Tasmania — to 2 5

ha, and on Australian continent Moho surface is immersed at

depth 30 km and more.
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Power/thickness and some features of the structure of the

earth’s crust in transition zone of ant a r c tic a .

In the limb zone of antarctica in region of Quee n

Naud 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 of the depth of the base of

the earth’s crus t in region is 36 m on 1 km., H o w e v e r , on

Some sect ions this change is different . In re~jion of

Laza re w Ice Shelt the gradient of a change in the de Fth

of Moho surface composes 3 m/km . of Roi Baudouin sta. —

65 m/km, in Luetzow—Holm Bay and  on P r ince  Olav  oast —

140 •/k m, moreover from intracontinenta l plateau to the

outer b o u n d a r y  of m o u n t a i n  range th i ckness  of the  E a r t h ’ s

crust is changed smoo th l y a p p r o x i m a t e l y  f r o m  44 to 35 km.

On the bou ndary of mountain ridge/range and foothill glacier

p la in  and in shel f  zone on Princess R a q n h i l d  Coast the

Noho surface sharply is risen from 36 to 24 km. In the

zone of the c o n t i n e n t a l shelf  the depth of the crust

trough decreases to 17—1 8 km. The depress ion  of t h e

Ri is . r—Lars en Sea , is characterized b y the depth of
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Mohorovicic’s boun da ry  10—ill 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 — abou t 8—10

km , and the thickness of crust is about 5 km.

In region of W o h lt h a t  m o u n t a i n  mass , th ickness  of the

!arth ’S crust composes more than 40 km, while in the shelf

zone between Lazarev and Novolazarevskaya Stations decreases

to 30—28 km. To underwater elevation to north from Lazare v

Ice Shelf corresponds the thickening of the earth’s cr ust

and its smoot h change.

Zn reg ion of the Riiser—Larspn Peninsula and Gunnerus

Ridge is observed the thickening of the earth’s crust. To

the east and west f rom Gu n n e r u s  Ridge the Moho surface

steeply is risen of depths 214—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 rel ief of the bot tom of

sea: one in the center of Riiser— Larsen Sea to the

northeast from Roi Baudouin Sta., another at Cosmonaut ~~~

to the  northeast  f r o m  Shova Sta.

•—
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The ea r th ’s c r u s t  on these sect ions is thickened on 14—5 km

in compar ison w i t h  the  adjacen t basi n/depr essions of seas,

a ltho mgh  the  dep t hs of sea in  no w a y  a re  changed (Stroyev,

rr o lov , 1969). One should assume that these are the roots

of the  anc ien t  b ur i e d  fo ld i ng, ana logous  to Gu n n e r u s  Ridge

and the Naud Rise, which is stretched in parallel to these

b~ struct ures and cut off by the repeated onsets of

mainland glacier. The absence of increases in the relief of

the sea bottom in the place of the thickening of the

earth’s crust te3tifies from the isostatic lack of balance

of these sections.

On Prince Olav Coast to coastal line corresponds the

isoline 30 km. Northern than the shore line in region of

shelf zone and c o n t i n e n t a l  slo pe t hickness of the Ea r th ’ s

cr ust sha rp ly  decreases to 15—18 km . reaching at Cosmonaut

Sea a th ickness 10—12 km. 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

sl ow ly ,  reaching  45 km on 730 south latitude.
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In transitiDn zone of Queen N aia d Land we observe a

sharp  decrease in the thickness of crus t during transition

from continent to ocean. However, on different sect ions this

change is dissimila r, i.e., is observed the different type

of the ar ticulat ion of the uni ts of cont inenta l  and  oceanic

cr ust. In connection w i t h  the block—like nature of crust

scarcely whether  it is possible to assume that the surface

• of oceanic lay er an d ma ntle remain s “con tinuous” an d sim pl y

it is im mersed under continent. The boundaries of units

pass alon g faults. The presence of ice load and the

action/effect of the forces of isostasy even more

contributed to the breaking up of the earth’s crus t of the

edge of antarctic platform. The zones of relative

uplift/rises and depressions, which are stretched in

su bmeridional an d su b latitud ina l d irec tions in the

circumlittoral par t of the continen t, an d are such faults.

On these fau l ts occurs the in trod uction from the depth of

more base material, that also finds its reflection in the

field of gravitationa l in magnetic anomalies. The

dovnwa rp/trough of crust under mountain masses seemingly had

compensated for in the zone of shel f where the intense

• positive anomalies indicate the presence of excess masses,
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displaced from under mountainous regions. However, if

compensa ti on was realized on ent i re  region wit hou t 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 limb 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.

Glacioisosta tic mo tion s, caused by the act ion/effect of ice

load , toget her w ith tectonic notions crea ted a

block—laminated structure of the earth’s crust in transitio n

zOne of antarctic continent.

The average value of isostatic anomalies  on Queen Nau d

Land is approximately .20 agal, while tha t of Bou g uer’s

anomalies — abou t +100 agal. According to the relation of

these values, the  compensation for the ex ternal masses of

entire region comprises approximately 80o/o~ Th is va lue

corresponds well to the common/general/total compensation for

• an tarctic con t inent , equal to 85o/o (Stroyev , Frolov , 1969).
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In region 3f En d e r b y  Land w i t h  the a m p l i t ud e  of

heights  more  t h a n  1500 a the power/thickness of the

terres t r ia l  core changes  so s m o o t h l y  and is i n s i g n i f i c a n t  as

usually in the low plains section s of coast. The Olderdays,

Scott, Raggat, T u l d  M o u n t a in s  and others dO not hIV e the

necessary for full/t otal/complet e isost atic compensation

increase in t h e  t h i c k n e s s  of crust .  So. to n o r t h  of

isoline 30 km . in r eg ion Of the  hi g hest Rapie r  Mts.  where

it wou l d  be po ssible  to expect a n  increase in t h e

thick n ess f c rus t  on 10 hi , the dep th  of the  s u r f a c e  of

M ok horo v ich  r e m a i n s  almost constant or even somewhat it

decreases. The :onclusion about absence near a3untaL ns of

Enderby  Land of isostatic compensat io n is con f i r m ed  by

isostatic anomalies.  In region of Enderb y Land , Ke m p Coast,

• and Mac-Robertson Coast are noted the  considerable positive

(f rom +40 t~ .60 agal) isostatic anomalies which are

adapted to mountain ma sses. Anomalies in free air at

Enderb y L a n d  are from +100 to .170 agal, an d r egion al

anomalies in free air — f r o m  480 to  .100 agal .  To t he

/
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south from 68° south latitude both anomaly of Pays and the

isostatic anomalies they decrease. Bouguer ’s an o m a l i e s on

Enderby Land are close to zero; therefore mount ain masses

are here distant from isostatic equilibrium.

I

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 50 to 18 ha). in this case, from

intracontinental plateau to the outer boundary of shelf

zone, the thickness of the Earth’s crust is chan ged very

sm oo th ly .  In t h e  zone of con t inen t a l  slope by w i d t h  5—100

r km the Moho surface is sharply r isen from 30 to 18 km.

C h e ly u s k in t s ev  P e n i n s u l a  p rob ab l y is the r e s u l t  of

changing (increase) the thickness of the Earth’ s ::ust.

Region of the Bunger and Obruchev oa ses loes not have

the expected increase in the thickness of the Eart h’s

crust, but on the contrary, the depth of Moh~ sur face

there decreases. This fact, and also the high value of

isostatic anomalies (+68 igal) indicate the absence of the

isostatic compensation of region of the Bunger Dbruchev

Os SPs.

.1

_ _ _ _ _ _ _  
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To shelf 13w water to nor th of Shackleton ~lacier in

region of P3bela Is. corresponds the thickening of the

earth’s crust on 4—6 km in com parison with the cr ust of

the basins of t h e  Davis and Nawso n Seas the  wes t  and t h e

east of this  low water. In ocean this projection of the

earth’s crust changes its northern direction in the

northwestern and is connected with the structure f

Kerg uelin Ridge.  On cont inent it is connected with the

thickening of crust which from Pravda Coast in meridional

direction is stretched to Gamburtsev Mts.

( 
On Wilkes Land the thickness of the Earth’s crust very

vary smooth ly f r o m  40 km on 76° south latitud e t 30 km

on the shore of continent with uplift of crust on 2.5—3. 0

km in region of Budd Coast. In circualittoral and she lf

zones the thickness of crust is changed from 3~ to 25 km

and decreases t3 20 km on 64° sout h lat itude.

Page 89.

On Victoria Land the earth’s crust has typically

mainland character. The greatest values of the depths of

the boundary of Mokhorovicic equal to 45—48 kn, are n oted

in region Of trans— Antarctic mountains and east pl&teau .
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Wide on i n t e r m o u n t aj n  basins on Oates Coast and on George

V Coast correSp)ndS a decrease in the thickness of cr ust

F on 4—6 km. During junction from continent to Pacific °cean

and Ross Sea, the thickness of the Earth’s crus t decreases

to 25—30 km in the region of shelf and to 16-18 km in

the region of continental slope and beginning of asin. A

decrease in the depth Of Noho surface is noted luring

junction from an tar ctica an d to In dian  Ocea n in region of

Victoria Land (from 30 km in coast of continent to 20 km

in the oceanic region). In region of the Balleri y Islands

the thickness 3f crust is equal to 22—24 km.

• It should be noted that the junction from antarctic

platform to oceans in region of W il kes Lan d an d Vic toria

Lan d occu r s s u f f i cien tly shar ply, ploho surface rapi d ly is

risen, forming abrup t/steep slopes. In this transition zone

also one should expect the presence of dee p faults , to

wh ich testif y c3nsiderable gravitat ional gradients in this

• part of the edge zone of Antarc t ica .

In the limb zone of Western An tarctica. the greatest

• subme rsion depth of the boundary of the earth’s crust (40

ha) is establish/installed under the mountain ranges of

Marie Byr d L and (Execut ive  Committee, Hal Flood , Elsel
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Ford) , in the  cen ter  sect ion of the an ta rc t i c  p e n i n s u l a  (35

h a ) ,  and also i n  Jones f l ts .,  also on Luitpold coast (32

ha). The smallest depth (25— 28 ha) is noted in t~~e

innermost sections of basin/depress ion , tha t is stretched

from Ross Sea to BelliflgShaUSen Sea and further to Weddell

S a, so, un der  the  Filchne r 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 3C the

basin/depression of glacier , it grow/rises to 30-31 km. In

area of Weddell Sea the thickness of crust is close to 30

km. on the Ross Ice Shelf the  dept h of the bouml ary of

Mohorovicic is 27 -28 km , in region of Roosevelt Highla nd

and on Shirase Coast — to  30—31 km.

G e n e r a l l y  one  should  say tha t  t r a n s i t i o n  zOne f r Om

an ta rc t i c  con t i nen t  to the Pac i f ic  Ocean and A t l a nt i c

sectors of south ocean in Western an ta rc t ica is s t u d ied

much weaker than a east.

Analyzing the circuit of the structure of the earth’s

crust in the S3uth ocean and the antarctic, it is possible

to see that the isolines of the Moho surface clearly

record/fix the basic structural special feature/peculia rities

Of t)r~ Structure of the relie f of t he bottom of ocea n an d
coa~ ta1 zone of antarctic continent . 
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Page 90.

The fault of the earth’s crust in a circualittoral part of

the antarct ic continent.

The results of the analyses of the morphol)gy of the

4’ 
bottom of sea ~f the Cjrcumlittota l Part of antarctica

shoved that in the shelf zone of the sixth continent is a

system of abyssal basins, whic h stretch to hundreds of

• mi les ma in l y  in su blatitud in a l, an d on some sections an d in

sub.erjdional directions.

The at present available data still insufficient for

final judgment about propagation , character an d the n at ure

of this formation. Investigations do not cover completely

even the shelf zone of antarctic continent, but m any faults

of cr ust, traced in this zone, they depart under shelf and

mainland glaciers, an d their posit ion un der con t inen tal ice

can be establish/installed only by geoph ysical methods. A

series of the reveal/detect/exposed basin/depressions in
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~h~ 1t, tr aceti to the ed~je of 8helf qlacier~; b y h y droloqiC4l

measurements, it proved to ho possible to ~onnO~ t accordinq

to the teBUlts of (J eoph ysi (al inv~ sti~ ation~ (syste ms ,

frolov , 19~ 7) into sinj lk’ system , after showin j their

continuat i on under shelt glaciers an entiLe peripher y ~f

east Ant i Lctica trom 200 w est  longitude to 1500 east

longitude , i.e., for the extent/elongation more than 8000 km

(Fig. 24)

The most in detail antarctic boundary/edge fault of

cr ust is investi gat ed and described on section from the

•~st edge of saackleton Ice Shelf (105° east lonjitude) to

the westert~ edj, (80° east longit ude) of West Ice Shelf

(Stroyev at a!. , 1~~b~ ) .

It t urned out  that In region of West Ice She If of

Pravda Coast and Shctcklt’ton Ice shelf follows the trench

with depths to 1450 m , which is decomposition of the

• ear t h ’ s crust  on t h e  peri phery of continent . Thi~ trench

j ham in  C~~sO f lC t ’ sublatitudjn al strike/course ; howeV~ r on some

sections it is interrupt ed by subm eridional structures

(Uplift/rise of the bottom j i~ the center of West Ice Shelf

the depression of the Denman Glacier Tongue). To the east

f rom 1080 east lonqitude , the vast basin/depression,
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extending from the Shackleton Ice Shelf to Vincennes Bay,

departs under the Bond , Adams and Yanderford Ice tongues in

the southeast direction , on Wilkes’s Land under the

MOskovskiy Universitet and Voyeykov Ice s helves, is

reveal/detected narrow depression with depths more tha n 1000

m, t h a t  was lengthened along shore at a distance more than

500 km. To the south from the uplift/r ises in which are

held the glaciers pointed out above, stretches vast

basin/depression with depths mote tha n 1000 a. The south

boundary of depression is not establish/installed. )ne should

assume that this depression, being stretched to west , it is
I

connected w i t h  t h e  unde r - i ce  bas in/de pressions, det ec ted  on

route Mirnyy—Vo stok. In the east this ser ies of

basin/depressions is connected wit h deep depression (wit h

depths more than 1000 a). lengthened along shore of Adelie

-

~ I 
Land for extent/elongation more than 500 ha, and with the

series of deep basin/depressions to the south of station

D um on t — d ’tj r vj l l e .

The fault of crust in shelf zone, traced frou 108 to

80° east longitude , emer ges a t the western edge of West

Ice Shelf in the form of trench and has south-vest

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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of the edge of Western glacier are approximately 1000 m,

aad on 81.3° east longitude is reveal/detected

basin/depression with encdepth of approximately 1800 a.

Page 91.

H Of the former edge of the A m ery ice shelf , in 9ast

part, its marks reach dept hs 800 m. In 1964 a marine

detachment of the 10th SAE (Ledenew. yevdoki.ov, )965)

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

extent/elongation 100 km. W as displaced approximately on 18

km and the bou n dary of Polar Record Glacier. The

measurements, mal e on the section, earlier enclosel by

• glacier, showed d e p t h s  720 — 850 a of east edge even  400—500

m of western (in region Of the former Cape A mery ) . Is

noted the large lump/d rop in the depths along northern and

the metric de f in i tions, made into 1956—1957 from the former

edge Of the Ame ry and Polar Record Glaciers, c o n f i r m  these

data.

IsObath 500 a delineates the vast basin/depression of

Prydz an~ PlacKenzie Bays. In the east part of the

basin/depr essio n , are planned two branches — nor th eas t in

the direction of the depression, w hich emer ges f r om un der

LA 
- 4
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the West Ice Shelf, and south—vest, in dir ection of  which

the baSin/depression departs under Amery Glacier. Its

continuation , ob’iouslY, is Sandefjord Bay. It is possible,

ope of the branching of vast basin/depression pointed out

above stretches under the western edge of A mery Glacier.

Ho wever, measurements of 10th SAE, ma de af ter trunca tion of

glacier , in this part of the glacie r di d not r eveal /detec t

considerable depths. The ma rks of the bottom of sea t here

do not exceed I&0O-500 a.
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Fi g. 2~ . Circeit of sublat i tudim a l ttemch.* of l imb zone of

east anta rctica. Compiled by P. A. S tr oyev .  I — shelf

glac iers; 2 — leading—out and intermountain glaciers ; 1 —

basin/depression of trench; L4 - mark of m aximum dept hs, a;

S — depression of shel f, opened by son ic measurements .

Key: (1). Ender b y Land. (2). Ptavda Coast. (3). Queen ~aud

Land . (4). Wilka s Land.

Page 92.

A sharp  r a luct ion in t h e  height s of the s u r f a c e  of

mainland glacier from 2000—1500 a of the edge f Iaahert

leading-out g lacier  to 9 00— 200 a on its surface , and  the
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north from the 72nd parallel to 100—50 m is led to the

conclusion that the bed of Lambert Glacier is located below

sea level , i.e., as the river bed of leading—out glacier

serves deep depression. As confirmation this serves the

considerable speed of leading—out glacier. At a distance 300

ka and more of the edge of glacier its Speed exceeds 400

rn/Year , while at a distance of appr oximatel y 100 km . it is

close to 1000 a/year. In this respect Lambert Glacie r is

not the excep tion /el imina tion: deep basin /depr essions from

1000 to 1400 a are reveal/detected under all investigated

-

~~ geoph ysicists by the leading—out glaciers of antarct ica, as

for j:nstance, Denman , her tz, Ninnis Glaciers, etc.

V

p. s. Voromov assumes that u nder Lambert and Amer y

Glaciers is arrange/located the grabenlike depression,

possibly, s t re tch ing  f r o m  Prydz  Bay to sout h pole or

perhaps that intersects entire continent. By works 9th sAE

is establ ish/installed (Kap itsa, SOrokhtin, 1965), that this

ba sin/de pr ession does no t h ave an outcro p to the sou th

(Southr than 80° south latitude).

The discovered by Australian researchers iritra~ ,ntinental

basin/depressions to vest from Lambert Glacier on merid ians

62.2 and 60.8° east longitude between 68—69° an d 70 72°

•1

L _ _ _ _ _ _ _ _ _ _
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south lat itude with the marks of depths to —900 a have

east—vest strike/course. These baSin/deç~ressions, apparently,

and are the continuation of fault concealed/latent under

Amer y and Lambert Glac iers. Its continuation in west

revealed 9th SAE on section 69.8—71.8° south latit u de and

*1—46° east lonjitude , where is reveal/detected the vast

basin/depression of east—west strike with the marks of

depths of approximately 600 a, and can be, and it is

deeper.

Luetzow—Holi Bay far submerges into shore, his south

boundaries t hus  f a r  are not  es tabl ish/ ins ta l led .  So, Ja panese

expeditions to the east from 40° east longitude

establish/installed the presence Of the  basin/depressions wi th

depths from 400 to 1000 a, which were being communicated

with Luetsow—Hola Bay. Apparentl y, the northern branch of

this vast basin/depression goes to Luetsow—Hoim Bay. Howeve r,

accor d ing tO th~ available dat a furt her at sea it is not

outlined, although region of shore to vest from (40° east

long itude is barely studied. The basic branch of lepression,

probably stretches to vest— southwes t n o r t h e r n  Y a m a t o  hits. and

paSSes along shores of zone to Princess Ragnhild oast.

To the  sou th  of Y a m a t o  Nts. it is reveal/detected (?)

- 
- -—. - - -

~~~~~~
-- --
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under— ice valley wi th the  gr ound elevation of s tone

rock/species or vast basin/depression wit h depths  to  1000 a.

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 Land. This fact deserves attention, since it indicates

th. presence in the intra-main land antarctic plateau of deep

baSin/depressions — the faults of the earth’s crus t , w h ich

are pullad in sublatitudinal direct ion in parallel to shore

and the  moun ta in  syste. of Queen Maud Land. The discovered

by aeromagnetic photograp hing system of under— Ice moUntain

ridges southern band of mountains on Wegenerisen Platea u (to

the South from mass of Wohithat ) confirms this assumption .

At region of Roi Baudoin Station the bedrocks lie/test

below sea level on the average dept h of approx imately 300

a. “~ rue shored is 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 deptis 500 a and more. These depression are

stretched in parallel to shore and in vest depart under

Lazarev Ice Shelf.
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Tn region of Lazarev Ice Shelf by geophysical methods

was revealed the vast basin/depression (Frolov , Korya kin,

1960; Bokananko, Avsyuk, 1963) of the east—vest strike/course

with  the dep ths , e xceeding 1000 a which departs further to

vest under the Fiabulise n Glacier.

Still further to west a Norwegian—British—Swedish

expedition 1949-1952 (Giaver , 1954) • which performed the

investigations of under—ice relief in route 600 km of the

MaUdheim station for the southeast, it reveal/detected a

series of deep (more than 1000 a) and vast (50—100 km )

basin/depressions, stretching to southwest to the northeast.

It is possible, th ese basin/depressions are also th e par t

of the sublatitudinal fault in question and depart further

to southwest to Coats Land. At Coats Land the orientation

of trenches is changed.. It is there reveal/detected two

trenches with depths more than 800 a, that have d irec tion

from the northwest to the southeast and exiting under

mainland glacier. Toget her with the Considerable tte flch of

the east part of the Filchner Ice Shelf whose depths reach

1200 a, this system of the faults of the earth’s crust

departs in meridional direction, separate/liberating the
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structures of east-antarctic p latform from the Alpine

dovnvarp/troug~ s of Western antarctica.

Thus, the geophysical studies of the under—ice relief

of the sections, closed by shelf glaciers, con f i r m

~~~~~~~~~~ about the fact that the basic distinctive

morphostruct ure of the shelf seas of east antarctica is

their cutting deep trench , nam ed Lazarev Trench, who is

outlined on the per iphery of cont inent. However, th is

trench, ha ’ing in essence sublatjtudinal strike/course, on

some sections it is interrupted by submeridiona l

morphostructures. On some sections Lazarev Trench is severa l

sublatitudinal de pression, as a ru1e, which are stretched in

parallel to each other and configurations of continent.

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

Zhivago, Ta. P. Kob]entz, A. P. Lisitzin) assume t hat this

system of the basin/depressions of sublatitudinal

strike/course forms single trench wit h depths from 500 to

2000 a which is stretched around entire Antarctica and

divides shelf into two parts: circualittoral and oceanic.

The for mation of trenc h or fault of crust is joined with

with glacio— static motions of crust, caused by alternat ions

in tire jiacier load of continent to quaternary time. Other
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researchers (Ye. S. Korotkevich , A. F. Treshnikov) deny the

presence of single trench and they consider that the

observed depression of the bottom of sea both sublat it udinal

and submeridional strike/course are the local formations ,

wh ich do not present single system. The origin of these 
j

faults they join with the tectonic motions of mainly

pre-Quaternary period,.

page 94 -

What present themselves the discovered basin/depressions

and the trenche s: single trench either the fault of crust,

which was subjected after formation to considerable changes ,

or the system of the faults whose formation was caused by

single reason, this question is not fundamental. Th ere are

no foundations for assertin g that the formed arotini

Antarctic continent under the action/effect of ice load

single fa ult was not subjected to in the subsequen t epochs

disjunctive changes as a result of the various kinds of

the motions of crust. The system of sublat itudinal faults

girds entire continent Anta rctica, what is not observed on

other continents, i.e., trench is the characteristic feature

only of shelf seas of Rntarctica (Voronov , 1958) ~nd is

absent from the shelf seas of other continents. Since

_____________________ -- ~~-— -- -~~-- - - - -~~~- - ~~ - - -— ~~~~~~~~~~~~ - - — - “- 
- - - - w~~~ ~~~~~~~~~~~~~~
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~ nterctica is charact er ized by in principle from ot he r

continents onl y contemporary glaciation, it is possible to

be connected to the opinion of the researchers (A. V.

Zhivago et al.), that consider that the presence of trenc h

as caused by qlaciostatjc O t j o~~S of the earth’ s crust. The

reason for the formation of these trenches or faults ,

obviously, single is oscillatory motions of the earth ’s

crust under the action/effect of ice load , i.e., Inciostatic

H motion s.

The an al y~~’s of the isostatic state of the crust of

antarctica (S. A. tjshakov, G. Ye. Lazarev. A. I. Frolov)

shoved that the enormo~is incre ment load of ice on continent

in essence was compensated for (by 80 90o,~~) , whic~t is

possible onl y as a result of downwa rp/trough or upva rp of

crust. The downvnrp/trough of crust had to cause the

displacement of subcrustal masseS from under the central

reqio~ s of g l a c i a t i o n  to l i m b  zone.  As a resul t  of t hese

motions in limb zone, were formed the faults of crust ,

fa ults 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/underwent the

considerable periodic bouncing which created the block

tectonics of the limb zone of 4ntarctjcn.
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Howev er, some lines of the contemporary configuration of

La~arev Trench, probab l y to a considerable degree ~re caused

by the character of more ancient faults. Furthermor e, the

4 presence of subseridional structures on some sections , which

substantia lly level, and even which interrupt themselves

trench, attests to the fact that the relie f 3f shelf zon e

is caused not only by low glaciostatic. but also tectonic

motions.

- ‘

The geologic and geophysical inve stiga tions of the

circ ua litt oral part of Antarctica made it possible to

- , establish t h a t  f o r  an  e n t i re  per iphe ral  zon e of ~nst

Anta rctica are  very characteristic the different faults.

Alon g with ancient faults ar. very widely Common young ,

many of them repeating the m ain directions of ancient

faults. For an entire this zone of east Antarc tica , are

characteristic two directions ot the newest faults: in

• parallel to the configurations of continent it is

perpendicular to them . It is establish/installed also that

an d in shelf zone the relief of the bottom to a

considerable degree is caused by the disjuncti’e dislocations

as a resul t of w h i c h  was formed  the  character ist ic  fo r

t ’ a•~•~ t Ant ar ~ I ~‘ a ht~ i i ’ ot ’ v o c ~m~’ 1 ~
‘ x st_ru ~‘ t u i’c and ~ t rou~ iy ~ ~‘p~n’ :1- od

-
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Conclusion

~~he basic results of the con ducted by us investigation

consist in the following.

1. In period and after ICY experiments of south ocean

and ~ntarctica exceeded investigations ot~ entire preceding

period of research on this region of terrestial globe. In

¶ the complex of these investigations the considerable role

occupies research on gravitationa l field. At the presen t

time by Sovie t and foreign geophysicists in the south ocean

and the An tarc tic is made the considerable volume of

qtavi se trjc inves t igations.

2. A ccording to  data of gr av iaet r ic  studies , it e

comprise d schematic gravime tric map/charts of south ocean and

circumljttoral zone of kntn rctica. Grav i t a t iona l  f i eL d  clear ly

record/fixes the basic •orphostructnre cell/elements of the

r.li.f of the bo t tom of ocean and boundary /edge part  of

A
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the Antarctic continent. The vast m i n i m a  of the anoma lies

L of the force in all probability characterize regions with

the lowered/reduced density of the substance of mantle.

These anomalous  zones are c o n f i r me d  by  t he  . agn e t i :

anomal ie s, by the excesses of geoid and by other facts.

• Gravity anomalies on Antarc tic continent clearly record/fix

changes in the relief of the stone rock/species of the bed

of glacier, t hey ma ke it possible tO isolate the separate

block/module/units of th ø earth’s crust, characterize the

SPecial feature/p eculiarities of the structure of the ea r th ’s

Crust and upper man t l e .

Judging by character and value of gravity anomalies,

the earth’s crust of the south ocean and ,4ntarcti:s is

isostatically compensated for. Are Soparate/liberated the

uncompensa ted sections of these zones (island arc, the block

mountain of t he periphery of the continent of Antarctica).

3. Statistical relationshi p/ratios of depth of Noho

surface and gravity anomalies, determined for south ocean

and Antar ctic, made it. possible to construct circuit of

earth’s crust of these zones• The isolines of Noho surface

clearlY record/fix the basic morphost ructure special

f.atnre/p.culiarities of the structure of the relief of the
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bottom of ocean and transition zone of Antarctic continent.

Deep—water oceanic basins have fine/thin crust as thickness

5—10 he, underwater ridges are character ized by an increase

in the thickness of crust to 15—20 km. Under island arcs

the crust has con tinental ty pe signs, thickness its 20—25

km . The interpr etation Of gravimetric data for mid— oceanic

ridges is given in two versions : for the  normal and

anomalous densit y of upper mantle. The statistical

relationsh ip/ratios of the power/thickness of crust and

anomalies of the force for rift zones indicate to

completely different, the peculiar type of the earth’s

cr ust, sharply different from continental and oceanic t ypes.

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 uni fori in density, at least in Pacific Ocean.

Furthermore , is explaine d the complexity of the earth’s

crust and upper man t l e  at Scotia Sea and Drake S t ra i t .

There are the foundations for relating them to the “Pacif ic

• Ocean” type of crust and mantle .

.
~~
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In transiti n zones fro. ocean to continents, the

th ick ness of the E a r t h ’ s crust sharply is increasel

approxima tely from 15 to 35 km. The crust  of these zones

is presen ted 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 equal to

35—*0 km and is increased to nS—50 km under moun t ain

masses. In Vestern antarctica t he thickness of crust is

25—30 km and also it grow/rises unde r  m o u n t a i n  rests to

3S—~ 0 km.

In t ransit ion zone of Antarctica, the thickness of

cr ust is chan ged very sharply, the boundaries of t he

block/module/units of crust pass alon g faults. In the shelf

zone of An tarctic continent , it is reveal/detected by break

in the terrestrial core, the so—called Lazarev ?rench , which

is stretched in parallel to mainland at a distance is more

than 8000 km. Its formation is joined with the oscillatory

aotioi~s of the earth’ s crus t under the action/effect of ice

load. Glaciostatic motions e v n  more cofltrjb*t.d to the
breaking up of the crust of Antarctic platform and created
its block—laminated tt’~ tonlcs , which finds its reflection In
the 11t’ld of gravity an om a l t e~~.
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