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' ^\ •■• . PREFACE .     ,,.,,-. 

The time is now ripe1to summarize our knowledge of the 

seas and oceans. 

During the last ten years, after an interruption of like 

duration caused by the World War and by the first years of ths 

postwar period, we observe a broad and prolific development of 

oceanoftraphic researoh, both in individual countries, as well as 

>N       in the international plane. 

) This new upsurge in the development of oceanographic re- 

search is produced by several causes: first of all by a wish to 

exploit the industrial resources of ocean areas which are remote 

from land,' and which, until "recently, were' almost untouched by 

research* slso by the urgent need to widen the sea and air lanes 

across theroceens. 

iiiciultaneously, engineering developments have m&de it pos- 

sible to apply new study methods, primarily to the ocean floor 

relief, bottom deposits, biological production processes, ocean 

$*i\ k 



water circulation, etc« 

- The use of the isotope method in all fields of oceanology, 

to determine the rate of processes which occur in the oceans, the 

chronology of past processes and of paleocliaatological and pal- 

eiogeographic reconstruction is opening much greater opportuni- 

ties to the study of the history of the oceans to oceaaographere, 

and thus, at the same time, of the history of the earth's crust 

in general. The completion of a very large undertaking — the 

Third International Geophysical *ear (1957/58), whose program 

encompasses all the oceans, is extremely important to the deve- 

lopment of oceanographic research.in the most recent times. 

The study of the ocean depth zones attracts special atten- 

tion, and it should prove very productive to many fields of the 

geological and geographic group of sciences. 

It is impossible to compress into one volume the results of 

research of recent years in all different fields. T^is collection 

contains summary works only in geology and partly in marine bio- 

logy of the ocean depths. 

""Subsequent collections on the results of oceanographic re- 

search, will ahed light on achievements in other fields of ocea- 

nology. 

The article "Pogonopnora and Their Distribution» is by the 

coworker of the Institute of Zoology Acad Sei USSR, A.I. Ivanov. 

The other articles are by coworkers of the Institute of Oceano- 

graphy Acad Sc USSR. Ya. A. Birshteyn of Moscow State university 

is the coauthar of two articles, 

THE EDITOR 
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,■:,—~ ::   THE OCEAW DEPTHS AS A SUBJECT OP STUDY 

Li A« Zenkevleh, A« P. Lisiteyn and 0. B* Udintsev 

The problem pf studying the ocean depths and of the living 

organisms living in the« has, within the past ten years, assumed 

a central plaoe in the system og geological and geographic scien- 

ces. 

This new field of oceanology aims to solve a number of un- 

clarified and debatable problems of the geology and history of 

the oceans, and then to make a closer approach toward a solution 

of the general problems of paleogeology, paleögeöchemiatry, pa- 

laogeography, paleoclimatology and paleoblology« 

Oceanologists are most interested in problems of the forma- 

^      tion of marine deposits, water circulation, and soogeography of 

the deep-sea none, but the study of doep-sea bottom deposits in 

the oceans leaves all the other problems behind by its importance« 

Different new methods were used in the study of ocean depths 

in reoent years* """—-— 

Plumb lines of different design used in measuring depths un- 

til recently, did not make it possible to cover the ocean floor 

with a dense enough network of probes for technical reasons» 

Each separate Sounding required stopping the vessel for a consi- 

derable length of time* t. Echo sounding devices made it possible 

JH?   ■•■■■.     !' ;     ■ ■, -:■■: : ■ :■-. ■;.;>.. i     ,- ■-■■■ :        ■■•.,■ • •   .       -.■.■ -■   v.' 
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to make an uninterrupted recording of the bottom profile without 

stopping the ship and to make much more frequent measurements of 

individual depths without loss of additional time. The first twenty- 

five years of the use of self-recording sounding devices brought a 

number of important discoveries. Contrary to the earlier concepts 

that the ocean bed was a "plain," it was found that it has a very 

complicated profile. Many underwater mountain ranges were discovered, 

also deepwater deprecsions and trenches penetrating the core cf the 

earth £ to 6 km below the lev 1 of the ocean bed. A study of the lo- 

cation of these formations at the ocean bottom is of great interest. 

An accurate bathym<*tric chart of the world's oceans will alone lead 

us to the solution of many problems of geotectonics and of the his- 

tory of the ocean and the earth'3 crust hidden underneath its surface. 

V7e can fully agree wlt^ the opinion of Academician A. !!. Zavaritskiy 

that the study of the Pacific Ocean on the widest possible scale is 

one of the most important problems facing all studies of the earth, 

and that it is Impossible to understand the formation of the earth 

in general, its continents and seas, without solving the problem of 

the origin of the Pacific Ocean. This problem, in turn, iP inextricably 

associated with a whole range of the profoundest and most fundanental 

'problems of geophysics, geology and cosmogony. The tasks facing the 

study of the earth, in the ligH of research of the outskirts of the 

Pacific Ocean, said he, are indeed unlimited» 

Seismic methods have been used in recent years in marine technique 

to determine the thickness of deposits on ocean bottoms, and there 

< \ 
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is reason to believe tliat after the removal of a number of difficul- 

tips, seismic sounding will not only reveal the over-all thickness 

of ocean deposits,« both porous as well as converted, but vTl also 

'^ provide indices of it3 nature and stratification, 

It is hardly possible to over eat imate the importance of cvarting 

the thickness and nature of the entire mass of bottom deposits of the 

world's oceans with respect to the problem of t^e history of the up- 

per strata of the earth's crust. The charting ni^ht shed lif»ht on the 

)   \ relative age of the oceans and thrir parts, on paleogeograpbio recon- 

struetion of oceans and continents, on the theory of drift ani the 

theory of constancy of continents and oceans, on the enigma of Atlan- 

tis and Gondwana, on the history of the oc«an level, and on wren nora 

which remains obscure in the history of the oceans. 

Along with this, the inventiva idea« of oceano«;raphers try to 

develop devices for ?. deep penetration of the mass of bottom deposits« 

At the present tirno, hydrostatic and geological .«motion soil tribes 

make it possible to take samples of soil several meters in lonpth (on 

"Vityas1" soil columns vere obtained up to 3U m long)» One can hardly 

doubt that i*it'in th<? near future it will be possible to obtain soil 

columns in tens of meters sn-* perhaps over ICO n. It is <"uite possible 

tlvtt drilling-of bctton deposits Trill be done with outomatie drills 

placed on the bottom, arm t'ns will considerably increase the l^nsrth 

of roil monoliths. This method will   iake it possible to uncover the 

processes of sedimentation which took place tens of millions years 

ago in remote parts of oceans, far from shores» Qeoloical, chemical 

■"—■*    — 
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said biological analyses of these monoliths will uncover changes in 

the characteristics of the history of the ocean and of it? surface, 

changes In total salinity, aalt composition, population composition, 

temperature regime and climate of the ocean. It is. perfectly obvious 

that all these indices and their system were changing in tine and we 

are now already in possession of very promising methods of their pa- 

leochronological recording by the isotope method, 

For the purposes mentioned above, the bottom deposits, containing 

moisture and a relatively undisturbed nature of stratification through- 

out their immense extent, represent a particularly valuable objeot of 

study. Their growth, meanired in tens of millions of years, i3 a suf- 

fj ficiently long time to help us understand many aspects of the processes 

of diagenesia occurring within the bottom deposits. 

Many branches of the geological, geo ra-cMc, Wological and anthro- 

pological cycle are experiencing an urgent, need of p.-O.ecclimatie re- 

construction. As a subject of study, the bottom ocean deposits and all 

that they contain play the main part in climate reconstruction of past 

geological epochs, u method of reconstruction of paleotemperatures by    j 

means of correlating c:-:y*en isotopes Vas been developed h;r the Oceanc- 

graphic Institution in the U.S.A. several years ago. ^istinsr.if^ed for 

its hi»h accuracy, the method represents a very valuable contribution 

in this respect» 

One ofr the most important, problems of modern physical ocoano-.traphy 

- the rate of circulation of deep water masses of the oceans — is at 

present being explained in contradictory terms. 

f,\ 
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,  fterman researchers^- proceeding on the basis oJL-> . 

-^^obtaiaed by meattsvof -the dyriamib'ftethod and direct obaerTation»^« ;• 
'rA ■ 
'ii/i*. oame to the conclusion of high velocity of ocean water ol«wiIati#i^- 

including deep wate*y approximately within a period of 10 to l£ 

years * Amer lean ooeanographers on the other hand, In, determining 

•   the 1,agen of individual water masses of the oceans; cone to the eon- 

'•'••■   elusion that separate ocean regions and their waters have an ttagen 

of hundreds and thousands of years. This problem is at present not 

: only of. theoretical, but of a doubly practical interest, since the 

**•) '-    - development o& nuclear-atomic industry/.poses the question of a pos- 

sibility of using the ocean depths, and particularly, deepwater dep- 

.; . rasoions, for .the ^burial* of .industrial atomic,jwaste* However, the 

circulation of the water masses of the oceans is of importance not 

only in this respecti Ift order to understand the phenomena occurring 

• -in the oceans on a world scale, it ds necessary'' to Jmow the direc- 

tions and velocities of the circulation of watf-r masses both In the 

horizontal and In the vertical direction. YJher«as, concerning the 

■") surface layery^the nature of circulation is at present well known, 

■  ^cnesrnirig deep waters there is still nwch remaining unclear and 

••'=■*   undetermined* o;   :..    ■■••'> .,.'.;, -  ,■> ,,-,  <.>.■ ■■: i... 

f    !The living world which inhabits the ocean depths Is a very im- 

■ pertAnt subject*of.study. The distinct peculiarities of•deepwater 

fauna arebeihg explained. These peculiarities find expression pri- 

marily in its".tsxonotaic isolation. In recant years abundant material 

hes bbeh collected- in the Pacific: Ocean, »airily by rtVityaa,B of the 

—    ? 



.'pogonophora group, a new animal group of a subtype or. even of a 

type* which'docs not (as a rule) irbabit small depths« At the present 

time representatives of t*i3 >roup have likewise been found 3n the 

depths of t'.-e «tlttnfcie Ocean, but the basic variety'(more than t^rty 

fbrms/Vinis,-'families and orders; vras discovered in the northwestern 

■ !part 'of' the Pacific Ocean. The pogorophora group is very close to, or 

even a part of the chordate type of animals snd-poosoeces. features of 

great antiquity and primitivity* 

Banish zoologists recently discovered in material collected by 

"Galatea" in the equatorial waters of the Pacific Ocean at depths bet- 

ween 3,000 and h,000 m, specimens of a new and very ancient class of 

rcollu9k8. In general, deepwater fauna is characterized by considerable 

antiquity and prinitivity, although there are some opinions of it as 

late fauna. A future study of the material will clarify this issue, "he 

paleotemperature of deep waters of the ocean is of great importance in 

this connection. . The problem of the age of deepwater fauna would become 

much clearer, if it could be proved that during the-course of a series 

of geological periods, the deepwater zone possessed a low temperature, 

close to the present (under 2 )• and, which is the same thing, that the 

climatic zones on the terrestrial globe were of long duration and waters 

in the deopswere also formed in the subpolar regions earlier, as today« 

The point is that the nature of distribution of deepwater fauna is by no 

means uniform, and there is reason to assume that it bears the imprint 

of the orography of 1}he ocean abyss of earlier geological epochs whose 

age is proportional to their depth. Great interest from this point of 

—   8     — 
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view is presented by tv- fauna of f:-c- ultra-abyssal rc-r.3 (deeper than v 

6,000 m) which occupies orly 1,1 or the ocean v.otton, tfhich is   taxeno- 

mically isolated with sufficient clarity fror. h^e fauna or +>™ ocean 

bed it normal depths ( 5**6 #»t)j "-'^ %4l*h possesses substantial 

differences in each oceanic d^preasior.» A rhudy cf *.he geological '^ge 

of this fauna vhich is scattered among  iifferent deepvrater depressions, 

and its comparison with the age of the depressions, can provide very 

valuable indications of the 332 of individual part«? of the c<-*an bed 

\   . and of individual details of its profile. 'f*us,-for example, tha -je 

of the meridional oceanic ridges can be compared vith the »<?<•. 0? iso- 

lated deep-rat.?!1 fauna on both sl-ltss of these ridges, ?^e age -"'sti-iite 

H of the degree of tayrancrdc isolation of deejwater fav.na on both sides 

of the Central American shelf can he compared with t'rt of th* sh-slf 

itself. 

T^e population of th<* -nass of deep ••raters, both pelagic ''.nd '-ot- 

toji, i' a fire,'"ru1t'.latßral  and po'-r&rf1'.! ind'ir.ator of all .*r on« sees 

taking place in the ocean depths, of all cheiticai and physical proper- 

ties of the water masses, which nlso takes into account their histori- 

cal changes. 

All what hes bn»n said abcr.'e points to another peculiarity of 

d'eepvater research of the ocean, vhich eharactoriaea oceanography as 

a whole: the deep interconnection and complexity of the problems posed, 

of the methods of their solution, and of the use to b»? made of the 

results obtained. 

Descriptions of the oceans r*ach back to times of antiquity an-? 

\ 
s 
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for rr.sri.-f centuries they -.JUTS of a purely -oographic nature, Uarly in \        'v 

the 19th century scientists became interested also in the underwater 

world of the ocean, but it ma not until the £n£lish «vpfditior on the 

ship "Challenger'» (1272, to 1376) +>at .«m^coss vac *c'*i«wsd ir. pen-tra- 

ting the secrete of the ocean -.laptha. During the rort-challen«er period 

a xnssber of expeditions were org«ii-:eü for +> ■■ ourpcee of studying the 

floor of the ocean, *ut the ^rcatost depths (over ?,000 tn) were hardly 

touchsd by observations. 

The last ten years were very successful in tV study of tV: deep- 

water zone of tV oceans, :. nunber of deepwater .2xped!*1.cT» "orhing si-      ) 

■wRt sfcttiltanpnusly, and the new methods u«ed by tbMi iww<H«itely showed 

tM enormous value of the o^ean depths as a subject of study} th* ocean 

depths were as if "discovered anew" by these investigations. 

During the World V7ar II --sriod the techn'nues of oceanorrapnic re- 

search nade a great, forward leap in connection with the needs of navies. 

A. nunber of completely new devices nade their appearance, and nany devi- 

ces which existed before wer:; radically improved, Thu&, for exa^lo, thr- 

appeared new radio engineering mean? of coordination: loran, shoran, thr     j 

slact.ror.ic pop It ion locator and radar wnich m*de it possible to conside- 

rably increase the accuracy of plotting the position of i ship; thermo- 

lahhygraphf, automatic geomagnetic current recorders w^ich nade it pop- 

sible to determine surface cwrants while the sHp was in motion; auto- 

rnr.tic salinity recorders, hydro-acoustics "locators, and many ct^er de- 

vioos. Ultrasonic sounding devices were radically improved and their 

power and accuracy were greatly increased, 

— 10   — 
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New scientific and engineering   equipment of the expedition ships* 

made .it possible to undertake ?.rcund-the-vorld expeditions at % new 

and qualitatively higher level. Along with this, there --rer« mich 

higher pra-tical •-lewmds, in particular on the part of navi-ation, 

the fishirg industry, and naval fore«. WAe conquest of +he world's 

oceans is gain- on at tha present time, and not m*rrt7 of their sur- 

face, but also of tha depths, Eton's economic activities ore no lon.-jer 

confined to th* congest of irilnnd ani noi^cring *eas, hut is ma, 

ding nor» ar.d more to tV central weis of oceans,   -'his reouireb the 

nost serious and multilateral study of the nature of the oceans. 

During the past ten years three -ajcr for^.-n aci««itifin around- 

the-world voyages have l.«n eo.aplct.edi the 3v-edi«b vpedifcicn of 19'f? 

and IM on the '»Albatross," the Danish of 1#0-1#2 on the "u»latii," 

and the English of 1950-1952 on the "Challenger." Numerous (over 22 

major voyages) and prolific voyages were completed by the Soviet scien- 

tific-research expedition ship »Yityaa«" 0Sh9 to 1??8). 

Chronologically, the. Swedish «cpedition on the «Albatross» was the 

first (Fig. 1). It was organised by the Göteborg Oceano?rapbic Institut- 

mainly by private contributions. ?h2 expedition w>s ssrriod out or a 

ship of a private shipbuilding csnearn, the sailing motor schooner 

»Albatross/ with a displacement of 1,L£C tons. The *olds and compart- 

nrents of the ".Ibatross" were converted to laboratories ani living car- 

ters for 10 to 1? scientists. Since th« sspeditlor was going to the 

tropics, the ship was equipped with air-corditioning'and idth special 

refrigeration to presche specimens. The expedition vas planned for 

11     ^ 
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■ werk metly at great ocean depth? and fcr thin rurposos it vtts equipped 

with a nurtber of neu Devices, ''e :vs+. mention a nsr-r po-/<sriul olsntrio 

hoist :?o? lo^erin^: seil, probst an,J tr:-\;lu ar.d a -r-avy action *".o" 't-:- 

el?red hjr :'ullerihr-:rg far drawing or! wans of "5ea .'eporits IT to "0 "? 

long. The expedition possessed a new automatic sounding device for '-"orV: 

st 5oi'ths greater than 7,'>X' n, as well as a seismic apparatus cf the 

"eihl ,">y«ten, 

•vi,e fq-.^js :>rc-„'i^- or; ■v.nog-'-p^er dans ":^tt.ors3Jrn7as rhief of tS? 

orp^ttion. Comnaraiins the *vip vas Ca^tair. N« "-'rafft,  VaVin? p?rt in 

th» expedition rare prefersors V'eihl, I'-alV-nberg, '"Ylcv, d'oory, dibslin 

arvr otuer% 

?be "iain purpose of the "Albatross" errp^-dition '-res to obtain Ton? 

cclv/mr of r-c? «ou'Lii^nt in ths or-jot or lal -v$ion. in the a one of conver- 

gence w.! Oivcr/ymco, in audition one of tv,e tash? of th^ <*>:p**dit:1on ras 

to study the relief of the ocean floor hy mans cf an iMtonotir sour.^ng 

'cv-ce sy-~& th ■ .-intirä itinerary,  social hydro-op*iricl rvw.-rnh, V'dre- 

o'-^rieal oV-urv.^icn?, and in particular dut.err.ünation of -ararian rr.d 

raa-'u-; content in *ea water. Pinally, th= expedition  *as to investi.;ate 

the abyssal fauna in th« i>rtv Atlantic. 

T^e "Albatross"   sailed fry- Göteborg on July ht I?7i7, was at ?ea 

"o** a period of,"IT north?, r>nd retv.rnöd to Göteborg on OVher 3, 1>''R. 

*   The itinerary of th • erudition (cce Pig. <) '.ras as follows: ;1ot-borg - 

- •'isttinique — Panama — Galapagos Islands — Tahiti — Hawaii — 

Philiprinee — Tsva — Occof» Islanas — Ceylon — Seyr.helles Islands - 

- Aden — SV.P.S Canal — viibraltT — Capo \r«rce Islands — yernnndo 

— is -, 
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Fig. 1. " Albatros? e" — ship of the Si'eaish around 

the vrorld expedition of 19U7-19U8« 

de Noronha — Ve?t Indies — Cer^uda l"1r.nds' — Qoteborg, 

T-Then th'3 expedition was cor.pl«ted, tve material gathered TOS pro- 

cessed by the entire etaff of the •Got-'-boi-g Oceanographic Institute. In 

addition, some material :rao turned over to other scientific institu- 

13 
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tions in Sweden, as ^Teli as inland, J.J...., tTcst üermany snd Aur-trla. 

It f-ras hoped that process in;_; of tin nntorial collected vy thi evrwdition 

would ta!:e t*..T<i to thrcv years. !;owev-_>r, it is r.ot finished to this day, 

and will r~cb'b*y co-iMraia for ^uvcr 1 '*crc years* Nevertheless, numo- 

rcus article:: 'v. r'recu;.- ."mpearirg in nrirrt,  Sotting forth the '-adic 

soientäf-t'; ?ohiev&-y?ntc of the "Albatross!'.^e-Ution, aa veil au .•'ope- 

rate volume. of v"-~ovkc en completed sections»        ' 

"e cite the Vaie co:.?ntific results of tbfl «scpodition. 

I. 'nh'r  first, detailed data vor* obtained on the co-iplra: differentia- 

tiof. of the ocean floor at depth«; between 5,000 and '7*000 n. '"'-e infor^a- 

tion about th»; ^xi'-t-nue of a ccnplox half relief floor of the ocean Lc 

of particular interest. >;.'..-.• 

°. A preliminary, lithological study cf long cclu"n~ of rcil has beer, 

made, their total length reaches 1,600 m (2J2 colur.ri.3y; th*  ^reso-nce of 

candy ^-rtlcl.is has'been found at 0reat depths and at an ixnanse '.•-'.stance 

from the source of their entry». This is associated vith the transmission 

cZ -Jands by turbulernV currents, and with various processes of aut^igenic 

mineral, formation. New and interesting data were also obtained on urder- 

TTrtter eroaion,  ;<a well ?s en the cher.ical interaction between Pediments 

and bottom vaters« 

7. A study of the ni-.Toflora and microfanna has been made, pnproxl« 

matoly every 10 cm of the long columns. Tbe results of t^-- irvor Rations, 

conducted by Pledger, Schott, Riedel, Cvey *md 'vise*ian, sr-d by .other 

researchers, indicate that in tvo geological past there have been sub- 

ptsntial charges cf physico-gcographieal conditions in the equatorial 
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8nd,s-divergence, Mere is. &\navticul..3.rl" notio*?b1e. a Spirent stratifi- 

cation 'i'ae to ^he-appeprancc'.O"? nun^rous r'treaks of .f^r^dntfe^ö^.';" . 

1 cciitfJ. Itegions vsro al andlrrccvered '^re to a';depth, oi'"nearly. >5-..n<»r,':* 

fror.« the bottom '.surface sedimf-nts *r<vnot stratified ^l-re^r Wonted; 

only-t'.y red'olayfc?>nrf radlolarian silt,'Taking into account >th<? laft-.., 

sediafltrt&tiiön rate ir. tKfest». regions, '["* -r-sttorson^ftliarveathat red.' 

cl%" -^gan fuming -v»t<ueeTi-'. l£ and .30 "lüliön ysars a?o, i,«vas «".rl/ 

r.s +'"*•'?• '>jrti'.'jry period.-, •: ; *   : ■    r: • / . ■-     ..: .    ■ :   ■ ; 

';.'•■" Investi^'ioi>« ve-Aff-MSidotöf. th^rihwalosieal•'»rid qraralonotrie 

struetor« of OOIU-TOC, as a result of which-numerous horison^ *.?',yftlca- 

nic ssh''*Äi«,a',dis»5ovör»(i ^lift^-arcf-'wsu^i^.tücl vitvj carl.,7 historical.»nd 

prehistoricat erupt ions,. ■;     . '.,'.        ;'s - . 

•>. ■investigations wer-ü *w?de in the ar.ra: c£ radioaot^-itr of CUä 

wat**' and '?'«3dir«sntsj' .ir.jviou'5l;.''*~;cT!Ti In^mafiGn vas enlarged upon:! 

^orcirnin;: tV pry.'-.ticdlly ccr?tant. uranium content ir; ^su.'-.Tst^r —"' 

{1.3 >" I'^~'/g ü/erv '}, ?.'r.d con rrnin,, radium csntent cf sea *?at«r, ?!«« 

ccrpXct: distribution of radium <lon^t,n;.> vertical' in .columns ha«haen 

olarifirtd, en the "^atiis of-.v'ricli it car. be «sumacl that- radium xkyj&tes 

in 'a vortica?. direction,' '^nd for thip r>?.a3or direct determination of 

raditfn is unsuitable *or an-oxpl&naticrtrof "t'-vs «thsolTite.-age of aoili 

This ir-especially i --portant 'in- connection .-with t be-fact that American 

researchers videly u?a'-the '.rr/ n>ot'iod in ^otor'/iiring-th*» absolute *?> 

a.ge of *!sdi*not!ts- acoorclir.^to rsvaiU-'i eontantV In:order to •■^eternine"' 

thnir ohsolute'- age itt-th-v lieftVof results .o>;tair6d,- th«>. thoriun*"Änd 

:*<:-... 

t 
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ionium methods are now used. 

6, Cn the basis of the study of microflora and jnicrofauca, and • 

also by mean3 of radioactive measurements, it was ascertained that 

thb sedimentation rate in the Pacific Ocean fluctuates from 1 mm 

per 1,000 years for red «Lays to 15 to 2$ mm per 1,QC0 years for 

calciferous silt. In the Mediterranean the sedimentation rate has 

been calculated to be 100 mm and more per 1,000 years. The radio- 

carbon method was used in these determinations in particular. 

7, Seismic studies according to the 'feibl method made it pos- 

sible to determine the maximum thioVness of sediments, equal to ?,!?00 m. 

in the *iastern Atlantic between Madeira and the Middle Atlantic Range, 

In the open nrrts of the Pacific and Indian Ocean the reflecting sur- 

face is located at depths of several hundred meters below th*> floor 

surface. It is possible that the reflecting surface represents an 

inierlayer of lava* This conclusion t-??..° confirmed by sub serpent data 

of American ar.d British expeditions. 

5.. Tiir: first attempt,? to measure the "»cthermic ^r-idi^nt on the 

ocean floor undertaken by ■'>*. expedition provided an iJ"; ~f its magni- 

tude. In th-^ central part of bh^ r'3c-'fie Oc\in near the -quator, at a 

-!e-tv. •-£ J|,'ro n, the temperature increases.by 1° in penetrating the 

svdinent 21 nu.in the western part of the Pacific Ocean, at a epth of 
o 

•5,300 ir.-the incrwaee of temperature cf 1 is observed at a depth of 7.6 m. 

In the Indi?n «Jcean, between the Oocoa Islands.and Christmas Island, 

ths gradient .reaches the imaensts magnitude of Urn, A conclusion has 

been reached that the thermal current at t>« ocean floor le alm/$.«=t as 
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intensive as on the continents. A particularly high gradient has Veen' ' 

observed in the Indian Ocean, similar tc the (gradients close'to vbloa-" 

noes'and' solfatara, " "'"  '    ""."." 

9, Biological studies, made to ,;arü tfe end' of (the vc^age 'in the 

Atlantic, indicate that"' 'twere'is life at depthaup'to'?,600 m.    The 

trawling depth reached by "Alb ntros's'1 er seeded the* record depth* of ' 

travrlin-j '?f c,COO m set by thrT expedition of the Trinee of Tonacc,' by' 

1,600 si.'II, ':!>' interesting to note in this connect ion that Soviet investi- 

"gators crr:d*ü'out'trawls at depths in ocoess of'%'Ö0'0 as early as l1?!;.0, 

10« ,'Iyir'o-optical investigations'"by ihoanr' of the tyndallm«trio method 

j, rrnde it jjossi^le tc provide quantitative d^brar.;iination&* of suspended, nat- 

ter in tho mass .of" oc*an waters 'and' 'to "determine ths' presence of'numerous 

clouds of mad in the ocean?, 

Mithin ten "months ffter the "conVoiciion of the "'.ib^.fcroüc" ?o;a£e, the 
•;•' ■ r. ■"' ',r,.:;;-.v*    -i,  ;■  \...     ;    .''■■■   '■iy.i)'" '■ " ,i r; • i/f''"'      '* .'    ■'''    '    '■■■;•■ 

ship "Vityns"' (Fig, 3; be^an its investigation of th^ Far Eastern waters 
.i .   "'•■ ' '■-■  r;   :.::     v   ..    : ■      '     •;     •/   "...••.   . •'  v!,'ui[/.-. ;,. '.■'..      -', 

of the jr>SK and of the adjacent parts of the Pacific Oceanj it is a So- 

viet research ship. There is a number of 'substantial "differences in the 

organisation of expeditionary investigations conducted' vy this ship ».nd 

by the three above -entioned foreign expedition"?"("Albatross,", "opiates" 

and'"Challenger")«' The three foreign expeditions werei"of"an episodic na- 

ture; t'^yy "eo-ipleted'aroiind-the«.vrcrli Voyages, principally in the equato- 

rial bolt, end the ships completing; those- voyages" were 'riot "cr pressly made 

for e-perUtions,' but'ver-f acquired "for a relatively'short period "(one 

?nd a half to two years), ahd were only adapted to oceanic investigation , 

The ships as such were relativity small in siae,' with 'a displacement 

J 



of 1,000 to 1,$00 tons, with small quarters for laboratories and limi- 

tod scientific personnel. For this reason they did not have an op;or- 

tunity to conduct complex oeeanographic investigations, and chiefly 

worked in any single field. Thus, for example, "Galr.tea" studied mostly 

the animal and bacterial population of the ocean bed and of deepwater 

trenches. The "Vityaz'" is a much larger-sized ship. Iler displacement 

is £,$00 tons, the scientific personnel is between 60 and 6$ persons, and 

there are ll» well-equipped laboratories. This makes it possible to conduct 

simultaneous complex work in all branches of oceanography, with the deck 

and laboratory equipment being adapted to this purpose. Although some 

individual voyages of the »Vityaz»" are undertaken for special purposes, 

in general, however, the investigations are of a wide complex nature. 

The specially equipped expedition ship "Vityaz»" belongs to the 

Institute of Oceanology Ac Sei USSR has been engaged in uninterrupted 

work since I9h9 and will continue th« work in the future. This will make 

it possible continually to improve the laboratory ship in all the details 

of the complicated and many-sided methods of marine work, and to maintain 

succession both in this regard, as well as with regard to the problems 

being developed and investigating habits of the numerous personnel of co- 

workers and officers of the "Vityaz«." The Institute and its floating 

research base form a single unit, and their simultaneous activity will 

assure Soviet oceanography continued success. 

There are additional substantial considerations distinguishing the 

work of the three foreign expeditions from the work of "Vityaz'.1» until 

the present time, the latter conducted investigations within a relati- 
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Fig. 2. Soviet research ship »Vityaz»." 
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Pig» 5. Routes of the MVityaz'" 

expeditions, 1949 - 3 955. 
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vely small area of the ooean: in the Sea of Japan, Okhotsk and Bering,\" 

and in the adjacent part of the Pacific Ocean, comprising a total area 

of about 7 million km2. During that time "Vityaz«» completed 2$ seps-ate 

[voyages in the Par East (Fig. 3). During the period of the International: 

Geophysical Tear the ship completed several additional major voyages 

encompassing the entire Pacific Ocean within the limits of the Northern 

Hemisphere, and one of voyages carried the work of the "Vityaz"' in two 

meridional cuts far south, to New Zealand. 

The "Vityaz«" investigations have contributed much new material to 

the study of the Pacific Ocean depths. Great care has been taken to de- 

scribe the relief of the northwestern part of the Pacific Ocean, and par- 

ticularly of'the Kurile-Kamchatka trench and of the underwater part of 

the «ntire Kurile Island chain. Huge underwater mountain? were discovered 

and described: the »Vityaz»" range, the Academician Shir3hov range, and 

the North-Hawaiian range. A very large number of long (up to 3U n) column- 

were obtained of bottom sediments and determinations were made of the 

total thickness of porous deposits of the bottom and of their chemical 

characteristics,   . 

The study of the deepwater zone of the northwestern part of the Paci- 

fic Ocean uncovered new deepwater fauna with hundreds of new forms and a 

lar^e number of new kinds, families, and categories of a higher system. 

Soviet biologists produced a new chart of vertical zonality in the 

distribution of oceanic fauna, a new deep ultra-abyssal zone has been 

isolated and substantiated (over 6,000 m) — the zone of oceanic dep- 

ressions with its separate characteristic living world. The first 

—   29 — 
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diagram of a geoftrapnic zoning of the deepv.<vter fauna of the 

oceans was c;ade, explaining its numerous ecoloeical peculia- 

rities» 

Hydrocher/iical and hydrolo,<::icol investigations of ocean 

deptha also uncovered a lot of new raatter. 

The University of Copenhagen was sponsor of the "G- latea" 

expedition (Fig. *0. A navy frigate v&a  used, which was ^«dai- 

ly refitted for inventi'-ution work. The '"Galatea1 -/', displacement 

v-ss 1,6:50 tons and the «peed -■•is.&  It knote. The .ship was et;uip- 

ned with one lar^a laboratory and living quarters for 12 to iM 

scientific workers« Tue etuipftent included a modern automatic 

S'.vanc'ins device up to 10,000 m, a doepw#ter trawling hoist ob- 

tained from the "Albatross," refrigerators to preserve «peci- 

mens, special equipment for geomagnetic research at great 

depths, tr?.wls and Petersen dredges. 

Pig. 4. The ship of the Danish round the world 
expedition "Galatea," 1950 - 1952. 
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Professor Anton Bruun of the university of Copenhegen war 

scientific director of the expedition. Also taking part; in th 

expedition were Professors ''.-•o.v<. •_"': .•;,<-n   ,oI.V, .-..-.I. r;CA, *. ai - 

ber o; ^ nish and several foreign r.cholars, j^rticulurly the 

oiicrobiolcsist Zchell COS.,), Xullsnbern (Sweden), Davia (South 

Africa), es well as zoologists frora India, Siam and the Philip- 

pine«!. 

The nain purpose of t,.o expedition was to study life at 

abyssal depths, and especially in deepwater oceen trenches. 

The -plans celled for investigation by means of deepwater traw- 

ling, taking samples from the floor and soil tubes of compara- 

tively short len th, as well ax  safspLin;.: w«ter. In addition, the 

ocean floor relief was to be studied tnrouracut the whole route 

of the expedition, v.-ith wore detailed measurements taken io  deep- ■ 

■.voter trenches. Map;r.?to.-.'Oi.ric ob.';-:, rv.tioaa -vere a ser.ar;:te task 

of tr.e '•'•'}}.'  hes" f;:cr*cüJ. 1 i:.i:i. 

The "(Vlataa''' lefiv Copenhagen vn  October If, lv.':0 and «3 at 

pea for 21 months, returning to Coy,n1,v,.-QY<.  on July l'7, 1/'J%". r,he 

itinerary o- the expedition '.(Pi•> 5) -.-CO a:/ fo.Ucv/s: c:o?es>m:er. - 

.- '•:•.'-1 ;j.-i C!ic,.n.»el — Bay of -iscay --'. .Co'fc'St fof ..*e«t .'.j.Vica — Cape 

; v-,v/n — Co'-i•■;;•. of I'&.st. Africa ~- rsdatfascar -.-,.uo.-.ibasr9 — Cr.-uchel- 

las Tslr.n<l«s — Ceylon -- Calcutta --fnixebar --. fciuvönore — 3-rv;- 

itoi;: Philippines — In,icne»iu — Y-Q-I:  Guinea — Solo son I:lands - 

- .-;?.■ t;>rn -£<.- ■•■oivi-hovn: .• .) t.'i; lia — ?<;a--nia — 
fellin,7':on - 
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Campbell — Äucklarid — Kermadek — Tonga — Samoa ~ Hawaii -• 

11» California — Mexico — Panama -- West Indies — Azores — ■ 

English Channel — Copenhagen. 

d .  .'    The material gathered by the expedition was processed af- 

«1 ter its completion« A number of articles and books explaining 

the work'of the expedition were published, also the second vo- 

lume of the Proceedings of the Expedition containing articles 

with the results of fauna collecting from depths greater than 

6,000 m. The following are the most noteworthy results of the 

"Galatea" expedition. 

The expedition conduoted detailed investigations of the 

floor relief at great depths. Work in deepwater ocean trenches 

proved particularly interesting. Such, for example, are data 

concerning the underwater relief of the Philippine, Java, Solo- 

mons, Tonga and Kermadek trenches. The work of the "Galatea" 

disclosed the step-like nature of the slopes of deepwater tren- 

ches and a narrowness of their deep parts. In should be noted 

that the "Galatee" took measurements of the depth of the P.iilip- 

pine trench producing a very critical appraisal of earlier data 

concerning the maximum depth of this trench. Instead of the ear- 

lier known "Cape Johnson" depth (10,5^0 m) the "Galatea" measu- 

red 10,082 m, and the maximum depth of 10,26$ m found by the 

"Galatea" should be regarded as the maximum depth of the Philip- 

pine trench. 
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/     The most interesting results of the expedition are in the 
/ 
field of biology» The expedition discovered a large number of 

new forms of deepwater animals, conducted succeosful trav/ling 

and dredging at the greatest depths of the Philippine trench 

and determined the existence of a specific abyssal fauna. Like 

Soviet investigators, A. Bruun believes-that it is possible to 

set apart a separate zone, deeper than 6,000 m$ he calls it the 

hading zone. In adcition, bactaria were obtained from raaxinum 

ocean depths, belonging to the barophile type, i.e., adapted to 

life under great pressure, which perish when pressure is reduced. 

Investigations of the productivity of the oceans were also made, 

and they are interesting! they were conducted by the radiocarbon 

method — a study of radioactive carbon fixed by plankton. The 

results • of geomagnetic observations have not been published as 

yet. 
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The round the world expedition of the '^Challenger" CFig.6) 

/ 
was sponsored by British scientific hydrographic institutions. 

This ship of 1,1^0 tons displacement was built in 1951 and bears 

the name of her famous predecessor, the "Challenger" which com- 

pleted a round the world voyage between l8?2 and I876« The new 

"Challenger" was equipped with modern automatic echo-sounding 

devices, bathythermographs, the latest apparatus for seismic 

measurements at sea, and with standard equipment for magneto- 

metric end biological research. There were 95 people in the crew 

of the "Challenger," but only three scientific workers. Seismic 

investigations were conducted by Haskell of the Anglo-Iranian 

Oil Company and Swallow of Cambridge University. Ma gn.3 tome trie 

end biological observations were conducted by the s'-iipV. p'-si- 

cian, D. Haines. Standard bathythermogrephic investigations, re- 

cording of temperature end water salinity were conducted by the 

captain and officers of the "Challenger." H. "litchie v.as in com- 

mand of the "Ci.fO.i'-jn.ver." The expedition had three main purposes. 

1. Continuous; echo so undine; the route to deter'tine depth, end 

with particular attention paid to little-Icno-n banks which are im- 

port v-nt to n?vi'-;ption. Hydrographie investigations \"ere the riain 

object of tho v-cpodition. 

2. Kydrologicsl investi.-.atione and taking of ■■'  ter rsc:-ijvleB 

";'th bf.thyri^terc fron depths u>> to 4,000 m, to oup.v.e '.-.>nt '>.<■:ts. 

collected by pr.:viouR expeditions. The surface water temperature 
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vreu? taken hourly,  and bathytherrao^r^hs vore  lowered  three 

ftiaes every 2-1!- hours, 

3,  Invest.«  .ationa  in  ■[■;.:■,:   iiolA of    .so!.1 ojjy  '.>no.  ■.v.>.''.S:.ii:jc, 

and simultaneous biological and ;.in \netoraetrio  obcu.vvr.ti.oriy. 

ii'ig»  o.   .t*ii •?  «hip  of  the l>ritti":U rcu:\d  the 

•7orld expcition M(;hali-:;tv<;er  ,;  10:50 - l'v>r« 

The  expedition left Plymouth on i'ay 1,   .1.';.;>0 .«.wi  en.'ted at 

i'ortr.r.outh on, September  ;:$,   l.T><"-,   i.e.,   it  co.;fciiH>.ect  for 2') 

cionths.  The  itinerary  too.;;   ;;:-.e  e/.p icii.ion across  the  .-.tl-, utic 

Cceern to Bermuda,   throi'^Ii  the   :■;« tia C«nal   bo  i:Lr>  ■'•ac.ific,   a lor:.;: 

the  coast of ITorth  America  to  Vancouver,   then scrosc  the  Pacific 

to Hawaii,   the  Aleutians  in  tho  .\irßctiou  of  Japcr,   an.    s.-.:en: 

T.exj Guinea — He".- £3---lund  -- Fiji  Islands  —   ;he h'ariaaas 

4 
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canyon — Japan — Tlong Kong — Java— Colombo — Seychelles' 

TVü?.ncbs' — Ued Gen -- H^ditsrraneeh —Gibraltar— 2hv.;land«" 

'The ccionfcific'reaults of the expedition, have not been fully 

■oubli.'iuecl es yet; there ara only sporadic articles in different 

arses of research,' esp<26i«*lly seißmism. The hydro^raViic material 

of t.'v. expedition which is apparently very voluminous ami Valu- 

c'^le, a a v/a c&.n jucJ#e from the section of a detailed measurement 

plotted on the ch--rt of the expedition's route, has not been .pub- 

lished» 

A  total of 1? complete hyrlrolo;:ical stops were'am de Ourihg 

the expedition when water aaapies were tah'en uith bathymeters! 

alcnr v?ith eci..o sounding, cone interesting cbsc-rvetions were 

made concerning the vertical migration of phytoplaniton noted 

on ec'.-.ographs. The echo horizon in the upper layers of water 

near the coast of California was at a depth of 40 to 60 m at 

nißht and at about 300 a in the daytime. The rate of the verti- 

cal shift of the echo horizon was about k  m/min during the morning 

and evening hours when the echo layer was descending« and 2 to 

3 a/min when it waa rising. This rate was observed for 5 conse- 

cutive days. A plankton net, lowering into the echo horizon by 

indications of the eoho sounder, as a rule brought up a lot of 
■' ■'  r     ■ i 

calanuo, medusae, euphausidae, pteropoda, sagitta, etc« No fish 

was caught in these places, however, there were recordings on the 

tape of the echo sounder similar to those observed when fish 

■''''' f'    •  '   .       ■..'•. 
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amass. rihis echo layer was so dense that pulses reflected from 

the true floor did not reach the receiver of the echo sounder 

end the false echo could easily be confused with the true. It 

is probable that the discovery of a number of banks in the Pa- 

cific Ocean is asr.oqi.- ted with this kind of interference? they 

were recorded on tapes of automatic echo sounder, tut were not 

found during subsequent investigations»» 

The -.relii.iirsry data of the !:Chfi i-ienyer" expditi.ee on ^.') 

echo Goundin/r which are available to us indicate that there :\re 

r.-.any underwater aouutainc in th.- Pacific. Ocean, .rising to bet- 

ween 2»0C0 and 3,000 M above the ciurrcunöinr; floor. Ir. a uu 'Vr 

of caven the tons of those ueuntuins i.düs the ocean nurf?.c« by 

.?0 to 50 m, and represent an inchu:-tri--;l i'm\   -i-.vi"  t.in;^: inte- 

rest. It -?.c noted, in -pa..-ticulr.rt that ^igrsting r.o-xi.a  cencen- 

trr.te c!or;e to khs to.;e of ;ui:;cr:." ter .'.ount.'.ino, ?■■■■■-:-;.-T-.'.:l'r 

...::.:\:.   LI:'; ur.<>vv,■;..v:r -cunt: i.ic :or   J'eeuin-: during t.vcir tw;-;>. 

One. of ■-:■ i.^t   i.if r. ;-t-i:\; r^sul^: of :no ■ C.:.■ailon-^r" 

vc./o'-o v;::.-s the- •■ir.covery of ':.'n5   f;r?.'.t^st de;:t'' of the ■■•-rj.ü 

occ »r. — ID,."-.'.3 a  in fcaa :-'-flriJ*nac cr.uyon. 'J-'-i- fi.-uvs \.">.e .v de 

,:o:.-e  :;•.:.:i. :e''^' the -Vityrs;',: .a::ri»-'.:'..tion i~; l;-37» :-nc: at t..o 

_??or-:nt t;. .?.li,0>'! a  nh'M'ld be conci..ered th.-; -"entert <H.>th 

Of     ••!'• ':    OC:    c.iÜJ, . ■...-■ ■•:■■■...... •.'"T .      ' ' .■ 3 

.   iP    .,, :::oct  f;.illy. illustrated in print *re  the  n-^^uitionc ;\chie-, 

ve.1n.nt5  in the  i'iold  of  ^eter.uinin;-: the  thichneca of  -/'Crous 
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sediments on the ocean floor. New seismic apparatus was used 

for this purpose. Explosion impulses were received by means of 

radio buoys which were placed along the profile at. a distance 

.«'of 1 to 6 miles from each other. The hydrophones of the radio 

buoys were lowered to between 20 and 30 m. The work was conducted 

by the broken wave m»thod, end the weight of BB charges fluctu- 

ated between *K) and 100 kg. The data obtained concerning the 

\ thickness of bottor.; deposits and the propagation of sound within 

them make it possible to conclude that regions occupied by the 

oceans at the present time differ by their geological structure 

sharply from the continents, and oceans apparantly came into exi- 

stence in remote antiquity. This i3 confirmed by the seismic 

cross section of the sediments on the ocean floor. Under the 

layer of porous deposits, the ocean bottom contains rocks in 

which sound propagates at a speed of 6,300 m/sec, which corres- 

A     onds to the basalt indicator. 

' ") The speed of sound is lower in the underlying horizon of 

the continents, it is between 5«000 and 6,000 m/sec. Particularly 

sharp differences are encountered in the location of the Mohöro- 

vicic divide, which is much closer to the surface in the oceans 

than under continents. Seismic investigation of the Pacific ocean 

atolls confirmed the correctness of Darwin's hypothesis on the 

development of atolls on ancient volsanic cones which are in a 

state of slow sinking* It was determined by seismic investiga- 
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tions that the thickness of porous sediments in the Pacific 

'and Indian Ocean is smaller than that in the Atlantic Ocean by 

a fac-or of t>7o to three. This is probably associated with the 

rate of sedimentation and conditions of sediment formation in 

these oceans, and not with a difference in. their age. It is also 

possible 'that the thickness of sediments in the Indian and Paci- 

fic Ocean is associ. ted with the presence of seams of basalt lava. 

Tt should be considered that the stops made by "Challenger" 

in the Atlantic were generally made closer to land than in the 

Vacific, and bottom deposits were represented by the relatively 

faster forming globigerina silts. Finally, the stations in the 

J'orth Atlantic arc located in the zone of ice theXvirrj during the 

period of the last -laciation. 

It would be interest in.!;; to make the folio :in;;r calculation: 

the rate of the present scdiment-tion of ylobirerina silts e-nals 

'.'.-.••■ro-.:i ■.ately 1 cm per 1,000 yenrs. If we would ace not t;sis rate 

r'.j c- placable tc th/> geological hx.c-.uory of the oceans and conat- 

rnt --ithin ?:.p..i?o::i-i-- tion, end if we would'assume that the oceans 

vor-} fovrted ?.bout 2 billion yerrs ago, the''thickness of -porous 

•üe?oritc on the oce^n floor should constitute about 10,0 ' m. 

This co-..'ridsr-r..blv o::c22ds the results of direct determination of 

thickness by'seismic".■ethod, which is 600  to l,0u0 m. Such a great 

difference'can be'explained by fluctuations in the rate of sedi- 

r-vintotion in the pao't, and'particulsrly by the'fact thet the ; ' 
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rate  of  '•elir/'ontation in  the  oceans at.  the  present  is "such  hi- 

r.;her  than  in th..-    :so"> cyical   cast,     yhe  incre-vied nrc-v-nt  rate  c: 

R-U•■'j ::i-.:ni.v tiou  ir.  the  oceans  "jay bo  aa.-uici:. ted with a  higher  scnnd 

of  the  continents  and s'ith an  iccrorj.inr; role'  of  orrytnoyenic 

sedimentation. 

There  is also a vary interesting conclusion nisde  by hatfhell 

and »>v,'allew  to  the effect  that   thers  in, a  possible  ßrnäusl   tran- 

sition  frcv  ths   -:tr-..icture  of continent«  to  the   .~ tractive  of   the 

-com:  floor. 

.Data on hiolc .ical an . wr^'neto.T.et-cic  observr t-.h■.•na  h:\ve  not 

been   •.■üblichev. a«, yet. 

•T-us,   at:  far r,a we  can  juclf;e  by the  vnihli-shed  .».at.:.vi<.l ,   the 

nC\c.lI:>n 'er^   vv.'.r edition   provided  the  ,-\<:st  inter-atiü."   -v-.terial 

in   the   fi.'O.d  of  geology of   the   oce;>n   floor  ■ nd in  the   field  of 

"rr. 0 • • O V .:: I 0 3. o ;~y, 

71   L: evident iro:.. what \a.r.  ber-n si id ?.bovc r.ji.- .t Che drta 

nev/.ly collect?'1 hy four large re>-    re!; expeditions during the 

r-.nt  10 ye^rs, portainin,-; to tha nature of th:i oc ns, ropre/s32it 

extraordinary int.<*ror, fc, "ovs?ver, wo au.st alf=o consider «o;i« r='.ort- 

co..ii:%.v,':3 in the ory.-.i-iiv'tion of jor'.:  of th;- throe foreiyn experii- 

fcions, \n\\ch  ve y.uintsd out before. It is to he noted that due 

to  v.?.ll lob or* t cry .-face and a small üuvber of scientific yorcon« 

nel, the foreiyr expeditions '*ere not complex oceanoyra■> in expe- 

ditions -- esch one -,/as set in a definite direction, Thi3 vmts 
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a definite imprint on all the results obtained. The limited 

programs of the investigations did not make it possible to set 

a sufficiently complete picture of the interrelation -nd inter- 

dependence of natural phenomena, and did not provide a suffi- 

ciently full understanding of the nature of the oceans. 

Thß "Galatea" expedition had the-most numerous personnel, 

20 persons, while the "Challenger'» had only 3 scientific workers. 

It is hardly possible to solve the quite considerable problems 

feeing an expedition ship with such forces. 

It is also necessary to note the relatively short duration 

of the undertakings which limited the possibilities of research. 

Work was interrupted at a moment when it would seem that two 

years of research should have been yielding further fruitful pro- 

spects. The very nature of all three itineraries conttibuted to 

greater intervals between stops and to a certain fragmentarity 

of the results. 

It is necessary to note in conclusion that the above men- 

tioned stage of oceanographic investigations.is associated with 

a considerable development of international relations. 

Several international associations have come into existence 
r 

in the past several years, dedicated to the development of ocea- 

nographic, and particularly deepwater exploration. The so-called 

IACOKS (International Advisory Committee on Marine Science) has 

been part of UKESCO for two years, and the International Council 
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of Science Unions ("IC5U") has established a Special Cocnittee 

of Ccean Research ("SCOi?")» Attached to this Council there is 

alao an International Ccnnittee on .Deepsea uese;.-rch and its 

journal ''Deepsea Kesearöh/' which is international in scone. 

Lively activities are observed again in,/the International Council 

for Sea .«Study (IC:3S") vision -.vats founded 55 years ago. 

It is particularly iaportant for the sake of international 

cooperation in the field of the study of ooeans and in the exploi- 

tation of their raw Material resources that the open spaces of the 
-.■  • "•»'  :-• .•'.'.■■■.i   '. ' ■ .."■- .'  ': .vi//r ■.-,-'! >.*s V-; P ".:.:■;.•■■ ■■■: N ■ ■■   ''■■•'•■ 
ocer.n's and numerous seas do not belong to nny  state individually. 
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INVESTIGATIONS OF THE FLOOR RELIEF OF SEAS AND OCEANS 

by 0* B. Udintaev 

Successful studies of the submarine relief largely depend 

on the quality of the technique and on the method employed. The 

object of the investigation, hidden from the observer's eyes, oan 

be studied with the necessary attention to details only on condi- 

tion of using sufficiently perfected technical means and methods. 

World War II gave rise to intensive development of hydroacoustio 

engineering and navigational aids. It was possible to use all 

these means within the past few years in hydrographic and oceano- 

graphic investigations for peaceful purposes, first of all in the 

study of the submarine relief, further engineering developments 

in the postwar period even more accelerated improvement of tools 

and methods of depth sounding and of plotting a ship's position 

on the open sea. The general level of the scope of oceanographic 

work showed in the organization of large expeditions and in the 

completion of'large systematic and complex studies which contribu- 

ted to a rapid amassing of new Information on the floor relief of 

seas and oceans. The collected facts permitted, in turn, to draw 

important inferences} new hypotheses appeared, and considerable 

success was achieved in stating and developing some important 
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problems of marine geomorphology.All t.hla makes it possible to 

(regard the postwar period in the development of oceanography as 
' ■ ■■ "'    • 

\ a stage which is qualitatively different from the preceding period. 

H    A concentration of the efforts of all nations on the inves- 

tigation of the oceans of the world during the period of the In- 

ternational Geophysical Year justified the expectation of a new 

u^®airge of oceanographic investigations in the near future, and 

this promises to advance our concepts of the submarine relief 

ewn farther ahead« 

d! 

i 
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Technique and Method of Investigation 

of the Submarine Relief 

Depth sounding is the basic method of studying the relief 

I'.aft the present time« It was characteristic of the preceding pe- 

riod of investigation that there was an almost complete abandon- 

ment of the heretofore widely used method of line sounding of 

V.     depths during the prewar years« and its limitation to the mere 

*©le of a check method» The sonic method is now the principal 

method used in echo sounding, and its use in the practice of 

«oceanographic and hydrograpnic work began in the late 1920s and 

• early 1930s« ljue to the improvement of their design, echo soun- 

ding devices have become so effective in solving the problems 

-of investigation that in the postwar period no expedition of any 

significance would ao without them. The basic property of modern 

ec&o sounders lies in the fact that they afford an opportunity 
;'«af continuous automatic recording of the depths, and this 

— 35 — 

=%» 



■*-J. 

! makes them widely applicable in research practice; measurements 

ere made very frequently and with groat accuracy; their power 

is sufficient to Measure the very greatest ocean depths, and 

they are compact and reliable in operation and simple to serve» 

The most complete assortment of different types-of echo 

s-^mders had lately been produced by the fix'ms "Kelvin & Hughes" 

(Or.>at Britain), "Bendix" and "Electronic Corporation" (USA), 

"Atlas-Werke" and ' filak" (tfest Germany), and by the Soviet ship- 

building industry /85, 89, 1^8, 411/, The postv/ar production of 

e'itomatic recording' echo sounders which ensure reliable measure- 

ment of the very greatest ocean depths in deppeea trenches is an 

important achievement of sound measurement engineering; echo 

sounders of this type had been unique for a long time. Now they 

are produced by the British firm ''Kelvin and Hughes" /2?9/» by' 

the üüierican firm "Sdo" /I85/ and by the Japeneee firm "Nichon- 

Denzi." Host interesting for research purposes are the precision 

echo sounders v/hich make it possible to detect even the smallest 

relief chapes, and echo sounders equipped with electron-ray tubes 

used for the study of the nature of the floor soil and for de- 

tecting fish. Such echo sounders are produced, in particular, by 

"Kelvin and Hughes," "Bendix, «» "Atlas-Werke1,' "Elak," "Nichon- 

Denzi" and some other companies» 

Descriptions of the new types of echo sounders produced in 

the postwar period are contained, on the one hand, in numerous 

."'36 . 
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company publications of the "Service Instructions'* type, and, 

on the other hand, in a number of review articles on the sub- 

ject and in manuals on electro-navigation equipment /94, 113, 

122, 131, 168, 183, 185, 221, 222, 268. 420, 426, 436/. Techni- 

cal r.descriptions of echo sounders and their basic characteris- 

tics can also be found in a number of works on the use of echo 

sounders for research purposes /l, 2, 89» 92/» Problems of fur- 

ther improvement of echo sounders for research purposes have 

been examined in a number of articles /251, 283, 310/. Problems 

of developing the technique of sound measurement of depths and 

the latest discoveries in this field are also expounded in some 

popular science articles /102, 179, 230, ^35/. 

The wide introduction of echo sounders into the practice 

of geomorphological research required a development of problems 

of methodical sound measurement of ocean depths. These problems 

were first explained in a plan of method of hydropgraphic ope- 

rations /10, 64, 222, 31^, 333, ^32/. This can be explained by 

the fact that echo sounders were fairly widely used in practical 

Hydrographie research, much earlier than in practical oceanogra- 

phic research; in the latter echo sounders were used for a long 

time only by large individual expeditions. With increasing ocea- 

nographic research, a need arose for the development of special 

methods of echo sounding measurements. The point is that in spite 

of the single object of study and a considerable community of 
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purpose, there is still the well-known divergence of tasks fa- 

cing research of the floor relief in the sector of hydrogi-aphic 

and in tho sector of oca»nographic v-ork. In the former case the 

floor relief interests researchers from the viewpoint of its 

relatively narrow navigational characteristics, while in the 

latter cace it is from the viewpoint of more wide' and complete 

char-etc;ristics, as the background of all natural phenomena cc- 

currrin', in the ocean, as a mirror of the geological structure 

and history of the development of regions 'of the earth's crust, 

which are hidden by the waters of the seas'and oceans. In this 

connection, problems of method of studying the underwater re- 

lief by means of echo sounders had already been worked out in 

the light of the purposes of oceano{rrai-.hic research /8o, 95, 

2^9, 2S3, 2&5/. 

The rain theses of i'.he met .ons of researching the underwater 

relief, dovoloped in recent years, point to the need of a ratio- 

nal selection of a t.pe of echo sounder, and of a method of ita 

operation commensurate to the depth3 and nature of the floor 

surface, "ij-.is method of operation ensures accumulation of the 

itost detailed and accurate data which would subsequently ma e it 

possible to produce a definitely complete picture, under present- 

ly existing technical possibilities, of the floor surface of the 

seas and oceens. Methods are also proposed to process the collec- 

ted material in such a manner as to present it in a sufficiently 
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clear way, so that it would be most suitable for oceanographic 

and geologittal interpretation /329, **&/• 

Some problem» of methods of operating echo sounder» are 

equally interesting to hydrography as well aa oceanography» 

these are the problems of correcting depth findings by correc- 

tion for the speed of sound in water and for the effect the 

bottom »lope may have, the problem of the accuracy of depth 

measurements, and the problema of deciphering echograa». In 

Tiew of its complexity, special interpretation was made of the 

method of calculating the speed of sound in water according to 

hydrologies! observation data at stations /88, 136/, »»<* ol  the 

methods of calculating corrections for the speed of sound bet- 

ween stations /6k,  97, 108 a, 285/. A wide discussion was cau- 

sed by problems connected with the effect of floor slopes on 

the operation of echo sounders which, as is known, produces 

errors in depth measurement and distortions of the floor pro- 

file on echograms; also problems of the principle of deciphe- 

ring echograms /89, 95, 105, 210, 218, 219, 223, 2*f9, 377 to 

38I, ^32/. Much attention was paid to problems of special 

geological deciphering of echograms for the purpose of esti- 

mating the nature of the soil and stratification of bottom se- 

diments /18, 87i 109, 110, 139, 267, 333, 358, 396, *H0/. The 

problema of «ceur»te measurements od depths by echo sounding 

\TB  referred to, in greater or lesser degree, in all the work» 

.39. 
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cited above, some article«, however, were dedicated to these 

problem« exclusively /107, 136, 379, 432/. 

There is much interest in the possible use of echo soun« 

der« not only in the study of the underwater relief, but al«o; 

for wider purpose», for example, in hydrobiological research. 

Studies are made of the po««ible determination of the position 

of fiBhine net« and other fishing equipment in the water by 

mean« of echo sounder« /2Vi and re«earch i« made of the beha- 

vior of marine animal« /272, 382, 444/. Within the past «everal 

years scientist« have paid particular attention to the po«»ibili- 

ty of locating fish by echo sounding, and to the study of the  ,. 

causes of the existence of a «ound-propagatlmj layer in the 

water which wa« also discovered by means of echo Bounding. A , 

large number of works have been published in recent years whose 

authors not only express general idea« on the possibility of lo- 

cating fish with echo sounder», but give reports of experiment« 

in such seeking« and provide practical recommendation« of using 

the new method /I, 2, 2k,  85, 89, 220, 265, 375, 376/. 

The problem of the sound propagating layer produced a vo- 

luminous literature; a majority of the author« perceive it» 

cause in masses of plankton, pelagic fishe«, and, in some case«, 

in a jump of the density of water /20, 14?, 161, 171, 250, 253, 1 

254, 255, 271, 272, 313, 319, 368, 371, 395, 417, 425, 4-27/. 

The problem of fixing the position of a «hip which is mea- 

kO . 
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»aring depth is of the utmost importance in the method0^ in- 

vestigating the underwater relief. For a long time all means of1 

fixing a «hip's"position'»ere limited to the usual navigational 

methods and their accuracy was relatively low, especially öiaibhe 

high «easV far from visible shores". The lack'of any real pöesi- 

hility of detailed area investigations of the underwater relief 

wa.fi a very annoying result. This is explained by the fact that 

a «loser Spacing of the measuring positions with an'insufficient 

tly accurate determination of their location "produced contradi'c- 

tory data on depths and precluded the plotting of detailed charts, 

fearing the postwar period', in connection with the development " 

of »ew radio engineering methods of fixing a ship s position, 

f'.^'i'$?.?.    Vi ':'■."*■>•'<   i*TH" , 'j.t •'-■ ( ••: ■!   ; , :>,, ,-'.--'. t^-j^O'*' ''■' ■ <' "''ic "■"- +■■'• 't £ i -T 
considerable changes affecting this problem have taken place." 

'%'i.* -.;: ■.■■;/.!» )'.'.:< :<.'■ ru* :;S .'T-Iv-v "if. .».^ct'&.KSi'-'ia";''. 'ir;.*'.'"-i'.; iO ^-:>-; ■;i.Vj*y'i'>'i.'n 
The accuracy of determining a ship's position even at a 

g*reat distance from land has become much higher, and finelly 

there existB an opportunity for broad detailed studies of the 

waderwater relief. The latest methods of fixing the position of 

a Älp are described in a number of special articles and in 

general manuals on hydrograp.'.ic operations /6*f, 120, 14», 

1%« 339, ^il/. articles have also appeared describing the 

methods and results of detailed studies of the floor relief 

-'ftufj o-:Ls  x.Lc -■ur.r.-.-io^:,-i','o rv.i.-".'i;.< .>n.-.' in.'J  t s tou .r-i ■■':::-. - i'l. 
of the seas and oceans obtained by means of the latest radio 

technique methods of fixing the position; of a ship /123i 225, 

'<'^:>:;; VfJ 
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Along with echo sounding, which plays the principal part 

in studying the underwater relief, two r.ew engineering methods 
.1.0 ;;>.,..HT.U ....' :* j.'sV.i' -" .».'      . T   . ■  ■ ■    ■ ■ , ■ \. 

are recently rinding; ever wider application in the practice of 

pcennographic operations: underwater p;i..tog(*cjjhy. ?md underwater , 

television. Underwater cameras for photography of the ocean 

floor are automatic devices lowered on. cables and capable of 

taking series of pictures. The de ;isn of underv/ater cameras was 

rapidly improved, and fine results are obtained with them now ( 

eyeii. ajb. great ocean depths /3C, 31, 57, 150« 1.8**, !$'<% 3^3, 366, 

37^» ^31/» Photography of the oc«an floor makes it possible to 

obtain valuable infor.-iatio'n about the smallest shapes of the 

relief which are important in understanding the nature of some 

relief-forming processes, as, for example, the effect of bottom 

currents and of living organisms, as well as in explaining the 

properties of present-day sedimentation, underwater landslides, 

end relic for.r.s of the subaeral relief encountered on the floor        ^ 

/ISO. 320, 3^7. 385/. In this connection, there has lately been 

ft noticeable trend to. conduct studies of the underwater relief 

oy means of echo sounding and by means of a close network of 

•simultaneous underwater ;;)iotof;raphy, which help to get a cor- 
. ■ : i *.:,■;;•;.->J «• ■■ w •.. ■ ,■  ..• ■   * /, .-.■....,= 

rect. interpretation of echograms /31,  193»  227,  307/» 
.t#.r .-. v ",:y:. i ...\;  v.: J.UUM.: .; '. : ,. ■'■'.■ , 

It must be noted that underwater photography is also suc- 
^Sb>>-K   ;;i •.■; ü a dt   ':'.: ■.-<;.••>" ;y L- 2< ■:: ü : 0 -.  •;t. •  ;  ■; • • .•>.-. • *•.- 

sessfully.used in taking pictures of objects in the water disco* 
j(uS   ,7,.-;'   --.Uiia   t:   :n    ,f'-.,üyff   i/i t   ;w~/. * J. ■:   ; •   ni^ni ■'■r.   zi?'. •• ■. .'t?o > 

rered by echo sounding,  but difficult to recognize /271,  372/« 

1. "•"     f 
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Underwater television opens great prospects tö rese>.rc'h ' ""' 

•of saal?. relief shapes of the floor;  its engineering" Käs sue'-' " 

ces.ifally developed in recent ya&re,  but it is thue far aielnly"   '' 

used in solving biological problems /19 a»  8*+,  l£5,  126/'» 

' '    '"'    Th'3 'drcfaniaa'tion of Research' of the'"> i■'- .■.;. ;.-.--;■.■< 

"'     :';';r ~r"'    underwater Relief   -■-■■'   '■■<>   -;*-"^   «:•:'!•;   r:  ^r;---. 

■ '■■' -In  the" postwar "period 'research "of the »floorrelief of .the 

eeas arid oceansi;waiSi bofiiucied &ü & VQry^iiiä&'öcäLle by m^ny coun- 

tries which. haver their1'ownrriavies 'and #hJ:eh We interested ia 

the deve'!Cäpilient;'öf navigatioA'and marine industry; This research 

was rahinly carried but within the :framevorfc of two'principal 

organisational' forme*• "inl th«"' form of  incidental rese;; reii b*y in-" 

dividual large'-aA^'coaplexbceanoffraphic'expeditiofte'.conducting; 

N operations'in'large areas of the seas and bceafae, and in the 

7 form of'organizing7special expeditions Conducting lengthy and    " 

planned studies of" the Minderv.ater relief within 'the' limits of '-■ 

certain seas and'wlt'htnvl'ifeited*'eVcib'rs #T oceans'. l1he first 

includes" car tain'round 'the world "expeditions investigating 

I'rirre "areas of the oceans", • and the second Includes numerous       -* 

*Xuedi'tibJQS'-oh e^'relwtiveiy Wnalier scale'1 repeatedly cohdunt&d 

by differlihV bcWno^ 

purpose of solVingindividual WieHtific-problems, is well as    '• 

. *3. 
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most hydrographic expeditions. Even an incomplete list of the 

various kinds of expeditions in recent years in quite large 

/130/. 

There are essential differences in the nature ol* the ma- 

terial obtained by the different types of expeditions. The big 

complex expeditions are noted for the essentially detecting 

nature of the study of the underwater relief. The need of in- 

vestigating huge areas of the ocean within a relatively short 

period, predetermined, in turn, a comparatively simple itinera-     / ) 

ry and a wider spacing of positions at which incidental measu- 

rements were taken. Materials thus collected, could naturally 

not provide a complete picture of the floor relief of the oceans 

of the world as e w.,ole, nor of any considerable part thereof, 

and only in cases of completing particularly detailed studies 

in a few especially interesting regions (for one reason or ano- 

ther), did they satisfy the requirements of the geomorphologists 

as far as details were concerned. Due to the feet, however, that      j 

all the large ocetnographic expeditions in recent years were 

equipped with the latest devices, considerable number« of ex- 

perts took part in them, -nd they were conducted by advance" 

m-hods, the materials collected by these expeditions were ext- 

r*ordinarily interesting, in spite of the obvious superficiality 

of the investigations. A« a rule, these materials prove to be 

exceptionally important in the detection of the most conspicuous 

4» 
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and com-on features of the floor relief of the world«s oceans, 

in jso^iag a number of problems of marine geomorpholoey, and in   w. 

eU'.-ifylpt: the  »aye by v/nich fcboy can bo «jolved in further and 

not-9 .'«tailed investigations.    On the otr.er hand,  the specis-     . 

Urin.; cxr^Uions concentrated  their effort* o* a "planned rffd   ' 

Prolon*u*d ntirfy of object« limited in rioop«. \«he ^»editions 

ccl.:ie.-^.'C'  materials which  provided auont  complete and detailed 

iden of the floor relief and which made it possible to dre« e 

nunhar of conclusions conc-irning its origin, the history of its 

deveior,..cnt, connections with other natural phanoaena of the sea, 

eoncs-ete  ?.;eo3offical and cce.nol epical eircuaatencso,  as uell aa 

an icrortant bRsia for the ooiubion of a number of .probierte of 

t-.rine ^«tvaorrtholesy, 

T|»c sweep of ocsar-eswap.-.ic r«sft;:?ch tiuriu;; the postwar pe- ' 

riod W6S ?ri*na^3j roflectod in the' -,co«e ana tha lax^t; oceano- 

C #**ll*C **pe<litions,  both round the world as well as tliono li- 

■"'"    ' mitei to too stud/ of individutO   oceans. The  round the world 

Sv»*ish •^edition' en H*V*AIl#t*$*ov l&sW'thrtorftf I?W>.?W»' 

.0Ad during *<* course^onsidersbl« arterial.. Was. ^the^eocunc-ir-' 

W>n^*be floor •reli.if Antthe equatorial ;sv«te^3 -pf,: th«V oc.e*ss.; ..u 

/28V, 705/ 3WV"3iaV #3/' *h* wt>^' ?i«P^^^ *feVÄ;t s»<tff 'the ,J*/ 

iiva.^-.i-jation o.r_the un^c^ter .relief _co_ii«l#tod by tni>; *xr»- ., 

ditÄon«iW/:»s^.nev' ctfe-.?oö-Jb-oon.eesft)s-;of d.n«; qjJi»l>3.«^A*y, .•.ol- «M ,-pqA.n.n 

fv&r'^el&fY ««& "Of'the'vjivarclty ior-ci:;ÄX??'feh^e'a btf «Wtf ■'»»&■- 
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face of the ocean floor. During 1?51 to 1952 two large round 

the world expeditions v.*ere conducted almost at tho same tivie: 

the. Danish oceano&..*aphic expedition on the "Galatea" and the 

British hydrograohic expedition on the "Challenger." The main 

purpose of t.-,e "Galatea" expedition was a complex oceanographic 
♦ ' ■ ' *"■'    "■•■■■■ 

study of deep-sea oceanic trenches • The ££Q&t<i&\.  success of the 

expedition was the detailed st^dy of the relief of »  number of 

deep-fjea trenches: the Philippine, the Marianas, the Bougain- 

ville, the Kermadek, and Tonga ./lMf, 2£0, Mf3/, The hydrogra- 

phic expedition on the "Challenger" made only reconnaisance 

study of the relief incidentally along the itinerary, which 

approximated the itinerary of the first "Challenger" expedition 

of 1872 to lß?4-. At the same time, however, it completed a de- 

tailed study of underwater mountains discovered along this iti- 

nerary. Among the achievements of this expedition, prominent 

place should be given to the measurement of the new maximum 

ocean depth, discovered as a result of detailed studies of the 

* At the present time two terms are sir.iultsneously used in li- 

terature on ocealogy and marine geology which are synonyms: 

deep-sea ocean canyon and deep-sea ocean trench. The second term 

is closer to that accepted in international usage and recommen- 

ded for use by the International Committee on Nomenclature for. 

the shepes of the underwater relief: "trench." In this connec- 

tion, this article uses precisely the second term — deep-sea 

ocean-trench, although in a number of -works in .lUssian one can 

encountar the term deep-sea ocean canyon which means the same« 
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floor relief of the Marianas dean-aea trench /111, 153« 226/, 

The results of the study of underwater mountain« discovered by 

the ■».■■rviev.ition are alao of ;.".ajor interest /22^,' 2>5, ;>a?/. 

The Scripps Cceeno-raphic Institute (ITS.:'.) conducted a num- 

ber o? larj.-e expeditions in the Pacific Ocean. Thus, thie Insti- 

tuted "i>'.id?acificn expedition of 1;;50 was made for thvi purpose 

of at'dyinj the central part of the ■ Pacific Ocean. The results 

of the .vork "of this a-,co.?dition provided new .uat^rl.al for a cor- 

rect concept of the nature of the floor relief of the Pacific 

Oro.-a«-., of the distribution of underwater mountains, and of their 

as.-cciation, in particular, with the i.-iaaeive riae bissetin£ the 

»..■a stern oart of the ocean in a Ü&r.itudinal direction. Tr.e  expe- 

dition i'i«co'.'crod a caries of heretofore unknown underwater ben- 

ches in the eastern jart of tlie ocean, v/hlch are positively of 

' tectonic origin, an;', vhich re;.r?;:--.-nt one of the Aioat interesting 

■;?ecuj..:!;rit ":<■'« of i:'.-.- •■■ t'-ucture of i'w:-   cartr. 's surface /l?o  a/« 

T •' •''J-voricovn1, expedition v:ai.~ oo^ductod in the southern tro- 

j'dc-.O part of ir.e Pacific Ocean in 19',v2 to 1S';>3« Data cmcerninrj 

the floor .relief ox 1-.h'- ocean were gathered by the expedition 

'•1 •"; t\3 entice it Ln •-.•:■*•.ry; in addition, detailed studies >.ere 

ii-.aric- of ■'h- iloor of übe fon^-a decp"-..-.se ocean trench /1'30%  361/. 

.:'.:e ..»-s!.-v..;."extent cf i:he siiaxinurn depth in the Ton^a trench is one 

of the achievements of the expedition /£!£/,' 

?he "Transpacific'1 exocition, conducted in 1953, encoa-' 

. '*?. 
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passed the peripheral rectors of the pacific Ocean. This expe- 

dition investigated the floor relief alon? the entire itiiarary 

snd this provided a co.-ipprison of -».orpholcgical p^ouli -ritiss of 

difi'hrent rsgioiv: of ths 'Pacific Cc.an. The expedition also con- 

ducted fairly detailed investigations in t!ie Japanese sn:l Idzu- 

Donin deep-sea tranches, e»nd investigated part cf tue northern 

extension of the "V//e.iian underwp.ter rid^e /?.!!/, 

."teconne.is^ancf -:ork on t. 1«r-;e ^cale was completed in the 

p.-.icific Cces.n in r?o^nt ysars by the co :.plex Soviet oce--.no;;ra- 

phic exr>f»dition of the Institute of Oceanolo^y Acad Sei Uö-'-.fl on 

the "Vityaz'." Between l'>53 *nd l'>5? this expodiLion operated in 

the northwest-;vn part of the ocean. Studies of the underwater 

re" i-rf were conducted along the entire itinerary of the "Vityaz*" 

and sis de it possible to detect a nunber of important peculiari- 

ties in tne morphology of this part of the Pacific which were 

heretofore unknown /29/. Differences were discovered in the na- 

ture of snail relief shapes which are peculiar to many regions 

of the ocean, and numberous underwater mountains were discove- 

red and investigated. A study was made of the particular corre- 

lationships of deep-sea trenches in the northwestern part of the 

Pacific Ocean.-The Kurille.^-Kamchatka trench has been studied in 

greatest detail, with measurement of a new maximum depth, and 

the northern extension of the Hawaiian underwater ridge which 

was heretofore essentially unknown /7» 98» 100» 101» 10V, 
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Work conducted by the Soviet high-latitude expeditions in 

the Korth slrctic Ocean in the st dy of the underwater relief 

./as of the reconnaissance type. These expeditions were crowned 

v/ith extraordinary success — the discovery of one of the aiost 

iir.porti.nt features of the ocean floor relief -- the Lomonosov 

underwater ridge, unknown to this time /7V« Beconnaissance 

work in the study of the floor relief in the Wort.-: Arctic Ocean 

was also conducted by American high-latitude expeditions, but 

the scope of the American investigations and the results are 

far behind the Soviet /57, 162, 162 a/. 

v/ork was continued during the postwar period by the Bri- 

tish occi?.nor;raphic expedition on the "Discovery,» which had been 

working in tfce Antarctic waters for a number of years before 

World 'iiar  II /I65/, i?he work of the "Discovery"' expedition was 

directed to./ard the study of the most conspicuous features of 

the floor relief of the Antarctic Ocean, v/ork in the study of 

th«< floor relief conducted by the American Antarctic 3* pod it ion 

/172 b/ v?.£ of a similar nature, Soviet :;ork, developed in the 

very latest time in the Antarctic Ocean constitute, on the one 

hand, reconnaissance investigation of the undervmter relief in 

the ifliuense regions of the subontarctic v/aters, and, on the 

ct;\<u* h?nd, a detailed study of the relief of the continental 

slope and of the submerged border of the Antarctic continent 

Al, 59/. 
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The ler/>* oceanoj'rv'hic exy.editicn which are» as v:e have 

noted, of a .rocciir.ais.^rice nature, ro.; resent only- a part c-:' the 

cv^'.r.iiTOd plan acoovcUn;; to -.hieb :>-,vd.ves o::.' the floor relief 

of th= sees -\ni cecans h.v.vc b'K-n conducted duu'in;; the postwar 

period. On a somewhat smaller scale, but >nere system fcicnlly 

and wüqoi'öiji;- to ;clan, studies v/ere oond-.tcted by s:;.c,cir.'.li.7.ed 

tvc. o .it:f.ons of a nu 'der of r.'.-sec.rch institutes, laboratories, 

and hydrographic Services. :ic  -,vil3 .mention only the lat-ßest of 

these, omitting a lar<j;e »u./oer of the stuall expeditions which 

actually O'p-sr.vitad in all purts of the sea, but did not have any 

!' carhed effect on' tha development of .aodarn concepts of the floor 

relief of the seas e.nd oceans. 

Systematic investigations ol the undecrater relief on a 

lar;;e scale view,  conducted in recont years in the USA. Meat in- 

teresting are the activities of five research institutionscon- 

cf.uct.-2d along this line: the Lan'ont Geological Observatory, the 

/oods 'role Oce^nc^raphic Institution, the Scripte Institution 

of Oceanography, the Marine Electronic L borctory of the U.S. 

I'avy, and the U. 3, Coast and Geodetic Survey. .Vork of the j>.- 

.•'.ont ideological Observatory is concentrated on a study of the 
* ,- 

northern a« If of the AtlHntic, Ocean, «nd meinly of its western 

part, adjacent to Uorth .'urerica..Sesearch was directed toward 

a clarification of the existing differences in the charvcter 

of ths small shape relief a.nong the individual morphological 
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regione of the ocean, toward a study of-the morphology of un-\ 

jderwater mountains as reflectors of ultra-distant scattering 

:of sound within the range of a channel, and toward the <ieter- 

mination of the relief-forming role of suspended cun*ents 

/200/. Worte of the Woods Hole Oceanbgraphic Institution en- 

compass detailed investigation of the underwater ralief approx- 

imately in the same regione as the work of the Lamont Observa- 

tory, and explain approximately the same range of problems. 

In this connection it is worthwhile to mention the investiga- 

tions of the relief of the Mid-Atlantic underwater ridge, of 

a number of underwater mountains, canyons and deapoeea plains ' 

.of the North Atlantic /121, 421, ^22/. 

The Scripps Institution of Oceanography investigated the 

floor relief of the Pacific Ocean together with Marine Slectro- 

nic Laboratory of the U.S. Navy. This Institution tonducted the 

"Mid-Pacific ,»• "Capricorn'» and "Trans-Pacific» expeditions Men- 

tioned above. In addition the Scripps Institution and the Ma- 

rine Electronic Laboratory conducted major work of studying 

the floor relief of the eastern part of the Pacific Ocean. 

Worth of attention are their planned investigations of the 

underwater canyons of the continental slope of North America, 

of the underwater relief of the Hawaiian island chain, of the ' 

underwater mountains of the Gulf of Alaska, as well as of the 

'tectonic benches extending along the ocean floor for thousands 
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of kilometers /175 a, 176, 325, 326, 388/. V 

The work of the U. S. Coast and Geodetic Survey In the 

•tudy of the underwater relief it somewhat peculiar by lte 

nature. The purpose of these investigations was to study the 

floor relief in order to obtain its navigational characteris- 

tics. For this reason the work consisted of extremely«detailed 

investigations and was concentrated in certain limited, but 

navigatlonally important regions Mil/. A characteristic fea- 

ture of this work was the extraordinarily accurate determina- 

tion of the position of ships and a dense coverage of the wa- 

terways with measuring positions, thanks to which the materials 

of the Coast and Geodetic Survey began to be highly objective 

in transmitting a picture of the underwater relief. During the 

postwar years the investigations of the Coast and Geodetic 

Survey etteompessed the Gulf of Mexico and the Aleutian tsland 

chain. Charts composed from the materials of these Investiga- 

tions give en extremely detailed idea of the underwater relief. 

Similar work on a somewhat smaller scsle was conducted by the 

U. S. Hydrographie Office; the object of the investigations were 

the areas of the continental shelf along the Atlantic coast 

of the USA. -■>>:■_ 

The Great Britain investigations of the underwater relief 

during the postwar years were conducted, :on the one band, by 

the »Discovery* Committee subsequently trensformed into the 
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National Ocennojrapl;ic Institute, and on the other hand, by 

the Hydrographie Office of the Admiralty. The latter, in par- 

ticular, or^ani ;;.?<?. the "Civilian, or" expedition. 3ritish expe- 

ditions conducted systematic studies of the floor relief in 

the eastern part of the North Atlantic; especially broad ope- 

rations were conducted near the Faroe-Shetland shel*1, near 

the Iceland-Greenland shelf, in the Bay of Biscay, and near 

;he entrance to the En.c-lish Channel /263, 282/. 

) Other foreign countries were much les3 active in a syste- 

aatic study of the underwater relief during the postwar years. 

tjJj Jest Germany conducted expeditions on a relatively small scale, 

l&kins; syoteraatic studies of the North Sea floor. They were or- 

janiaed by the German Hydrographie Institute /138, 39V« I*1 

he v/ork of this Institute much attention is paid to problems 

tf method and to in estigation of small relief shapes which are 

.nteresting both from the practical viewpoint of securing sea 

.:..-!)    'ishing, as well as for theoretical research in connection with 

he problem of the viuaterna-y history of the continental shelf 

f Northern Europe. In France marine geomcrphological work is 

ndertaken by the Laboratory of Marine Geology in cooperation 

ith the Hydrographie Office. This work is mainly done on the 

o:;tinental shelf and partly on the continental slope close to 

he French coast in the Atlantic and in the Mediterranean, as 

ell as close to the shore of French North Africa /127, 128, 
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•    Investigation of the floor relief of the Red Sea was begun 

"by a French oceanojjraphic expedition on the "Calypcc" /l80/. 

After a long interruption, investigation of the floor re- 

lief of the Mediterranean has been resumed by Italian hydro- 

graphers and Yugoslavian oceanologists /235, 333/« Numerous 

Japanese research institutions are conduc'.ins planned studies 

of the underwater relief near the Japanese coast for the pur- 

2>ose of examining the industrial base of the fishing industry. 

Activities have been resumed by the Hydrographie Office of the 

Japanese Navy which has concentrated its attention on a study 

of the floor relief near the shores of Japan /26l, 262, 3^1, 

3^3, ^12/. Within a relatively short time the Japanese oceano- 

jcgists and hydrographers have collected interesting material 

on the relief of the continental sehlf and of the continental 

slope of Japan, and on the underwater relief of the Idzu-Bonin 

island chain* 

In the Soviet Union systematic planned studies of the un- 

derwater relief were carried out by a number of scientific-re- 

search institutions and by the Hydrographie Administration« We 

will note the most important trends of these works. In the seas 

of the Far East investigations of the floor relief have been 

conducted by the Institute of Oceanology Acad Sei USSR since 

19^9» As a result cf this work a detailed study has been made 
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of the floor relief of the western part of the <}ßrir.G Sea, of 

tho Sea o, Ol-.ot*;:, of the re^ior. of tl.c Kurile -iel.nd cnain, 

of bhe Sea of Japan, end of the Kurile-'toucfcfttka ocba-n trench 

/6, i)/.    Much attention is ;-.aid to the study of small relief 

shapes in order to learn present-*.-;/ relioi-f or^in-p process, 

pulao^osra^ie ^construction in connection with tho rtud^ of 

^.olosical :5t.-.-ucture and the history of the development of tho 

Fcr rlaatevn caixa. A serrate chapter ia repreeont^d by '.vorka on 

tho study of the floor relief of so.ne reCl-»ns which are impor- 

tant to industry'and navigation. Tho Institute of Ocean:.loBy 

has al«o berjun a planned study of tlw floor relief of the alack 

*nd'tertian Sea usint;_ the latest nethoda /9V • 

The'scientific-research institutes of the Soviet fiehinG 

indu-try have, for a number of years, been conducting planned 

.,,.,,.:.,..  ot- y.a  fioor rcjiuf of the Asov, Baltic, Barents, Norway 

,,nd .\refnland seac. Kso.cially noteworthy are tfce invosti-atione 

of the floor relief of the Barents Sea by the activity and scope 

of tho «orlc! they arc c endue tod by the ;?olar Institut- of the 

Sea FiuhiTv; Industry anu Oceanography. At the present time the 

Institute ic developing wide operations in the study of the un- 

derwater relief of the sea of Norway and iree.nland /2l/. The 

pacific Ocean Institute of the Sea Tiuhins Industry and Oceano- 

graphy, toother with the Institute of Zoology Acad Sei USSH, has 

conducted studier, of the floor.relief of some region« of the 
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seae in the Far iJast /112/. The floor relief of the northern 

seas of the Soviet Union in being investigated by systematic 

studies conducted by the Arctic Scientific-Research Institute 

of the Main Northern Sea Route /86/. ^uite recenf.y, the In- 

stitute of Oceanology Acad Sei USSR has started a study of the 

floor relief of the Antarctic Ocean.. 

It is clear that the years following the Second World War 

are noteworthy for the ever growing scope of investigations of 

the floor relief of the seas and oceans. The number of large 

complex expeditions is growing, and tho network of systematic 

photographs is getting denser» The scope of the work conside- 

rably exceeds all what had b-»en done in this field in "the course 

of the first decades of this century /129, 130, 339/» Use of new 

investigation techniques has opened new opportunities of the 

study of small shapes of the floor relief of the ocean vrtiich 

had disappeared from the field of vision of the geomorpholi- 

gists, the study of the deepest ocean trenches, and of the com- 

plicated relief of the continental slope. The organization of 

such largo international expeditions as those realized by the 

program of the International Geopiysical Year /66/ serves as a 
> 

prero; uisite for changing the nebulous and dim concepts which have 

prevailed until recently which v/ill be replaced by a clear and 

detailed picture of t.e floor relief of the world's ocean in 

the neör future. 
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j ■-f Basic Results of Regional 

■ • ' / Investigations       „ 

.  /   Ehe Atlantic Ocean, by reason of its g-eo-rapuic position, 

is today one of the most important ob.-jects of oc0ano£rav>hic 

A investigations. In recent years the attention of, 'researchers 

ras principally concentrated on n study of the Worth Atlantic, 

vl-ich is quite natural, if- we consider the location of the oiain 

1Q'.'      Sea lines arid regions of aaritine industries. The North Atlan- 

tic has long attracted the attention of re searchers, thanks to 

which tiie floor relief of this half of the ccean had been stu- 

died in .7«nerF.l outline quite well even before the v;or. The 

»..-v-lication of new techniques and methods, however, made v;ay 

for considerable ricv; cchioveaente also in this cane. 

The basic peculiarities of the finer relief of th;; North 

' Atlantic are described in detail in the vovka  of Tolstoy and 

■i-.;in.Y /h?k/%  .Sr.iery /ICH/, Tolstöy A21/, Heeaen", .Svins and 

i:ricp.on /2*tVi" Svvtn^ an .3 Keeaen '/Ü00/ and Hill A63/. The 

jüost cr. .•.;[■;!'ete batc.y/ietric charts drawn from ric.terir.l of the  i 

l**.t«i?t investigations ore ;2iven in the .wor^s ci" 'CoXstoy /k-2.1/ 

a'.ici. Hill /?XK>/t 

Tha most important feature of the underwater relief of ■ 

the :;crth Atlantic is the existence of a huye etraeture of the 

Iliß-.-tlantic rid^e, oxteaclin;.; f:<\:r.t the scores of Iceland south- 

'.yard cxross "tbo entire Ilorth" Atlantic and then across the 
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southern part of the oeun to within the region of Tristan da 

Cunhc Island. This it a massive mountain structure; its width, 

including tha foothills, ranges fro« 300 to 500 miles (  to 

500 ka), and in tha highest part aquals about 50 nil«» (90 km). 

Tha altituda of tha underwater ridga raaehas 3500 to 4000 ■ 

abova tha floor of tha surrounding basins, Therä ara thraa dis- 

tinct morphological zones of tha ridga: 

1. Tha highaat central sona; it is characterized by nume- 

rous parallel ridgea oriented along the main direction and ri- 

sing to depths less than 1,500 m with their rocks and precipi- 

tous peaks. Located approximately along the axis of thia sone 

is a longitudinal trench which,by Its morphological peculia- 

rities, can be compared with the Eaat African grooved valleys. 

Specimens of recks occurring *n their place of origin were ta- 

ken from the peaks and slopes of the central sone of the Mid- 

Atlantic ridge: fragmsnts of olivine basalt, pieces of lava, 

and volcanic aahes /151, 373/. The origin of the relief of 

this ridge zone is associated with intense tectonic disloca- 

tions and volcanic activity. 

2. The so-called terraced or intermediate zone; it extends 

along both slopes of the Mid-Atlantic ridge at depths from 

2,900 to 4,500 m. This zone is characserized by an extensive 

rolling relief and broad flat plains located at different le- t'- 

vels. The formation of these flat plains or "terraces" is aaao- 
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ciated with a filling of the depressions of the primary tecto- 

nic relief with masses of sedimentation material, deposited from) 

.thi slopes of Z'CI'J  central zone by- turbidity currents /eAi:/, 

3. i'he outer hilly zone; it represents t\u;  foctliills of 

!:he rid;..-e. It erctends on brth sides of the riuge and separates 

the int.-Tr^eci-te ::ono ?ro..\ the floor of the adjacent Ivoins. 

Than :s to the existence of the i:ic.-.-.tl:aitic vi-^s  and Uio 

peculiarities of the cor "i .uration of the cc:itin«ntr.l sieves, 

several basins ere clearly casting .-isii&ble in the North Atlan- 

tic; the Newfoundland, tlie North .'..aorican, the Korth Canaries 

f| (Uorth African), and the horfch-ibr-tern. The floor of these ba- 

sins consists of viJe plains located at doptas of the or^er of 

.?,.':'.'.;i'' to ;7>,-!•<>-) w. 'l:e ynrv.'aee of the plains is nearly horizon- 

tal in the central parts • n.-  slightly sloping at the ed£es. 

fl'US, in the central sectors '-he dee i~soa plains hrva surface 

inclinec of n:. r.iore than 1 : 1,000, while J.oa;-; ■ thr.- S'-'^es -ho 

incline-'.: ■•ro'l-: 200»   Invoßsipttion.-:: of the -deep-eea plains in 

Ik* ha«ins of the Korth ;-.tl^ntic have disclosed, on the whole, 

an unusual flatness of their surface, .vhich is in sharp cont- 

2*0st to- the complex separation-of the continental slopes t-nd 

■      the. slopes of the Jild-ifclontic rid^e- /2ü3/ h?.l/,  nlonv,  with 

thin-,, individual underwater valleys were discovered" on the 

surface of tha deep-sea plain's,-both in the slightly sloping 

outt-r regions-,, as Vrell as: in-trr» nearly: hori/.outal central 
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Tee   origin  of   the   is" -ir'iSu-.   nlain.?.  wnd  of  tu-   valleys v;i th- 

in  th;;ir li:. ivs wa.s or': -..aivied,   it.:;  t'.:*   outcouc  of  :.■•;• r.oi.v.Ti.  '.;■'/?;••['.i- 

,jr.ticitn,  by t>,-•  activity cf   tur.ii-.it/ curroct'.:,  a vcnvorful  fac- 

tor in  the   br.-.nsfor of  fr-.-.;, .;cnt^I  ■;v;.tur:U\l,   ..ctivc  . t  '-'ll 

deaths  f-r.d fillip t-s'Je: regions  of  tho  vr.iCizz-r tor relief 

\.ith j:üdi::.&mt:.tiivu /'slö/•  '•«•'no  urv/or.^ter vr.i.xys on  ';hc   ocr-Tn 

floor  M"?  ccr.widoroo   to Ve  channels  i:i •";...ch   the  ;■;•;.. ciy;?.l  .•U-..EC 

of  th.j   current  .IOV.S,  .--nd i.hicn  io  cvo.'-bl«*   of  erodiny tae  ?o- ^ 

rous  ced:l !?nt<; tirn strata.  ,'. Major psrt. in  thn  WvJdy  of  the 

■jaohs'.nisu .mi of   car, rslief-foriivijv activity of tho   tur'.:itiity 

currants V.T.S ••;.!■•:yoc. by  invest iyatir.ns conducted in connection 

'..it.h  the under-'t-:r op.rt.h.'Mxcdcep  of  1; 29  in the  region o::'  the 

continental  sloye neer the  .v..-\-.nd £>>.n.:r>.  'J?..is earth^u^ke  •pro- 

duced ?. larTC  underv/ ter slide,   and  subsequently a r.o".">rful 

turbidity current v.'hich.  severed submarine  tols.ro."-h cr.bles 

and  displaced the a hundreds of kilometers alcn;  the  oc<?p.n "J 

floor /l<r', lyü,  2^2, Zkb/. 

1-Tur.ierous underwater mountains h'.v . been -:;iecovared in  the 

North ..tlantic  /2«1G,   511/.  For v.'ue  i.iost part   -;hey balon;; to 

the Mid-ntlantic  rid^e.  I'<?rt of  the   uncerv/ater  .;icu-t.t;ins is 

also asccciited  .dth the  vast rise  of  ^he  Bermuda Islands. 

In addition,  so.:te isolated mouats-.ins have been discovered 

within  the ran've  of basins in tin  ilorth Atlantic. The peaks 
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of many underwater mountains rise to depths lees than 1,500 m. 

Some underwater mountains are flat-topped and indications of 

terraces on their elopes. In places the mountains form groups-, 

for example, a chain of mountains extends from Cope Cod to the 

Bermuda Islcnds and then to the Mid-Atlantic ridge. A similar 

chain..of mou.rtains also stretches from the Azores to the re- 

gion of Gibraltar. Detailed studies of some underwater moun- 

■ tains of the Worth Atlantic indicate their volcanic origin, 

and the ttae of their formation is associated with chalk /2*f5 

„a, 3^6, .353, ^W. 
The deep-sea plains in the basins of the North Atlantic 

extend, as has been noted, at depths of the order of 5,200 to 

3,';CC ra. The maximum depths in this half of the ocean belong 

to the deep-sea trenches of Puerto Rico and Romanehe. Detailed 

studies of the reliaf of the deep-sea trench of Puerto Rico 

have made it possible to determine that this trench is about 

750 km Ions, with very twisted slopes and a flat smooth bot- 

tom at a depth of.the order of 7,900 m. The width of this flat 

bottom tanä-es tfrom 10 to 20 km /19S 3^5, 355/. * wide massive 

bank separ&tes the Puerto Rico trench from the floor of the 

plain of the North American basin located to the north. Bhere 

.is a number of underwater /.icunt.ains within the limits of the 

trench v/hich divide the floor of the trench into two separate 

plains: ,the northern, at a depth of about 7,900 m, and the 
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southern, it a depth of about '7,400 a. 'She orifin of the flat 

bottom of tlve trench i-3 exo't.ined by an intensive ace;.-.»illation 

o/ sediinent, carried to ••jr^t c\s;.''o:« by turbidity currents. 

The nroble« of tne ^axi.i-.i.i .-teeth of the :.h ertc ;<ico trench' 

is coij'-ilicnteü by i:lie circumstance that there are contradictory 

data concercias it. Detailed investi v.tions of the trsneh con- 

-''.•ir.:tud b" the Ih-ront Giol---,icel Observatory discovered a i'i-::i- 

.;;ur, :'3'rb>: of h,.3f.l n /lv>, .^if'/» v/:iile on the ba.'ds of soue 

other operations in this trench; the indicated dorthu are 9,21S 

?ni  9,lx.-- m /jy!2, ^05/. The reverts of Northrop, Swing and Keezen 

r-pert to us to ba .-ore probable, «ince they are V^ed on detoi- 

le-'i investigations of the relief of the -■".-erto :ico tro-ich. 

Investigations of iho deeiwc-.i ^onanche trench carrier: 

out by tha !i.\lb^troas'' expedition '.-»ere less del—iled than tiie 

..•-.erican :;nve.<;ti;-,..■ tions ;f the Ihvtrto :;ico trsneh. The :',ia;ciim.c, 

dav-th of the : Ionian ehe trench is ?,72f: ^ccoroin;: to nr.-.' d--.tr-• 

..n i.,.-.o taut result of the ihve-jti^ution of this trench is 

the   finding b'.yi; its bottom if j--st an flat as of the et:.er 

dee-n-ssa'trenchers. The botto,-. ;.;>lain of the i?o:nanche trench is 

located at deaths of th-; or 'er of 7,200 to 7,^00 n /2«:V« 

In general, the depression of the North "Atlantic is boun- 
r 

ded by th-i rise of tJie continents in the east and west. The re- 

lief of" the continental' ohclf end  of th--? coiitinental sloj.se was 

studied-in :i'»uch rre ter do teil in recent ye. rs that th* relief 
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j öf the open spacoe o.: the Atlantic Ocean. A  new feature re- 

'ssii.ting from these investigation is the correct concept.of the 

■ jrelief of the continental slope as a complex relief of the ,inter- 

flss-Iiate aone. It was found that there exiet^ within the • liwits 

.®f the continental slopes of the North Atlantic, along with re- 

ifcaSlvely si;aple twisting benches, also'great sectors of an open 

inclined and even horizontal bottom, rises and basins /c6j, k22/, 

tte&erwater valleys have been found everywhere within the limits 

©f the continental slope» 

Exceptionally detailed investigations of the relief of the 

continental shelf and of the continental elope were conducted 

San  the Caribbean Sea /337, 3^5i  ^5/ and in the Gulf of Mexi- 

co /123/. Very detailed bathymetric charts have been plotted on 

tfeB basis of these operations for the continental slope and for 

«he shelf of the Gulf of Mexico /229/. The problems of an asso- 

ciation of the underwater relief with tectonics were basic in 

the investigations /15^, 155, 2?4, 400, 433, ^iV, but along 

wdLMi this, studies were also made of the Quaternary history of 

fthe region and of the processes of contemporary development of 

tft» relief /I9B, £13, 390/. 

Detailed investigations of the underwater relief wer; also 

«SKsaducted on the continental shelf of the east coast of the 

USA /lo7/. These works are particularly interesting with res- 

f»st to possible paleogeographic reconstructions of conditions 

. ■ ..... ,,... *  -63. ■ '■ 
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of the Quaternary period, since there was here discovered a'"• 

well-preserved relic subaerial glacial and erosion relief /333/» 

The investigations of underv;ater canyons close to' the coast of 

the USA, berun fefore the v;ar, were fürt er developed in re- 

cent years in connection with the problem of studying the tur- 

bidity currents /3':V» 

The attention of •.•oso£-ro;icrs in the sore noeth^rl, regions 

of the :.tl*ntic \/as drawn to an ur.dor-..ater riv.r;e extending bot- 

--een Great Britain and Greenland. This rioVe consists of several 

banks v;hich have a considerable effect on the peculiarities of 

the -.»ater exchange between tiie h'orth Atlantic -.nd the North rc- 

f.ic Ccean: the Thomson biak, the F*iroc-Shetland, the tfc-rn3-Ice- 

land : no. the Icel.-nd-3reenland. The configuration of thse banks 

has considerably been clarified as a result of the latest rer.s- 

f-rch, and this in turn, ;.i .j-.ac it ;:>o:?.'iible i;o ;;ake th': nature of 

tho v.vitor crch n,;e .tiore precise /'l6'?, ^-1^/. Tue iOonti ■?is '».ticn 

of the up'oer surfaces of tho banks, to which rieb fiel.in;; re; Ions 

are attached, has ...litde it possible to e':uip the- sea fish in';: iu- 

du.itry i;itJ' .detailed bath.\r:n-jtric olwrts /?-'•/. 
y 

Detailed invent .'...ations of the nneisrv.'ater relief of the con- 

tinentcl slhilf ana of the continental slooe v:ere conducted close 

to the British coar.t /26'J>/.  us a result, studies wer.1 uade of 

the underwater valleys of the continental slope, of the £enei*al 

configuration of the continental slope which has an extremely 

. Sk. 



.complicated outline, detailed clarification' has bean na de of 

• the floor relief of th-2 jn^lish Channel which is ir.-.por^.pnt for 

an ur.doretcn'lirs«- of the jeolo^icdl -isitor;'' of north'/eatem 

Uurdpe /2.oV, 2C2. . 

Tr.p study of the floor relrUrf of tiics :'orth «ni .'Celtic .7c-a 

'.'evej'o^d in the direction of detecting si-i.ll relief shapes 

',/hich are of ^reat interest to paleo^roo^ra/v.ic reccatrwetion; 

)     /3^1| 3.?>i   •'••■06, -'i-10/, '"'articnl.Arl.7 interesting v/ero t'<.D /.orks 

v:hich aade it possible to detect on the bottom, of these soas 

trac*3 of ..uaternary clacitr.tion in th" shape of ter:irial ao- 

rainee /'r'.^hy  5$6y  .;57/» Detailed bathy-.utric oh rts drawn on 

j the basis cf.-tlr.« Ihtest data are of ^reat practical i..-:->ortf\nce 

. to the fishing industries-in tlifts; seas /IS'?/, 

j Studies of th;:- continental shelf and oi' th-* continental 

, slope off the covjts of Finance and Gpain were conducted on a 

j    , ,^      relative!.,• smaller scsle, but <.?V3r. here the r-.. suits of recent 

j' investigations provided detailed information concerning under- 

j water valleys diving the continental slope /l?-7, 12c/. 

I The latest investigations of the Mediterranean floor 

i which was quite inadequately studied earlier, have changed 

j the concept,of soae quite significant peculiarities of its 

j underwater relief and of its depths /235, 3&5/'•    The detailed 

study of the continental shelf and of the continental slope 
j 

j in the southern part of the Mediterranean simultaneously opens 
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greater possibilities to a careful comparison of the underwater 

relief with the tectonic of the land /l^l, 273» 302, 369/. 

The results of a study of tha relief of the continental 

shelf and of the continental slope of the Atlantic coast of 

North Africa provide interesting material on the Quaternary his- 

tory of the Senegal delta ,A23, *+2V. 

The floor relief of the South Atlantic was not studied in 

such detail in recent years as the underwater relief of the 

Korth Atlantic» Information broadening earlier concepts of the 

underv/ater relief of this half of the ocean v/as obtained aütaxg 

along the itineraries of reconnaissance expeditions. Thus, for 

exanmle, interesting data were obtained on the existence of the 

same kind of deep-sea plains on the bottom of basins in the South 

Atlantic, as had been discovered in the Korth Atlantic /200/, 

A study was made of the relief of the southern part of the Hid— 

Atlantic ridj;e and it was observed that the surface of the floor 

within its liuits is highly complex in structure /285A However, 

the material collected in recent years on the floor relief of 

the South Atlantic was apparently insufficient for drawing new 

bathyietric charts. 

The Pacific Ocean represents the greatest water expanse of 
r 

the earth, exceeding all the otuer oceans in area. It is under- 

standable that notwithstanding the broad scope of the investiga- 

tions of recent years, the Pacific Oc .an -was not studied in such 
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jde tails during these years as the Atlantic Ocean, and the North 

j  {Atlantic in particular. In recent years the study of the floor 

■ M.     Aw ■:.«'- ■■<:■''     :■■■■;■■   ■■•■..-. i  . ,■ -        ■.  . •"'  '  •.       ■. ■ .      •• 

relief of the Pacific Ocean was mostly in the nature of reconaais- 
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sance work, and theystudiee assumed the character of systematic 

research only in coc^aratively limited regions. The peculiari- 

ties of the geographic location of different parts of the ocean 

predetermined''the considerable disparity of investigations. Work 

on th» largest scale was conducted in the northern part of the 

Pacific Ocean, and in addition in its outskirts« which is exp- 

leined by the distribution of the main sea lanes and regions 

of sea fisning. 
*r y f)V 

;0 

The basic features of ths floor relief of tbu* Pacific Oc«;an 

* *'"aVe determined by" the presence "of a system of largo mountain 

rises, 'dividing the ocean fioor into a aeries of large basins: 

> ;:;.!"•; ?.*&? Vjnf'i   v"t': '■-■;. "'-r'-.J:   L v:':"•:--%■.■••/ '.;   ?*"' .-•■'" 
the Northeastern, the Northwestern, the Central, ate. The nurae- 

rous mount.5in ranges are attached to the zone of the continental 

t'.-f! : biPAT^K ^XC',vV!-H-n'"-{  ;%: .^«K ,yooh ,.•■■:">"', ^.;;iv.i'. ,..7    ... .:J 

ch«lves of the Pacific Ocean, and separate a nvunber of outlying 

sess fro.;i it's :iain e>:p?-nse: the Soring .^ea, the Sea of Okhotsk, 
> 

Japan, etc. The latest-investigations have introduced corrections 
or.i"V-'( hyfl 'j-sT-fJ' ^h ••iT« ru".-.;'" T'I^D^'V on* ''; 7' r. .;.?•';: ".,::77 \7 '■'-. 

into the earlier concepts of the basic features of the ocean re- 

lief, since precise measurements ;ere mane of the true dimensions 

and configuration of mountain structures and of the basins which 
vi ..x>\ 'fstc »:d»5" P.'jt' \;.uTi'' fc f'■'/"■'?,.• >+!ievr;,.i: 3*i!>-v ;;;wn:.i 'i~ er.05 ;;;   ■■:"■>'■■ -i . :Q-"  ;." 

they sepfTcte. However, the results of recent investigations had 

^ even greater effect on ths poncerits of the small and medium 
'" ' ..  , ';■_. i> ':t:s'» 77;;   ■■, :""-'7.-.-i77''" 7:-.7-7,.    ■ 77';'7 
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relief shapes of the Pacific Ocean floor. Discoveries were made 

of underwater Mountains, a complex division of the ocean floor 

surface, underwater hills and valleys and benches: all this ra- 

dically changes the earlier concepts about huge plains of the 

ocean floor, undisturbed by any wrinkles. The results of the la- 

test imvestigations uncover a true picture of the multiplicity 

of the underwater relief in the Pacific Ocean and provide an 

approach to the solution of the problems of the origin of this 

ocean floor and of its geological history. 

A number of works have already been published recently which 

provide the first summaries of the investigations of the Pacific 

Ocean floor in the past several years /l66, 172 b, khl/.  However, 

a majority of the survey works is confined to an analysis only 

of individual parts of this greatest ocean: the western, south- 

western, northwestern and northeastern /29, 174, 257, 259, 323, 

323 a, 3^8, 3^9, 357/« Bathymetric survey charts from material of 

the latest investigations are cited, in particular, in the works 

of L. A. Zenkevich, Diet7j, Hess, Hess and Maxwell, Menard and 

Dietz /29, 177, 257, 259, 326/. 

. As has already been mentioned, the most important features 

of the floor relief of the Pacific Ocean are determined by the 

sxistehce of underwater mountain massifs which separate the 

Dcean into several principal basins. The dimensions and confi- 

jurations of some of them were investigated only in recent yearp 
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»idgesin taaoatatra*part j©ftthe ©c,eaa,.,*«$»»Pt?:&*%*$f.tf1S 

: north, «ritt rtlte ■ wajf to (*• region. of the?#o^ders£i Jslands _, 

/?, 991 17^v2H/.q;Cpn8eattentlyt >lad Hawaiian underwater ridge 

:BhÄuld* now bft>tJP#€*rd»d.as,an,iaportant^n*: ^a J»£.«ountain 

»yst^f oraadsM *$ together ajth,^ *?«?*»* 4^'^S?"0** 

*idge^t JuMMbfee Southeast Pacific ^8e,Jh^..c^6Balv attain 

systea .extettdSv^oughou^ the whole Sac^fic Ocea* approximately 

,i* thavaeridiftnaludjl^action .and it* sise^ can. be compared with 

the Mid^^ax^ej^^emd-Indl^iri.dg^,,. ^Jijt.;AV ., , ,,„.;<, 

r-^oSt ahonM^ftM.noted^iat ^0diacoyery • of, the northern 

pa*t:«f'/,Äa^fa4^ a fl^1!^ °f 

,the »orfehe^PArt,,of„the,defB of, the ^oific^c^an^n^o two aa- 

parateCasino,«fthf northwestern «nd..the0nor|^ea^tern.s,,> ^..,. 

Mr. u^taatd,A»»*#ti$at£pne of,Jhe0underwate£ Hawaiian.ridge 

expose a number; of«, peculiarities^ in. its at rueture which differen- 

tiate it.froa^therria^-Afclant^c ridaa. ^e underwater,Hawaiian 

ridge is in its entirety acwide^upt to. SOOm^lee*  i.e.,, 1,100 

• ka);and aasa*ye^se, Abp^l^pP^,? high, whfcjj■ ,cottl<l;be called 

fj * banJc»vanc^*loag, »hoe* anticline jjar^.'we; #nd .$• mountain chain. 

r'dtat tJ^aps^pi^fc ithese :^£ains ^e^pat^d. s^ c^se t^ether 

r.,tha* ^ßi^^H»^^^^s4^^^m, W^«^*^ 8
?
oa* flac*8 

^he^-Bec.*or^f e^GttaoHifetgPj^ «Ifcft a?^^i?r0^it# 

:i^lat^d;Jcj^e*td,«ith 
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graphio' composition of the pebbles from the tops Of this sector 

of the mounted, ns is similar to that of the volcanic rocks of 

Kamchatka and the Kurillea /301/. This can possibly be explained 

by the similarity of the petrographlc composition of the origi- 

nal rocks of the ridge to the rocks of Kamchatka and the Kuril- 

les, but it is no less probable that the pebbles of this compo- 

sition were carried here by ice floats in the glacial period. 

A characteristic feature o* the anticline rise of the Hawaiian 

ridge is its junction, along a considerable length, with a slo- 

ping depression which extends along the eastern slope. 

The Mid-Pacific bank which was investigated in recent years 

possesses characteristics similar to those of the anticline rise; 

it extends from the region of Keeker I-land (Hawaiian Islands) 

to the region of Iwo Jima (volcano)* The width of this bank also 

reaches 600 miles (1,100 km). Numerous underwater hills are 

located on this bank, but they do not form joined massifs as 

those of the Hawaiian ridge. Many mountains have flat tops at 

depths of the order of 1,300 to 1,600 m. 

The wide anticline rises (banks) of the Pacific Ocean floor 

relief proved to be an interesting feature; they are located at 

the edges of the ocean bottom along the deep-sea ocean tvenches 

/101, lb*«-, ,17V« The Zenkevich rise, extending along the Kuril- 

res-Kamchatka trench, can serve as an example of such a bank. 

Vast elevations, located at the bed corners at the junctions of 

some banks and ridges are the characteristic relief shape of 
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of the Pacific Ocean /99 t 392/» 

la addition to the underwater mountains of the Hawaiian 

ridge and of the Mid-Pacific hank, a multitude of isolated noun- 

tains has heen discovered in the Pacific Ocean in recent years} 

actually they are scattered all over the ocean floor /57, 175 a, 

256, 322, 325, 338, 397/* While it is true that vary «any under- 

water Mountains tend to be located on the surface of banks, or 

for« part of the system of nountain ridges, between the banks 

and aountain ridges of the Pacific Ocean, on the bottom of the 

basins, the number of mountains is extremely large. These moun- 

tains represent just about the most characteristic feature in 

$he appearance of the underwater relief of the Pacific Ocean« 

As regards the most thoroughly investigated underwater moun- 

tains, for example, the mountains of the Gulf of Alaska /325/ 

or of the Mid-Pacific bank /17& a/, they have round contours 

in the plane, twisting slopes (angle of incline up to 10 and 

20°), sharp or flat and smooth tops located at depths of the 

order of 1,300 to 1,700 m. Specimens of rocks occuring in their 

place of origin taken from the tops of underwater mountains in 

the northern regions of the ocean consist of fragments of vol- 

canic lava (divine basalt), and in the southern tropical and 

equatorial regions they consist not only of lava fragments, but 

also fragments of well-cemented fauna of coral reefs of the Cre- 

taceoue age /176 a/. It is a remarkable fact that in sediments 

covering the slopes of underwater mountains of the Pacific 
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ocean, foraainifera of the Cretecetus.period were discovered 

/239/. 

A comparison of the underwater mountains of the Pacific 

Ocean with the existing coral islands — atolls ~ shows signs 

of considerable similarity between thea /17*t, 1?8, 192, 256/« 

It is assumed that the underwater mountains are volcanoes whioh 

were formed in tne Cretaceous period. In a number of eases the 

tops of the volcanoes originally rose above the surface of the 

water, but were subsequently cut by the action of wave abrasion 

and served as foundations for coral structures« The submersion 

of flat mountain tops to their present depth is explained either by 

regional), tectonic cave-ins of the Means Cxoe», or by local cave- 

ins of the earth*s crust under the weight of mountains /176 a, 

325/« There is evidence in favor of the latter assumption in the 

very peculiar circular ditches surrounding the foot of some of 

the mountains. The circumstance that many underwater mountains 

completely lack coral reefs, can be regarded as an indication 

that in their development they lacked a stage at whioh the top 

of the mountain rose above the water« In those oases where the 

old 
mountain top is covered with*>oral reef, the submersion of the 

mountain without compensation by reef growth should be regarded 

as an indication of the speed of submersion, or of an unfavo» 

rable change of ecological conditions, since the results of 

drillings on existing atolls also show a deep submersion of 

the volcanic foundation and compensation of this submersion 
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- Fora long time the bottom of the basins in the Pacific       \ 

Ocean consisted of ideal plains» However, investigations of 

recent years have disclosed an extreme variation of the relief 

of small and medium shapes» Considerable areas of the ocean, 

floor have a complicated hilly relief» while a flat, bottom is 

found-only in the depressed floor and occupies a relatively small 

area« Thus, for example, along the itinerary of .the'American 

"Mid-Pacific" Sxpedition, the floor was a flat plain only 

along 37$ of the route, while $3% of the route showed a sur- 

face of the floor with complicated disjunction/l?6 a/, The 

Soviet investigations of the northwesternpart of the Pacific 

Ocean made it possible to deteroine that vast rises and eleva- 

tions, even if they are relatively low, as well as considerable 

areas of the floor between them, are not perfectly flat, but 

have complicated disjunctions, and are covered with hills and 

bisected with deep valleys. In the most depressed part between 

the Hawaiian ridge and the Zenfcevich rise the ocean floor was 

found to be flat, but within the limits,of the plain,. a narrow 

area was discovered haying an extremely complicated relief, 

representing* a combination of mountains and trenches /3h9/.* 

In our opinion the »one of such a complicated relief is the 

result of intense tectonic dislocations. It extends for hund-    *' 

reds of kilometers and represents a characteristic peculiarity 

of the floor relief of the northwestern^part of the ocean* 

■aas k 



It la a fact meriting our closest attention that on the 

floor of the Pacific Ocean, at an immense distance from the 

coast of land, there are simultaneously existing regions of 

oomplicated disjunction and perfectly smooth surface of the 

floor» This evidence refutes the earlier concept of an even 

covering of sediment smoothing out the original relief of the 

ocean floor or in some manner preserving its original uneven- 

ness due to an even covering. This is evidence of intensive 

processes of erosion and washout of the sediment cover taking 

place in the ocean deeps, of the displacement of masses of se- 

dimentation material along the floor, and of the preeminent 

evening of the floor depressions on account of local sedimen- 

tation. It warn noted before that the discovery of perfectly 

smooth deep-sea plains in the Atlantic Ocean caused a search 

for a special explanation of this smoothness. Under conditions 

existing in the Atlantic, the most likely cause of the even 

floor of basins should be sought in the turbidity currents 

which carry masses of sediment material from the region of the 

continental slope and thus fill the depressions in the floor. 

Under conditions of the Pacific Ocean, turbidity currents 

could play* an essential role in smoothing the relief only in 

the eastern part of the ocean, where the zone of the continen- 

tal slope abuts directly on the ocean floor /32J a/. In the 

remaining parts of the ocean, where the »one of the oontinen- 

tal elope is separated from the ocean floor by deep-sea ocean 
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trenches which appear to be pitfalls for turbidity currents, 

the-role of the latter in smoothing the floor surface seems 

to be doubtful. It should therefore be assumed that the re- 

lief-*orming role of som« ether exogenie processes, for exam- 

pie Of bottoa current« or internal dialoeationa of aediaeat 

iittor ahoüld bo auoh greater than it «aa earlier aaauaed. 

Investigation of aaall relief shapes widely distributed 

an the surface of the Pacific ocean floor shows that among 

the« there ia a prevalence of hills with ieoaetrie outlinea. 

The immense depths at which these hills have beea discovered, 

*xcllttd#» ** *h* opinion of a majority of authors, the possibi- 

lity of their subaeral erosive origin. It is difficult to ex- 

plain the origin of the hills as due to bottom eurreata or 

any other exogenie processes under conditions existing on the 

'ocoan floor. A tectonic or volcanic origin of these hills 

seems to be the moot probable /99, 176 a, 284, 285/. 

A study of the laws governing the spatial distribution of 

äaall and medium shapes of the Pacific Ocean floor relief, made 

it possible to observe the following important features of the 

©o»«n floor relief. It was found that some sectors of the comp- 

lies ted relief stack up into a system of several linear soaes, 

whicharesailed shear nones. The character of the irregularitieo 
.■■■ ' *"' 

of th« floor in the shear «one« is quits warded* it possesses 

ft«Jp%id high, benches »underwater mountains and hills, deep 

^i^^ästM'^iäHitMMm»  Thus, for example,Mono of the shear «ones 
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in the •astern part of the ocean, «ailed tke MendoeinO;some,  ^ 

is characterised by a high (in some places up to 2,500 m) bench \ 

of great steepness (in places up to 30°), extending in a latitu- 

idinal direction for almost 2,500 km /321, 323 a, 326/. Other 

sones are noted for tkeir narrow trenches and ohaine, as, for 

example, the shear «one discovered in the northwestern part of  . 

the ocean /3*9/ and the so-called Murray shear «one in the 

eastern part of the ocean. The combination of deep trenches and 

little chains of underwater mountains distinguishes the Clarion 

and Clippertsn shear «ones /323 a/. All shear «ones are noted 

for their immense length. The shear system of the eastern part 

■of the ocean also shows a remarkable parallelism of the sepa- 

rate «ones and their extension of the continental boundaries 

' ef Worth America« 

To sum up what has been said above on the results of the 

latest investigations of the Pacific Ocean floor relief, three 

special features can be noted. First of all, it is a prevalence 

of shapes of tectonic and volcanic origin in the rslief. The 

Pacific Ocean floor should apparently be regarded as a region 

of the greatest display of volcanoes anywhere on the earth. 

Further, t*e ocean floor relief shows signs of some regulari- 

ties on a planetary scale which determine the direction and 
r 

distribution of immense mountain structures, and the location 

i of underwater volcanoes and shear «ones. Finally, the develop- 

ment of deep-sea plains, along with the complicated floor«relief 
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provides evidence ©f the variety of surface relief-forming pro« 

ceases in tho ocean. 

fj The individual sectors of the outskirts of the Pacific are 

very varied in their morphological properties« The relatively 

simple relief of the continental slope, similar in many details 

to the relief of the continental slopes of the Atlantic Ocean, is 

only applicable to the eastern part of the Pacific» Its western 

part, on the contrary, possesses an extremely complicated relief 

\     of the outskirts, representing an intermediate sons, and within 

its limits there are developed large mountain massifs combined 

with deep-sea ocean trenches on the one hand, and basins of the 

I] outlying seas, differing from the ocean, on the other hand« 

Soviet oceanologists have conducted major operations pf 

studying the underwater relief in the outlying seas of £ast 

A»ia during the course of a number of recent years /29/« As a 

result of numerous expeditions of the Institute of Oceanology 

Acad Sei USSR on the expedition ship "Vityas"' detailed bathy- 

metric charts have been plotted showing the complicated relief 

of the intermediate zone« A study baa been made of the relio re- 

lief of the. submerged continental eoast, providing evidence of 

considerable*local submersions which accompanied the develop- 

ment of the intermediate sone /JJ8, 96« 103/« Numerous, hereto- 

fore-unknown underwater' rises and ridgea have been discovered 

and investigated within the sons of the continental slope. For 

example, a large underwater ridge has been discovered in the 
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dering Sea. It is interesting that it is located exactly 

extension of the underwater Hawaiian ridge of the Pacific Ocean. 

It ie possible that the ridge discovered in the Bering Sea is 

only the very northernmost end of the Hawaiian ridge, involved 

in the development of the intermediate aone and now separated 

from the Hawaiian ridge by the system of the Aleutian Island 

chain and by deep-sea trenches. The expedition on the »lVityaB,M 

discovered an outer underwater ridge of the Kwrilles Island 

chain, and underwater ridges within the limits of the Kamchatka 

continental slope /6/. 

The underv.ater valleys of the Kamchatka continental slope 

were subjected to detailed investigations; their shapes are on 

the same scale as the wisely known underwater canyons of the 

California coast of the USA. A large number of heretofore un- 

known underwater volcanoes was discovered within the region of 

the Kurilles chain, which substantially complement the above- 

water system of volcanoes. Certain features of regularity can 

be discerned in the location of above-water volcanoes which 

could not have been noticed before without the data on the lo- 

cation of underwater volcanoes /8, 10#A Flat deepeea plains 

have been discovered on the bottom of the basins of outlying 

seas, separated from the ocean by the mountains of island 

chains. They represent, of course, the surface of sedimenta- 

tion, accumulating in these natural cesspools. The peculiari- 

ties of their morphology are in many respects similar to the 
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floor relief outlines of the North Atlantic basins, and it is 

quite probable that the formation of these plains proceeds in 

an analogous manner under the action of turbidity currants. 

The expedition on th,3 "Vityaz"' paid particular attention 

to a study of a belt of deep-sea trenches associated with moun- 

tain structures of the intermediate zone. As a result of these 

investigations, the heretofore unknown true dimensions and con- 

figuration of the Kurilles-Kamchatka deep-sea trench were estab- 

lished. The morphological interrelationship between the Kurilles- 

Kamchatka trench and'its neighboring Aleutian and tfapan trench 

has been clarified, as well as between the Japan trench and the 

ll Idzu-Bonin trenoh to the south and the northern end of the Ma- 

rianas trench. It was found that the Kurilles-Kamchatka trench 

is extremely long — about 2,000 km. It joins the neighboring 

trenches ---the Aleutian and the Japan, forming together with" 

them a huge ditch which extends along the western edge of the 

Pacific Ocean from the coast of Alaska to the Marianas Islands. 

The maximum depth of the Kurilles-Kamchatka trench is 10,542 m, 

i.e., it is close to the maximum depths of ihe Marianas, Philip- 

pine, Idzu-Bonin and other deep-sea trenches of the Pacific 

Ocean /98, 100, 10^, 106/. It is possible that this similarity 

indicates some common rules of development governing the tren- 

chea. The Kurilles-Kamchatka trench has a characteristic V-shaped 

profile, and the steepness of its slopes reaches 10 to 15°, In 

the deepest part of the trench there Is a narrow area of a flat 
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smooth bottoa — the width of this area is between 5 and 20 

miles (i.e., fro« 9 to 35 ha). This profile shape and the flat 

bottom are a common feature of all deep-sea trenches. The fl« 

bottom of the trenches probably relates to the surface of the 

accumulating sedimentation. It is quite probable that the even- 

ness of the trench bottom is associated with landslides and tur- 

bidity currents. 

The expedition on the "Vityaz"' also investigated the relief 

of the western part of the Aleutian trench. In the region of the 

Komandorski Islands its depth reaches 7»000 a. The trench has 

very steep slopes: in places almost vertical benches were obser- 

ved, 2,000 to 3,000 a high. Its bottom is also flat. The passage 

froa the Aleutian to the Kurillea-Kamchatka trenoh does not show 

any perceptible threshold. The junction of the deeps represents 

a wide and even area, rising somewhat above the neighboring sec- 

tors, appearing as a widening of the flat bottom. The boundary 

between the Kurillea-Kamchatka and Japan trench is a little dif- 

ferent | here w« observe a relatively narrow and complicated 

forked threshold, above which the depth reaches 6,700 m, i.e., 

much more than above the abutting areas of the ocean floor, so 

that the region of great depths is not interrupted in the trench. 

Morphologically, however, the threshold at the junction of the 

two trenches is quite clearly noticeable. The relief of the 

Japan deep-sea trench is similar to the relief of the Kurillee- 

Kfeiachatka trench: the same profile shape, approximately the saas 
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steepaess of slopes, aad a flat smooth bottom« 

...v.A study'was iidi of the «yet«« of deep-sea trenohes extend- 

ing soahward fro» Honshu Island along the Ids«, Bonia and Iwo 

Jiaa islands. Eearlier it was assuaed that they all constitute  j 

a single «ait vita tits Japan trench« Their course, however, quite I 

sharply differs froa the course of the Japaa trench, whiehVlies 

eastward fron Honshu lalaad. They also diffor froa tho Japan 

treneh quits amrksdly by the nature of their relief, just as they 

do froa the Kurllles-Saaohathattrench« The steepness of their 

slopes near the islands of Idsuv Benin and Iwo Jima is not quite 

is great as in tho Japan and larillcs-Kaaehatka treneh, bat the 

relief of the slope surfsees is aash «ore complicated« Tho hot- 

ton of these trenches, although erea, yet it is not quite smooth, 

and constitutes a series of separate cells» In the future it would 

be acre expedient not to oireulate the term Japan treneh to in- 

clude the trenches ndar the Islands of Idsu, Bonin and Iwo Jiaa, 

since these trenches appear to us as independent formations, asso- 

ciated with the mountain structures of these islands* In addition, 

it seems to be incorrect to use the name Bonin with referenoe to 

the treneh lying eastward of Iwa JJjea, aad separated by a high 

threshold from the treneh which lies east of the Bonin islands« 

Since the trench near the Bonin islands is morphologically olo- 

eely associated with the trench near the Idsu islands, it is 

more correct to regard both as a single treneh and to call it 

the Idsu-Bonin treneh. The trench near Iwo Jiaa might be eeap- , 

**T\ 
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lately independent, and then It could be called the Iwo Jima 

trench, but ae yet the problem has not been clarified cöncerö 

ning its association with or separation from the northern end 
0 

of the Marianas trench. Perhaps it should be regarded as the 

northern end of the latter trench /9/» 

If we assume this division of the deep-sea trenches in the 

western part of the Pacific Ocean, the maximum depths will be 

as follows« the Japan trench — 8,412 m (according to the data 

of Japanese Chart No. 6901 /Vfh/)%  the Idzu-Bonin trench - 

• 9»8lO m (according to data of the "Vityas1"' expedition). 

The depth above the threshold separating the Idzu-Bonin trench 

from the Iwo Jima trench is 3,760 mi 

The relief of the intermediate zone in the western out- 

skirts of the Pacific Ocean was recently investigated by Ja- 

panese researchers /3^1, 342, 412/. Their main attention was 

centered on the relief of the coastal shelf and of the upper 

sector of the slopes of the mountain structure of the Japanese 

Islands 7317/. Thus, detailed investigations of the shelf and 

of the upper .slopes were oonducted close to the coast of the 

island of Hokkaido| the results are shown on detailed bathy- 

metric charts and in articles /99» 277, 286, 415/. Detailed ' 

studies were made of the underwater valleys on the slopes of 

the islands of Honshu and Shikoku /240, 341, 342V; Japanese 

investigations also embraced the region of the Idzu islands; 
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special attention was foeussed on a study of the floor relief 

in the region of the Bayonnaise rocks where, in 1952« during an 

eruption of an underwater volcanoe, the Japanese research ship 

"Kayo Maru"5~h was lost/266, 330/. 

^Investigations of the relief of deep-sea trenohes at the  - 

western outskirts of the Pacific Ocean were recently conducted 

by a number of large oceanographic expeditions* Thus, for exam- 

ple, the expedition on the "Galatea" otf&ducted detailed investi- 

gations of the Philippine trench« discovering the characteristic 

outline of its relief, peculiar nearly to all deep-sea trenohest 

a V-shaped cross profile« steep slopes, and flat smooth bottom 

/lkkt  280, M»3/. As a result of the study, of the Philippine 

trenhh bottom, a conclusion was reached as to its maximum depthf 

according to the data of "Oalatea" it is 10,265 m, which is a 

little less than the depths of this trench indicated before 

/260/. 

'vj The investigation of the relief of the Japan and Isu-Bonin 

trench was carried out by the American "Trans-Pacific" expedi- 

tion /210/, This expedition noted the essential differences in 

the course of the Japan trench and the Isu-Bonin trench« aeasu- 

red the. great depths in the latter, and found that the bottom 

was flat and smooth« The British expedition on the "Challenger" 

studied the relief of the Marianas trench /153« 226/* The 

work of this expedition contributed to the discovery in the 

- '..*.,■■ • 
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iMarianas trench, of a new maximum depth of the oceans of the 

world ~ 10,863 m. 

The relief of the Tonga trench was studied in great detail 

by the "Trans-Pacific" expedition; a fairly detailed bathymet- _ 

ric chart of this trench has been drawn /36lA It should he 

noted' that the "Trans-Pacific" expedition measured the greatest 

depth of the Southern Hemisphere in the Tonga trench — 10,633 

m • The characteristics of its relief indieate that the Tonga 

trench is quite similar to the other deep-sea trenches of the 

western outskirts of the Pacific Ocean. 

In recent years investigations were developing of the un- 

derwater relief in the southernmost outlying sector of the ocean, 

near New Zealand /137» 1^2, 248/. Information on the floor re- 

lief of tliis region is still quite scanty, but one of the first 

bathymetric charts has already been drawn on its basis /143A 

The relatively shallow regions are most accessible to study, 

it is therefore understandable that the investigations of the 

floor relief in the New Zealand region were at first mainly 

concentrated on the explanation of the morphology of the con- 

tinental shelf and of the upper part of the continental slope* 

Particular attention was drawn to problems of the association 

* 11, 034 a according to datum 25 of the "YityftV* voyage. 

** 10,882 m according "to'dactam 26 of the "Vityas»" voyage. 
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... of rthe.vunderwater relief with land etruetur«« .|md, with SOM large 

glacial valleys jflA5,2lJft 215, 216, 217/, Studies of small re- 

lief forms wort carried out by Äew Zealand scientists in connec- 

tion with the problem of the poseible existence of lend in the 

location of. Cook Strait during, the Quaternary period /f*l8/« "*• 

published Material on the floor relief in the neighborhood of lew 

Zealand served as a basis of a concept of the origin of under- 

water canyons recently expressed by Cotton /160/» 

'' ■ )    - «.  The regions of the Pacific Ocean abutting on the Antarctic 

have been studied by Tarious antarctic expeditions, in the order 

of routine reconnaissance investigations /l66^ 172a, 233/»,,;..,, 

> The northeastern part of the Pacific Ocean, abutting on the 

' shores of Central and North America was investigated in great de- 

tail. ^Expeditions of, ^he Scripps Oceanographic^Institute and of 

the Marine Electronics laboratory of,the USS*yy conducted eyate- 

•,      matic studies of the underwater relief of the continental slope 

"■ -.)     and of some regions of. the ocean abutting on the continental 

slope. She rise of the Galapagos Islands was subjected to detai- 

led investigation» it is located in the eastern part of the Pa- 

.iciflc Ocean at the intersection of the underwater Carnegie and 

Cocos ridges /392/j in this regard it bears a familiar resemb- 

lance to the Obruchevv rise.''**?»,. H1!* f£ *^*northwestern part 

of,, ,the,' oejan /?^/% Hydjpgraphin, work .made, it j^P88*!»*6 *° 1°3
>t*in 

detailed characteristics of the relief of the Guatemala deep-sea 

ocean trench, whoae maximum depth equals 6,662 m. This is one of 
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the least deep trenches in the oceans, but at the ease time it 

possesses*the same relief featurea as the Other deep-sea trench- 

es of the Pacific Ocean: a V-shaped profile, an elongated con- 

tour, steep slopes, a flat and smooth bottom, and a wide bank 

at the edge of the ocean floor, 

The cbhtinenal slope was studied in particular details at 

the shore' of California, i.e., directly neighboring on the 

Scripps Oceanographic Institute which is located in La Jolla. 

The main object of the investigations were the underwater can- 

yons of the continental slope and components of the relief which 

made it possible to determinedtheir association with the con- 

tinental structure. The extent of work of studying the floor 

relief of the California coast, conducted up to date, is quite 

voluminous Al9/. The scope of studies of the underwater ean- 

ybhs in this pari of the ocean is probably the beat, and th» 

presentations of the California marine geologists concerning 

these problems /16V 385, 388' 309/ exert a considerable influ- 

ence on the development of ideas of scientists in some other 

cbwntries A60, MK>/. The'investigations of the deepest parts 

Of the submarine canyons had the greatest effect on the deve- 

lopment "of ideas of their origin. xt was found that the subma- 

rine canyon's ciose "to ihe California coast extend to the very 

foot of the' continental slope and partially continue on the 

ocean flboüfV and Vhe endings of canyons have peculiar deposit 

f features"/177A *» addition to tW submarine canyons, the most 
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interesting features of the underwater relief off the California 

coast are numerous underwater ridges, rises and basins whose 

distribution indicates a close association with the structure 

of land. Thanks to these ridges, rises and basiri3f the continen- 

tal slope in this area does not represent a steep bench, just as 

it does not represent axs?elp bench, judging from the data of the 

latest investigations, in other parts of the oceans, either. The 

invest!rations of t.äs part of t.-.e Pacific Ocean have played a 

leading part in the development of ideas of the continental slope 

as an intermediate zone possessing a complex relief /190, 193« 

30?/. 

The continental shelf off the California c0s6t has been stu- 

died in considerable detail /192/. The data concerning its re- 

lief have made 4t possible to draw a number of important conclu- 

sions on the features of sedimentation within the ranrje of the 

shelf, and on the association of the underwater relief with the 

tectonics of land. 

Of great ihtereet are the results of investigations conduc- 

ted in recent years by the U.S. Coast and Geodetic Surrey in'the _ 

region of the Aleutian Island chain and the Aleutian deep-sea 

trench /22&,' 231, 331, 332/. Detailed large-scale bathymetrio 

charts have been drawn from the material of these undertakings 

which show the extremely complex of varied relief of the under- 

water slopes of the mountain structure of the Aleutain rigge and 

trench. These charts are of particular interest in an analysis 
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of the association of the submarine relief with land tectonics, 

and particularly of the association of underwater valleys with 

break lines. The activities of American investigators in she 

northern part.of the Pacific Ocean also embraced the  Bering Sea 

/306/, where they obtained new data on the relic subaerial re- 

lief of the continental shelf /175/. 

Investigations of the floor relief of the Indian Ocean were 

conducted on a relatively limited scale in the post-war period 

/209/. They consisted mainly of routine observations conducted 

by the round-the-world expeditions on the "Albatross ,H "Gala- 

thea" and "Challenger11 /226, 280, 285/. The materials of these 

expeditions indicate a considerable complexity of the floor re- . 

lief of the Indian Ocean, witnin whose limits we find vast sub- 

marine rises, individual isolated mountains, rolling plains and 

plains with a flat and extremely smooth surface. A number of 

submarine ridges for&s a huge mountain system extending across 

the entire ocean approximately in the meridional direction« This 

mountain system resembles the Mid-Atlantic ridge in many res- 

pects. In particular, the slopes of the ridges indicate areas 

of flat plains located in depressions of the floor, resembling 

the 'terraces" of the Mid-Atlantic ridge. 

Materials of the investigations of the Indian Ocean floor 
r 

relief remain mostly unpublished and have not been stressed on 

bathymetric charts. It is therefore difficult at present to 

speak of the appearance of concrete features of the floor r«- 
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lief of this ocean in.the light of the latest data. We can only 

speak of some of the most interesting peculiarities of the re- 

lief discovered in recent years« Thus, of great interest are 

the deep-sea plains discovered in the Indian Ocean, which are 

like the above-described plains of the Atlantic and Pacific Ocean 

Among,these, the plain southwest of Ceylon* and another in the 

central part of the ocean are the largest in size« An interesting 

feature of one of the ihep-sea plains abutting on the Bay of 

Bengal, are submarine valleys which are very similar to the 

submarine canyons in the deep-sea plains of the Atlantic Ocean« 

Since the origin of these canyons in the Atlantic Ocean is as- 

I sociated with the activity of turbidity currents« it can be 

assumed that they are of similar origian also In the Indian 

Ocean /17V• However, in the opinion of soap authors, the more 

probably hypothesis is the one on the tectonic origin of subma- 

rine valleys on the surface of the Indian Ocean floor /284t 285/« 

A wide distribution of underwater mountains has been found 

in the Indian Ocean which have not been studied in such detail 

as the mountains in the Atlantic and Pacific Ocean, but accor- 

ding to available data most of them can be listed as underwater 

volcanoes, underwater mountains are particularly numerous in the 

eastern part of the ocean. A detailed study of some would rather 

indicate their tectonic than volcanic origin /23>8t 350, ^38/. 

Detailed investigations were only conducted in limited 

regions of the Indian Ocean. Among these are the activities of 
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the French expedition on the "Calypso" in the *ed Sea in 1951 

and 1952 which made it possible to determine the tectonic origin 

of the principal relief features of the floor of this sea which 

represent a huge fault basin /336/. Investigations of the floor 

relief in the northernmost part of the ocean are being Conducted 

on a «ore limited scale /299, 315/. These studies hare apparen- 

tly reached their largest scope in recent years close to the 

shores of Australia. The basic problems which interest the Aus- 

tralian scientists are problems of the association of the under- 

water relief with land tectonics /152, 208, 209/. 

In the North Arctic Ocean the development of oceanographio 

investigations in the post-war period proceeded on the basis of 

wide utilization of aviation. Numerous air expeditions and a 

number of drifting stations investigated the floor relief. It 

must be admitted that until very recently the basic method of 

studying the underwater relief by arctic expeditions was the 

cable measurement of depth, anJ this method was replaced by the 

sonic method only since 1956. For this reason the relief of the 

North Arctic Ocean was not investigated in such detail as that 

of the other oceans where echo sounding is used for this pur- 

pose. However« the discoveries made in the North Arctic Ocean 

essentially change the former concepts of the relief of its 
r 

fiour, which had nit been studied to a great extent. The data 

obtained are extremely important for an understanding of some 

laws governing the floor structure of the oceans. 
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.:... i> *göv$et-ht^-lÄtitude expeditions of the Arctic fleieatili« 

Uv  Research InÄtitut« of the Main Northern See, jLanes have made a 

particularly large contribution to the study of the North Arc- 

tic" Ocean floor relief, Such expeditions are conducted since 

1946, by setting up drifting stations Which make systematic in- 

vestigat'ions of the underwater relief along the drift route. 

Tue most important achievement of these expeditions was the dis- 

covery end investigation of a huge mountain ridge extending all 

)      across^ the North Arctic Ocean /7V which was named the M. V. 

LömohöSov'Hdge, In connection with the.discovery of the Lomo- 

nosov fridge; tpere has been a considerable change of the concept 

of the*" tectonics of the North Arctic Ocean /80, 86/, The disco- 

veries made by the Soviet expeditions in the Arctic found many 

' response"*'in foreign publications /156, 408, 409, 413/.. 

•''--•''■•''•-'•'""investigation's conducted by flying American expeditions in 

the North Arctic Ocean did not yield such important results as 

;v;^       the Soviet expeditions, but they provide an essential supplement 

?to the concept of the floor relief of tnis ocean in a sector 

abutting on the American North. Of particular interest is the 

information about the submarine canyons of »the Noith Arctic Sea 

obtained'by means of echo soundings made from drifting stations 

'"'■ "Vi56vfll62r 162a, 163,306, 447/. The work of Rex /364/ is dedi- 

cated to the-problem-« of exogenous processes of the development 

->,-:i.vs.:Qf !ike*'submarine' relief under Arctic conditions, and «speically 

■ •bf-the-^Vtfivity' of floating ice. -Vi}   «d<*;^  ;i-jvu • 
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Investigations of the floor relief in the Antarctic Ocean 

in recent years were conducted on a widest scale by the British 

expedition on the -Discovery /l65/. This expedition investiga- 

ted different regione of the Antarctic year after year and its 

materials provide a lot of information for an idea of the under- 

water relief of this ocean /2W. I» addition to the »Discovery» 

the floor relief in the Antarctic was studied by American expe- 

ditions A72, *30/, and by a French Antarctic expedition /362/. 

In 1956 a Soviet Antarctic expedition on the »OB»" /4lf 

59/ began a study of the underwater relief in the Antarctic. 

A survey of the history of the investigations of the Antwctic 

underwater relief and descriptions of the large mountain sys- 

tems and basins have been given by Herdman, Wiseman and Ovey 

/252/. A bathymetric survey chart of the Antarctic has been com- 

posed by Kosack /288/. *e also made an analysis and appraisal 

of all sources of original information concerning the depths 

of the Antarctic Ocean /2&?/. An article by Fieming /215/ ia 

completely dedicated to a description of the Antarctic Ocean 

floor relief. More detailed descriptions of the floor relief 

of individual regions of the Antarctic are contained in the 

works of Kucfterov, Fleming and Nares /*H, 216, 335/* 

In the light of the latest investigations the basic fea- 

tures of the Antarctic Ocean floor relief are conspicuous by 

the junction of several^large mountain structures which divide 

the ocean into three large basins. The Atlantic-Antarctic 
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ridge extends in a latitudinal direction from the region of 

Tristan da Cunha islands to the region of the Croset Plateau 

and bounds from the north the Atlantic-Indian Antarctic basin« 

The Kerguelen'-Haussberg submarine range extends from the 'Kergue- 

#] - len islands toward the Antarctic continent and abuts on it in 

the region of Drigal'skiy island. This ridge forms the eastern 

boundary of the Atlantic-Indian Antarctic basin« The Indian- 

Antarctic ridge extends from the region lying south of Austra- 

lia toward the Ballest islands and bounds on the north and east 

the East-Indian Antarctic basin« Finally« the Pacific-Antarctic 

basin is bounded in the vest and north by the Pacific-Antarctic 

}§f submarine ridge, and in the east by the Southeast Pacific sub- 
Mac Quarie 

marine plateau« Ihe submarine ridge      -Balleni, extending 

from the southern end of New Zealand toward the Antarctic con- 

tinent ih the region of the Balleni islands represents a large 

relief shape of the Antarctic Ocean floor« The only deep-aea 

trends of the Antarctic Ocean — the South Sandwich — is con- 

nected with the huge island arc of the Scott  range which sup- 

ports the groups of islands of South Georgia and South Sandwich 

and which abuts on the Antarctic continent in the region of 

Graham Land, The maximum depth of the South Sandwich Trench is 

8,264 a /252/« 
r 

The surface structure of the continental shelf of the An- 

tarctic continent is very complicated} it bears traces of gla- 

cial Talleys and ravines, it is covered with numerous hills and 
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gions of glacial covering. In some places, the submarine border » 

of the Antarctic continent in submerged to a great depth. 

Ending this survey of regional investigations we must note 

that they have been only slightly reflected in the large publi- 

shed, monographs on problems of marine geology and geomorphology 

A9» 35i Mi  llß» 170, 289, 35V. Tne next several years will 

probably witness the publication of new works which will take 

„into account all the wealth of material of the latest investi- 

gations. The latest data are sooner illustrated in charts and 

in atlases /3, 3*. 68a, 130, 33**, *W. 

■The development of concepts of the submarine relief calls 

for the development of terminology and nomenclature which would 

correspond to the new.data. Thus, for example, in connection with 

preparatory work on the "Marine Atlas» a special manual '»Marine 

Navigational and Geographic Terminology» /68/ was compiled in the 

USSR. Much work in this direction is being done by a special In- 

ternational Committee within the International Geophysical and 

Geodetic Union /252, 269, **0t Hi, M»2/. The problem of a gene- 

tic classification of the underwater relief /8l/ should now be 

r placed on aj new level. 

■*;■ fv 

- 9A — 

\ 

->) 



■KS 

m 

IS 

«XcC $r.""' ,~:r ..^Q-tq _-*£..ii   '..<•. . /oi,' ;.:.'<.,$ *;'•)./■* »i^Siii v*,.;-/;;*.'t;''--',;r, oa-f-.i^ 

Fundamental Problems of Marine 

Qeomorphology 
::':- M^v'■■.'•'"'-;-?-* .' ;-.»*.;■*? U-,*;  ■■■■:•..--, ;«.;-v;u-. ■■■•-:. V. ;.T ;:/■ ,*v. -.;..—,- - 

;C. rs jEnthe course .^^region^l-, investigations,,special at|en- 

^Iflonwasjpaidrlo üroblems of $he greatest general^significance 

to the development of marine geomorphology as a science of the 

■ shape and origin of the underwater relief. A number of works 
^Ä>.r..;j .-.. ■ r.-;"'ÄC ?*„. "/: ^iV:-;- ; 1*   ■.-,,* <*'nr: 5.■.-.7.3:4 :>U « i.x- ^vr:. ■'■■ * 

of a general nature and separate survey articles have been de- 
■••'•• :- '■''■'•■   •■■'' t\$\  ■::rU--.;-\;..';    ; : i.U^5 '■-1v.   ~C:1V.  i:' ;*;tr« •■- V-v ..t•.■.-;.

r:^ 

■'■'■<.•.■•T^     dicated to these problems and published in recent years /19, 

35, 43, 78, 79« 118, 289, *39/. 
■-.- --; '- "Y^Y-.q «-/..j *, *Ya-;, j.i-..:f.--.v  Y? •:.:, ^l^nc^rY.'!? <;,», -^ Y 

The list of the most interesting, general problems of marine 

geomorphology is quite large*. It includes problems of the origin 

'"';""-of such large*relief'shapes as'the ocean0 trenches ant of'"large 

shapes which de^veiöped'agalnSV'their""background, as'well as" the 

* huge* variety5' 0**small/ shapes1'' which were formed on5 the surface- of 

the largest and largest shapes, the opinions oh the process of 

contemporary relief formation and on the dynamics of the under- 

,^    water relief- axe of matfor, interest .Problem* of the history of 

therelief are also: extremely interesting^ since they reflect the 

%£**-.B*a£M ^.^•^•yf^<WMI^.*fi?:th%.M.M.3«nd oceans, and parti- 

CU^H1X ?l.<8MtQ&Q-lfcx*Gr?,;W♦ «*th-x an explanat^Lpn of the effect 

-l^^f^f? $'^1}?-Aty?n*:,0?.v$&$<-„oce5a l*vel;0Ä,.tll»i.dfTelppB»n* 

-s^B?e^°Lthf^B^f ^ifP^lfn^: P^bleme,>o^mar^£geomorphploÄrl 

part of the science of the earth — is the problem of the «rigin 

•?t,5 ■' 



of the continents and oceans. Methods of marine geomorphology 

might contribute much to the solution of this problem. The fol- 

lowing problems fall within marine geomorphology: the causes of 

the formation of continental rises and ocean trenches, the di- 

rection of the growth process of these largest relief shapes of 

the earth*s surface, their age and structural relationship, which 

determine the nature of the large relief shapes. 

New data on the structure and strength of the earth's crust, 

obtained by gravimetric and seismic research /37t 61» 133» 13*S 

135, 202, 232, 237, 258, 359,'M** ^29, H6/, are most important 

for an understanding of the present state of the problem of the 

causes which produced the continents and oceans. In the light of 

new data we cannot imagine the origin of the continents and oceans 

otherwise than as a result of radical and profound differences 

in the strength and structure of sections of the earth's crust. 

Continental rises correspond to regions of the earth»s crust 

with a thick granite-sedimentary cover averaging 35 *»• Ocean 

trenches occur over regions of the crust without a granite co- 

ver, but with a relatively thin basalt cover, averaging 5 *■» 

overlaid with a stratum of unconsolidated sediment about 1 km 

thick. Thus, the problem of the origin of the continents and 

oceans can be reduced to the problem of the origin of the gra- 

nite (sial) layer of the earth's crust which, according to a 

majority of investigators, was formed as a result of a diffe- 

rentiation of the earth's plutonic substance. This viewpoint 
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'"follows from'the >reseht concept'' of''the structure';W *:iätu»■ -'•«^i*Öi'fa 

oruit?\ad'~&''» dateYminant of the unifdrV opinion Wgardiftg^t 

causes of the origin of continents and oceans expressed by a"*Ä- 

jorit'y of authors in recent years/ll,  l2y 13," 1^, 151" 115♦116, 

aoATaaJj^S,""^,"^/.-*-' ': *'•■■' {^«".-~' ^-^ ** -•■•■?■*«** 
<ia   '^Another important question"in* the preiie'm^of" fhVofigin of 

continents and oceans concerns the 'direction in which the "deve- 

lopment of'the granite layer ""of 'the ' e&rtlS's crust proceeds. "*; 

Among the Tvariety of oilnions Expressed on this "'subject, there 

are two basic groups'witfi'two vl^w|o£nfli Mcording to one, the 

* "development of the:'s£ai'"cover" corresponds'toathe"general direc- 

tion of ihe1 earth's'deviiopaent; oanifesteä^inHEe 'generally—' 

■irreversible decrease^of the "Eria^öl^syhöllhaijregions, and ; 'i 

in the accretion of platforms' fJXTf • ?Here' the formation of the 

granite layer and of the doitinehtai^rises'"'is 'presented 'as a•'■"' 
 ,,,     g«o    _: 

"summary result of the appearance &nd development of synclinal 

syst^mS,'migratioh"of foldings and volcanism,'and of a gradual 

transformation of geosynciiMl regions'into tectonic platfbra&M 

/4o/; This viewpoint^ with"certain"varittionsV3^s maintained by 

a number of'authors /17, 'o2,: oj^fev'258,?2?8^.;This viewpoint 

'Is*opposed by '::the0concept which"states* thai there"*is no straight 

'^direction ln:'the forma tibn'of^ the^'granite'layers'and that thej 

existence3ofHhV"contents"'an¥' oceans" dbesaho¥'lepend;'W':th$'i - 

presence of' geösynciinals and tlaifiT^^t^wärlli^Ai'ii'^V 

^^^1%^ 79^;lccordin-gc^o*'t£e^iatter viewpolntl^Ur^Äis a^.:..:; 
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possibility not. only of a gradual and successive Increase of the 

,,granite layer» but also of a reverse process of disintegration 

and destruction,of tbis layer in large areas, and consequently» 

the submersion of former continents and the emergence of new 

oceans. It should be noted that a partial disintegration and 

a well-known regression from the general straight direction of 

the growth of the granite layer is admitted even by the adhe- 

rents of the first viewpoint* However, the size of such regres- 

sions, according to their opinion, should be insignificant, and 

should bet encompass large areas of .continents. 

In accordance with the different opinions expressed in con- 

nection with thet direction of the process of formation of the 

granite layer, there are also concepts of the age of the omasa, 

peculiar to each different group of authors« Thus, according to 

the concept of the straight direction of the development of the 

granite layer of .the earth's crust, ocean trenches are old for- 

mations in a major part of their,area, and their surface had 

never been land« The occasional disintegration of the granite 

layer could cause the submersion only of some borders of oceans 

AO, 61, 202, 203/« The problem of the age of ocean trenches is 

.differently solved by the adherents of the concept of the disin- 

tegration of ,they granite layer in large areas of the earth which 

began in the Meso?oic* According to these concepts, all ocean, 

trenches are newMformations /ll, 12, 13, 1^, 15, 79/V 

In addition.to these extreme viewpoints, a concept has been 
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„l1^. ^^ria^ry^eaa^,, PA^uclei q£ oceans|P also, of younger, j 

■.i^ffl8./^».■■7^.t; 
x^t- X1>* U6", ^93» >OVfi.It is .assumed.that the 

d^i^eS^atioa,öt the granite, ^ay«r of $he ^arjth's .'.«rust ,4^ ,:the 

«aus.e..jo£ the formation of secondary oceans..,,,.]„*..   nP|j. . ; - ,.,,,' 

,. .^Jfhe concepts of the tectonics ..of .c.ont^nento.and oceans are 

an .important .result-of a different fplutlon .«.f the problem of 

~^     the. direction pf their development ^JProa ^the position of the ad- 

herents, of the idea ,of . a..straight..direction, of development, the 

'.?..ocean floor should be coneidered. the remainder .of the primary 

earth vcrust»hich was never subjected to. ai»: intense folding and 

,Ä?«»taln,formation /^Qt.i£l/..^.pa ^b^e; viewpoint ~,the structures 

°* ^*.t .continents and oceans .cannot be. the saae^ and cannot .change 

°^*, A^o^h« .other» On the other hand, the concepts of the chan- 

, -ging ..direction of development brings their adherents to the oon- 

./..'.-v     elusion of the unity of the structures of the .continents and • 

.-} 

:3 
• P0.?8!1*3.!. ^f *V diltei

c*.**t®nB-ion'0^ the continental,structures into 

'.^hf..j9.<??a^. aXeas.r- •»$ O'^a development ^on the ocean floor, .of^the 

?*m£ /4nd ?f.,<c0,p¥* ,of fc*c^°,n.io phenomena -as on the continents, 

, *u*c^ely ■*■*;* M**? hypsometric level /11,; 1£, 42, 14, 15, 77, 

78-s 79/f. .,va ,:?.-M :.-o: ...:n ,.voi (0«i. ,c5 (o^V>v ,v-   T,,- ..-;■ 

«-M; ,*>f;',Th.*.tP^O.hlfm of, the tectonics ^ tto A9o^ o^cthe oceans and 

'-^•OS-9A 
ary>eÄftÄ?f:*«1^AÄS- ^oM^« V?P<^ ^.snai«urallyjge.omorpholo- 

^c^f^^^^i, M7*^^^«8. *^0; da*a ^imfAtte^ooaorphology     . 
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iv- undoubtedly play an Important part in its solution» A compari- 

son of the structures of land with those of the ocean floor is 

possible thinks to the peculiarities of the development of the 

underwater relief: the transformation role of exogenous proces- 

ses under conditions of a w. ter medium is not so great as to 

deprive the structures of the bottom of the seas and oceans of 

surface features. An analysis of small "relief shapes makes it 

simultaneously possible to determine the direction in the deve- 

lopment of large shapes, on top of which the small shapes are 

located. All this makes it possible to draw conclusions as to 

the existence or absence of unity between the structure of land 

and of the ocean floor, as to the similarity or difference in 

the direction of their development, and as to the link between 

some land structures and structures concealed under water, 

A number of articles published in recent years is dedica- 

ted to the problem of the role of tectonic movements in the for- 

mation of the relief of the earth1s surface, including the un- 

derwater relief /72, 82, 83, 83a, 114, 115, 116, 132, 133, 159, 

258, 404, 445/, Numerous works are dedicated to'the problem of 

concrete links between the underwater relief of some sections 

of the oceans'with the structures of the abutting land /23, 36, 

38, 39, 69,.70, 80, 86, 90, 101, 103, 104, 108, 119, 1^2, 152, 

181, 182, 209, 215, 228, 231, 257, 260, 275, 336, 369/. The ba- 

sic result !'of a majority "of the above works consist of conclu- 

sions as to the extension of definite land structures into' the 
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limits of the continental shelf and continental slope, and of the 

association of some shapes of the ocean floor with structures 

that are connected with land structures. In recent years works 

also appeared which are dedicated to a tectonic interpretation of 

the submarine relief of large areas of the open ocean that are in 

ltsser degree associated with land in the structural sense and 

which posses tectonic features on a very large, even planetary 

scale /174, 20**, 257, 259♦ 285, 321, 322, 323, 326, 3^9/. There 

} -N    are particularly interesting conclusions regarding the existence 

of linear sones of tectonic breaks in the Pacific Ocean which ex - 

tend over immense distances to the borders Of the North American 

continent /323/# 

Successful development of the concept« of the tectonic re- 

lief of the floor of oceans and seas was determined not so much 

by advances in the field of technique and method of investigation, 

as by the general sweep of work during the postwar years« In order 

to have an idea of the tectonics of the floor of oceans and seas 

it is first of all necessary to have a correct idea of the large 

relief shapes of the floor, which is accomplished on the whole by 

a dense network coverage of aquatoria with measurement stops, i.e., 

by the intensity of work. 

In the development of concepts of the surface relief-forming 

processes, advances in technique and method of investigatiomjp 

played a decisive role; it was the foundation of all achieve- 

ments in this field. Acutally, in order to judge the nature of 
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exogenous relief-forming processes, first of all data are re- 

quired on the small shapes of the underwater relief — they be- 

came accessible on a sufficiently large scale only in recent 

years, thonks to a number of improvements in the design of echo 

sounders and in the method of their operation, which were aefcti- 

oned in the first chapter of this article. 

In addition to works dedicated to certain general problems 

of contemporary exogenous relief formation on the bottom of the 

oceans and seas /103, 108, 200, 2Bkt  386, **01/, studies have al»    ,; 

appeared with reference to individual relief-forming processes. 

Works by the following authors were dedicated to problems of th« 

relief-forming role of ocean swells: King /28l/, Kuenen /295/t 

Manohar /3l6/, Nenard and Boucot /32V, and Dietz and Menard 

/175/# The problem of the relief-forming role of bottom.streams 

which had been very inadequately developed in previous years, 

i:s  now illustrated in numerous articles, based on materials 

of the latest investigations /176a, 206, 270, .5^0, 3^5, 3^7,     / / 

563/. Most of these articles are noteworthy for their insis- 

tence on the important relief-forming role of bottom streams, 

earlier underestimated due to the lack of correct concepts of 

the actual speeds of bottom movements of water /ll6/. 
4 

The -problem of formation of the microrelief as a result 

of the activities of marine animals is examined, in the ar- 
-..'■:. • • •     ■'-;:*■' 

tide by Emery /l89/,and as a result of the movement of ice, 

in the article by Rex '/3&k* 
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r    The problem of the relief-forming role of submarine land- 

slides which had been getting the attention of investigators of 

the ocean floor for a lonf; time, has been developed in recent 

years in the works of Kuenen /29&A Mitchell /328/, Shepard 

/390/, and others. Submarine landslides as a cause of turbidity 

currents, constitute a concept worthy of attention /2*f2, 2^3t 

289, 296/. 

The consequences of a submarine earthquake which took place 

'       in the Grand Banks area in 1929. were the subject of a number of 

investigations. This earthquake produced a submarine landslide 

which was accompanied by breaks in underwater telegraph cables. 

The instants of the breaks which were recorded with considerable 

accuracy, mv.de it possible to determine the deta. Is of the deve- 

lopment of the landslide and its change into a turbidity cur- 

rent, moving over the surface of a nearly horizontal oc.an floor. 

This current possessed such a large power, that it caused breaks 

)        in its turn, end carried them over great distances ii>to open 

areas of the ocaan. The broken cable which were found and the 

nature of marine deposits in the area over which the current had 

spread —.all t^is definitely confirmed earlier acsuwDtions of 
» 

the nature of processes which take place during the movement of 

turbidity currents /17.-5, 19**, 200, 201, 300/. It was definitely 

established tr.at turbidity currents were capable of carrying de- 

posit material of relatively great t dckness over great distan- 

j 
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1 
ces, into the ran-e of deep--;ea parts of' oceans, i'he deposits c 

the turbi.:ity currents arc characterized by a diminiSi'iin-;- .yrair. 

size ?>lon* the vertical, within the limits of tho ]aycr. Turbi.c 

ty currents, at certain stages of tneir development, are cnpubl 

of eroding the surface of sedir.ent layers which had e-rlier bee 

deposited, and then to smooth the unevenness of the Primary re- 

lief, fil;inp- in th-v depressions with crirrie-: material. At the 

present time, chy formation of peculiar valleys .vi.th main-Jtrerun 

benches, deep-sea r-lains and flats on the bottoms of deep-sea 

trenc.-ies, as well 33 sections having a flat surface oi' the i'loo 

on the slopes of underwater mount'an ranges, are associated wit 

■ne activities of turbidity currents /1<K<, 195, lVo, 19?, 2V( ■. 

2<!t>, 2yo, 2\0, 29^, ..93, 297, 2-6, 309, 327, 3^7, ^28./. . 

Ir; connection with the problems of the latest hi.s:.ory of 

toe ,-f;as -ur.<\   rz^r-ns,   friere is much interest in tn- nev/ data on 

the existence, on the bot.ton of the. sea, of a sur.Ken relic co- 

astal and subaeral relief /5b, 5^, 96, 103, 2"^, 333, 35N 337, 

.•'62, ^81, 410/. The cause of the submersion of the relief of 

this type to i;.s present depths co;;ia have been either ecsta- 

tic fluctuations of the level of the ocean, or -Jif ferentiated 

tectonic luoveamnts /32, 5'N 55, 72, 1<J5, 207/. The preservation 

of the relic relief under conditions prevailin/r on the ocean 

floor is considered to be the result of specific circumstances 

of sedimentation in sv.ie  aones /33, 53, 5&\ 96/» 

>  , 
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The problem of fluctuations of the level of the oceans gave 

rise to an extremely voluainous literature« However, the geomor- 

pholo!-:ical side of tnis phenomenon has thus far not been studied 

with sufficient thoroughness. A number of articles nhich were pub- 

_ lished in recent years, refer to the question of the role of eusta- 

tic fluctuations of the level of the ocean in the development of 

the relief /19Ö, 207, 213, 29*+, 318* 361*. 388* 391» 398, 418/. 

There is auite a large number of problems associated with the 

problem of the continental shelf. These problems are divided into 

two fundamental ,<rroups: 1) the origin of the continental shelf as 

a definite geomornnoloffical surface, and 2) the origin of the re- 

lief within the limits of the continental shelf. The origin of the 

continental nhelf, a seorrorpholotfic-l surface of considerable di- 

mensions, is believed to be the result of the sinking of the bor- 

ders of continents, according to a majority of authors /19t 70, 

8l, 1x8, 209/• Alongside this viewpoint, opinions ore also expres- 

sed of the need to separate two different surfaces within the li- 

:nite of the continental shelf as a whole, according to the nature 

of the relief: the coastal, representing a surface of an abrasive- 

accumulating sraootheninir, and the exterior, preserving the charac- 

ter of the subaeral relief of the continent's borders ii? a little- 

chanced «nape /if). IOS, 172, 17-.a, 401, V5V. The format on of 

such a sizable surface of an abrasive-accumulating smoothening 
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as the coastal section of the continental shelf is considered 

to be the result of uhe migration of the zone of wave activity 

■.uring the procer^ o; the ripe of th~> ocean level in the post- 

glacial period. The more deeply sunk part of the continent's 

border was not suoiected to the affect of tuis migration of 

the v-ave zone, and consequently it preserved its original re- 

lief in s lees transformed jhape. 

The configuration of the continental shelf and some pe- 

culiarities of its relief as a whole were co-pared by a num- 

ber of authors with the peculiarities of the tectonics of land. 

.-is a result of tnis comparison, a correspondence between the 

basic features of the relief of the shelf and the structures 

of the land was observed in a number of instances /l^l, 152, 

15'., 155, 192, 302, 307. 369, ^15• ^3V. The c;;ar.-icter of the 

small relief shaues, noticeable within the limits of the sh«lf, 

as well as the origin of its clearly expressed external bor- 

der, is associated with the peculiarities of the abrasive- 

accuuulating smoothening; during the process of the rise in 

the level «i the ocean /172, 175, 337, **00/. The relic subae- 

ral relief of the snelf has been described from material of 

the most recent operations in articles by Bruun /l'O, filliott, 

Myars and Tressler /lb7/, Hurray /333,. Prat je /356, 357, and 

Stocks AlO/. The nature of present-day sedimentation within 

u 
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the limits of the shelf and the effect of this process on the 

the development of th« shelf relief is the subject of articles 

% written by Price /360/, Stetson /399, ^02/, Hütten /370/, and 

Tricart A23. 42V- 

~*      In recent years the problem of the continental slope has 

also been quite logically subdivided into two groups: 1) the ori- 

gin of the continental slope as a whole, treated as the transi- 

J       tional zone between the continent and the ocean; and 2) the 

origin of relief shapes within the limits of this transitional 

«one« There are plans to change from the earlier, undoubtedly 

simplified concepts of the continental slope as a bench separa- 

ting the continent from the ocean bed, to the more correct con- 

cepts based on materials of the latest investigations, i.e., of 

the continental slope as a complex transitional zone. Many author 

bsliene that the relief of the transit ior-.al zone reflects not 

only the hypsometric differences between the surfaces of con- 

tinents and the ocean bed, but also toe essence of the geologi- 

cal structure of the transitional zone from sectors of the conti- 

nental crust to oceanic sectors, which differ both in thickness 

and in structure Ao, 72, 73* 115, 116,. 3^9/. It was found that ' 

the relief of the continental slope is much more complicated 
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than it was earlier assumed« and that instances of a relatively 

simple bench are rather the exception than the rule /172, 200, 

229, 27V» *t has also been proved that the relief of the con- 

tinental slope reflects the nature of the tectonics of the aba- 

ting land and shows a connection with its structure to a greater 

degree than the flattened areas of the continental shelf /103, 

192, 193, 307, 434/. 

A number of works completed in recent years, are dedicated 

to the exogenous processes of the relief development of the con- 

tinental slope. They explain the peculiarities of relief forma- 

tion on the continental slope, which consist of a intensive aeti- 

■:;•»>ävdty'.ofJbottom currents, with an important role played by land- 

sliped and turbidity currents /4, 103, 229, 274, 343, 390, 437/. 

The problem of submarine valleys and canyonssis closely 

associated with the problems of continental shelves and conti- 

nental slopes* A great deal of light was shed on this problem at 

one time in connection with the world-wide discovery of submarine 

valleys and caanyons /16, 44, 45, 46, 4?, 48, 49, 50, 51♦ 52, 53, 

76, ll8, 289/* The cause of this increased interest in problems 

of the origin of submarine valleys and canyons lay in the circum- 

stance that the hypotheses of their erosive origin gave rise to 

the assumption of grandiose fluctuations of the ocean level in 
t 

very recent times, and made it possible to explain a number of 

the most difficult problems of paleogeography in the light of 

these assumptions /52, 53, 384, $88/. Later, however, as a 
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result of store careful, detailed and responsible investigations, 

it was found that the erosive appearance applies only to the 

very topmost parts of submarine valleys and canyons /76, 3^1» 

385/. It became clear that along most of their extent, a majority 

of canyons and valleys do not possess any features of erosive 

valleys; simultaneously much data appeared indicating an asso- 

ciation of the valleys and canyons with the tectonic features of 

the abutting land, which made it possible to detect in them sha- 

pes of tectonic origin A3, 103, K*, 156, 159, 16**, 228, 231/. 

New data on the subject of the relief-forming role of submarine 

landslides and turbidity currents are very important to an un- 

derstanding of the naiure of submarine valleys and canyons71^6, 

173, 177, 195, 201, 323, 3^, 390/. 

Following the amassing of new facts, the concepts of the o- 

rigin of submarine valleys and canyons rapidly changed, becoming 

more complete and complex. The initial interest in the hypothesis 

of the subaeral origin waned, and new views replaced it. The at- 

tempts to provide a universal explanation of all features of the 

morphology of submarine canyons were embodied in the so-called 

Shepard composite hypothesis /389/. According to this hypothesis, 

the origin of submarine canyons is associated with the activity 

of subaeral river erosion and turbidity currents. This hypothe- 

sis does not as yet permit the assumption of a possible existence 

of canyons of different origin in nature, but simultaneously it 

states that different parts of canyons owe their origin to dif- 
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"ferent processes. Dividing submarine canyons into three basic 

parts, Shepard gives the following explanation of their origin. 

The middle or main part of a canyon, the most deeply cut and 

possessing steep rocky slopes, was produced by subaeral river 

erosion in a relatively remote past, when the region of the pre- 

sent continental slope still consisted of an above-water edge 

of the continent, not as yet submerged under the ocean level, 

la its present condition this part of a canyon is saved from 

being buried under marine sediment thanks to the action of sub- 

marine landslides and turbidity currents which remove the sedi- 

ment from the canyon. The upper part of a canyon, bearing marks 

of recent subaeral development was produced as a result of ri- 

ver erosion relatively recently, during the low level of the 

oceans in the Quaternary Ages of glaciation. The lower part of 

a canyon was produced as the result of submarine landslides and 

turbidity currents, and represents either a landslide fault or 

a canal of a turbidity current dug in the porous layer of marine 

sedimentation, forming an alluvial train or fan at the foot of 

the continental slope. 

unlike the Shepard hypothesis, the new Kuenen hypothesis 

/292/ takes into account the possibility of the formation of 
i 

two different types of submarine canyons which differ by their 

morphological features. The first type of canyon which Kuenen 

calls the Corsiean, represents erosive river valleys flooded 

as a result of a considerable sinking of the land. The second 
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type of canyon is produced as a result of the active erosion of 

rocks of the continental slope by turbidity currents. Kuenen 

3 calls this type the New England canyon. According to Kuenen, 

the most typical examples of the two types"of canyon are those 

off the shores of Corsica and close to the snores"of New Eng- 

land (North America), respectively. Kuenen^ however, does not 

mention the possibility of an even greater variety of types of 

canyons and the possible causes of their formation. For this 

.!     reason *e believe that the opinions of Cotton constitute a for- 

ward step: he thinks that it is possible to speak of different 

types of canyons and to assume several possible causes of their 

origin, depending on local conditions and on the history of the 

development of the continental slope /160/. Cotton pays special 

attention to the undoubtedly wide distribution of canyons of 

tectonic origin, similar to the canyons off the shores of New 

Zealand, 

J There is a sufficient amount of data available at this time 

to cease thinking of submarine canyons and valleys as structures 

of a completely identical morphology* On the contrary, judging 

_—--_-,. by factual material, the morphology of submarine canyons and val- 

leys substantially differs, and they possess specific local fea- 

tures in different regions of the oceans. It is therefore natural 

to assume that the causes of the formation of submarine valleys 

and canyons could have been different in different regions, just 

as the geological history of various sectors of continental 
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differs in many regions. Along with this, the most concrete fac- 

tors in the formation of submarine canyons under different con- 

ditions are: tectonic dislocations, subaeral erosion with sub- 

sequent submersion of river valleys both as a result of diffe- 

rentiated tectonic movements, as well as euetatic elevation of 

the ocean level, submarine denudation and erosion by submarine 

landslides and turbidity currents. The fact that submarine val- 

leys and canyons hr.ve preserved a clear morphological appearance 

seems to us to be associated with a more common process to all 

of them: erosion due to bottom streams, landslides and turbidity 

currents, different combinations of all these causes and deve- 

lopment factors, which depend on local conditions and on the 

geological history of each specific region, produced this va- 

riety of shapes and types of submarine valleys and canyons which 

we observe at the present time. 

There is quite a large number of questions associated with 

the problem of huge mountain structures, island chains which are 

often referred to as island arcs, and deep-sea trenches attached 

to them. The importance of the problem also reaches beyond the 

scope of marine geomorphology, just as tnat of the problem of 

continents -and oceans, '■'■'he problem here mentioned is part of the 

group of the greatest problems of modern geology, since it points 

the way to.the solution of a number of important theoretical 

questions of this science /25, 26, 27*  28, 11?/. However, the 

data of marine geomorphological studies are probably even of 
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greater importance to the development of the problea of island 

chains and deep-sea trenches* 

The study of the submarin« relief of island chains and 

deep-sea trenches «as limited by the technical possibilities 

of deep-sea investigations for a long time, by thanks to the 

improvement of echo sounders and of their operation, it has 

made great forward strides in recent years« Considerable contri- 

butions toward an understanding of the morphology of deep-sea 

trenches and island chains were made by the above mentioned 

works of Soviet expeditions in the "VityaB'," by the foreign 

expeditions on the "Oalathea" and "Challenger,M and by the expe- 

ditions of the Scripps Institute and Woods Hole Institution» 

In recent years there has been a continuously growing interest 

in the study of island chains, and scientists of many nations 

have been concentrating on the study of this interesting sub- 

ject A, 6, 8, 28, 29, 98, 100, 101, 104, 106, 144, 145a, 153, 

199, 200, 210, 226, 228, 231, 2*1, 266, 275» 277, 280, 285, 

286, 330, 331, 332, 345, 355, 361, WVr. 

Material on the morphology of mountain structures of is- 

land chains and of deep-sea trenches attached to them makes it 

possible to speak of them as very peculiar morphological comple- 

xes. The term "island arcs" which is frequently applied to them 
r 

is not quite correct: a raihbew-ahaped form in not quite indi- 

cative of them, and in a number of cases it is not even appli- 

cable. In our opinion, fas indicator is precisely the junction 

113" 

l\ 



^■:^V:';;^ :^••'•^:VJ;J-''WJr^^?^';:i,^'<',,•??■^"',.,•* 
,fiiUi:^'?C;;)ii-";  i,-^';.>-.;'•;:■'■ S-  •.-'.■'•:-V''U'.:*''vv-: ;;-;■•>:(,  ;.-;,V   ■/?--''^-••;:.:-■"■ ■^'•'V^-S'^r.^---^'     ■ T''^ ''jÄ""';-'"-  '■•'■■•V, -^ ■'/'' ;■:. 

■    ~ ■'«t^--'.. •.■;.!..-»•■ ■    ■ .-. -..   ■_ ■■■-:•   -•••   .'•:       "c      ■■,■■•  ■:       v    ■      •.>.■_:;•>    ■-■■-■'■      ~~ -  -^    -•«•■.    ■■•■■■v   "•■    ■ i 

■/I 

/ 

... f- 
of two large shapes in a single complex: the mountain structure '. 

of the island chain and the deep-sea trench. There is an additi- 

i onal important circumstance: in most cases this morphological 

complex is part of an intermediate zone between the continent 

and the ocean. It is also necessary to point out that there are i 

such typical features of morphological peculiarities as the con- ' 

nection of volcanic structure with the internal ridges in the 

case of double chains. The slopes of mountain ridges of island 

chains and of deep-sea trenches are very steep and they are made 

even more complicated by steeper benches and gentle steps which 

separate them. There is a very characteristic complex division 

of mountain slopes of the island chains and deep-sea trenches by 

submarine valleys and canyons. It is interesting that the nature 

of the divide is different on the continental than on the ocean 

side» In every case the trench bottom is a narrow strip of a 

flat plain produced as a result of the accumulation of sedimen- 

tary deposits* 

Much data available at the present time indicate a close as- 

sociation of island chains and deop-sea trenches with the depth 

structure of the earth's crust /60, 117/» There is ample reason 

to speak of these morphological complexes as reflections of the 

atructure of the earth's crust characterizing the intermediate 

zone which are caused by the development of deep fissures /83, 

83«, 132, 133, 13V 135/. 

A number of signs which are representative of geological 
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conditions in deep-sea trench.« and island chains, make it po«-j 

sible to regard them as present-day synclinal zones A, 5, 9, 

22, 27, 67, 101, 117/. Some authors believe that present island 

chains and deep-sea trenches are direct analogies of geoayncliüal 

zones of the past and represent a definite stage in the develop- 

ment of the earth's crust /kZ/ 

The problem of the greatest depths of the oceans is actual- 

ly quite different from the above-mentioned fundamental problems 

of marine geomorphology: it is not associated with the origin of 

kind kind pf shape or another, but with the purely morphographic 

features of the ocean floor. This problem, however, is also in- 

teresting in connection with the problems of the origin of sub- 

marine relief, since, in final analysis, it makes it possible to 

approach the idea of the general extent of fluctuations of the 

earth's surface. Magnification of the power of echo sounders and 

improvement of the method of depth measurement have made it pos- 

sible in recent years to revise some maximum depths of the ocean 

(trenches), to correct them, and to discover new and heretofore 

unknown depths /111, 259, *K>5, >+07, **9, 450/. At the present 

time the greatest ocean depth in the world is the depth of the 

Marianas Trench! 11,034 m /153, 226/. This is also the greatest 

depth of the Northern Hemisphere, while the greatest depth of the 

Southern Hemisphere lies in the Tonga Trench: 10,882 m /210, 

212/, as indicated above. It should be noted that both depths 

are in the Pacific Ocean. The greatest depth in the Atlantic 
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Ocean is 9,199 * according to Lyman, and it is located in the | 

Puerto Rico Trench /312/. The most reliable sources, however, 

indicate that the maximum depth in the deep-sea trench 0f Puer- 

to Rico is only 8,381 a /199, 3^5/. The greatest depth in the 

Indian Ocean is in the Java Trench and equals 7,^50 m /280/. 

It is possible that the amplitude of the greatest cave-in of 

the earth's cruet is approximately equal in all deep-sea tren- 

ches of the oceans. This is indicated by the striking simila- 

rity of the depths of the deepest trenches. The differences in 

the depths of some trenches can be explained either by varia- 

tions in the stages of cave-ins or by differences in the thick- 

ness of the sediment layer which accumulated at the bottom of 

the trenches to the present time. Data of geophysical investi- 

gations indicate essential differences in the thickness -of 

porous marine deposits which accumulated ay the bottom of the 

trenches /36l, 393a/. 

Widely distrubuted isolated underwater n>       '     *r*   dir- 

covered on the ocean floor in recent years. The discoveries 

caused the appearance of a number of works concerning their 

origin and role in the ocean floor relief. In some instances 

the investigation of the floor relief on underwater mountains 

makes it possible to regard them as large block rises /238, 

285, 350, A38/. In other cases, which constitute a majority, 

investigations indicate that underwater mountains possess 4he 

Shape of a regular cone or frustum which were formed as a re- 
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suit of^submarine voldäniea. Investigation ofzspecimens-of pruat 

rocks and grävia©trie tests also give reason to speak of a vol- 

canic origin of submarine mountains, and this concept has recen- 

■""■'  tirtcmnr wide endorsement /?/?, 190a, 2^5,. ?A?f >5i, 55o, 301, 

•2f2ya,*W>, Mfl, 4W» Paleontologies! investigations of coral 

•'■'fragmsn'ts and1 foraminifera collected on the tops of some under- 

Vater rtoWntctns in the Pacific and Atlantic Ocean make it poe- 

' Vii»le--:.tö''-refer the:-tiff.©' of -the- formation of. these. mountains to 

the "t'refaceous periou/*?^»' 200,239/* ■■ ■..•*-■■ 

* '■■'■:•   -''Students of the underwater relief are very interested in 

V'A^^föb^ems"oY the origin; of deep-sea plains and «small relief..-aha- 

' V;t.«'6 of the ocean"floor.; The: causa of this .interest lies in.the 

fsot th*»t the formation of these shapes cannot be explained in 

Hhe'^Xiglvt "of the earlier concepts of exogenous processes of re- 

lief "development at &reat deptne. The discovery of theae shapes 

"(jiva 'rise-to ■•'■the development of ■ concepts-of ■ the existence of po- 

^,;»,-erfül'exogenous'factors of-relief--formation which had not.been 

taken into consideration1before. One of these factors appears to 

be the turbidity currents whose existence is clearly proved in 

the Atlantic Ocean and in the Eastern Pacific, However, the ac- 

tion of turbidity currents cannot serve as an explanation of the 
r 

origin of soce deep-sea plains in the Western Pacific Ocean which 

are separated fro« the zone of the continental slope by a deep 

ditch — a chain of deep-sea trenches. Consequently, next to be 

considered is the problem of explaining the role of other exo- 



genous factors in the development of these deep-sea plains, 

possibly'bottom streams or intra-atratum dislocations of se- 

dimentation substances. Much remains to.be explained in the. 

■ problem of the origin of small relief shapes of the hill or 

hillock type, as well as trenches and valleys on the floor sur- 

face of the Pacific Ocean. For the time being, it seems most 

probable that the origin of these relief shapes is associated 

■ with volcanism and the result of tectonic dislocations. However, 

a completely definite solution of this problem can only be ob- 

tained as a result of deep-probing investigations resulting 

from ä detailed study of the ocean floor relief aided by geo- 

physical observations, and primarily by experimental seismology 

methods which would bring to light an association of the shapes 

of the ocean floor relief with structures. 

The Use of new devices and methods of investigation and 

the extraordinary sweep of studies of the ocean floor relief 

during the course of the International Geophysical *ear open up 

great prospects and avenues of new achievements in gaining know- 

ledge of the submarine ocean relief» 

~.'<tr'- •'' ,:c:,ijf, ..>: • '•'•■.Li.*.:'.):'.     ; ' '''.    '*       i ' : "i  • ' ^ ;■•'•! 
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SEISMIC INVESTIGATIONS IN THE SEAS AND.OCEANS 

(A Survey) 

by Tu. P. Neprochnov 

Marine Seismic Investigations »broad 

United States of America. Marine seismic work was begun in 

the United States in 1935 by the Woods Hole Odeanographic Insti- 

tution under the direction of M. Bwlng. Systematic geophysical 

investigations starting with observations of the coastal re- 

gions of the Atlantic Ocean south of Aoods Hole and east of 

Caps H«nry. In this preliminary work /21/, refracted and ref- 

lected waves were received by seismographs (geophones) which 

were lowered to the bottom from an anchored ship. In work by 

the method of refracted waves explosions on the ocean floor were 

set off froma small whaleboat which sailed away from the re- 

cording ship' to a distance of up to 8 miles. In order to eli- 

minate accidental interference, reception was usually simulta- 

neously taken by two geophones, lowered from different decks. 

A third geophbne was used to record the direct »aye passing from 

the explosion through the water. The distance to the point of 
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the explosion was calculated by the time of the reception of 

this wave. Finally, for the purpose of recording the water ware, 

a pressure receiver or hydrophone was used. In work by the me- 

thod of reflected «aves, the recording was made on three geo- 

phones, lowered to the bottom from the bow, aidsection, and 

stern of the ship. The authors point out tnat this metnod was 

used in regions up to l80 m deep. 

Thia work was continued in 1936 /23/, **d seismic investi- 

gations by this method were conducted in many shallow regions 

(depths from 18 to 36 m): in Chesapeake Bay, Jacksonville near 

Florida, the Virgin Islands, Barbados, and in the Orinoco Del- 

ta /2k/,  The most valuable results were obtained by the refrac- 

ted wave method. The thickness of the crystallio covering of 

the foundation was determined in all locations. The data of the 

reflected wave method, due to difficulties of correlation (ob- 

servation points were located at distances of several miles from 

each other) basically served as supplementary material. 

Simultaneously with the work in shallow regions, experi- 

ments were conducted at great depths of the Atlantic Ocean. In 

the initial variant, a cable was lower-d from the ship to the 

bottom, and attached to it was a four-channel oscillograph and 

four seismographs at distances of 120 m from each other, and 

then three bombs were placed every 300 a /22/. This equipment 

was very bulky and frequently went out of order due to mecha- 

nical defects. Therefore, it was subsequently replaced with 
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Ifloating equipment /22, 2V. The recording apparatus (seismic 

receiver and "oscillograph) was placed in a hermetically sealed 

housing and'was lowered to the bottoo together with a gasoline- 

filled tank and ballast. Explosions were also set off on the   - 

bottom. After recording the explosion, a specid device would 

uncouple the ballast, and the apparatus floated to the surface. 

Special methods were developed of calculating the instant of 

detcna^ioö and the distance from the place of the explosion to 

the receivers by the entrance of'the direct water wave and by 

reflections from the surface and bottom of the ocean /10/. 

World War II interrupted the seismic investigations at 

this stage. However, in spite of the fact that the activities 

during those years were primarily for a' military purpose, du- 

ring their course much important material for seismics was ob- 

tained; good knowledge was gained of phenomena which took place 

durLag underwater explosions, and of the laws governing the pro- 

pagation of sound waves in the water. One of the most important 

achievements was the discovery of the possible use of pressure 

receivers— hydrophones /$!/ in marine seismic work. 

Ey 19^6.hydrophones were successfully used as seismic re- 

ceivers in work by the refracted wave method in Bikini Atoll 

/l8, 19/. A method of shooting through was used, with fixed re- 

ceivers at the Vnds of long ii$es,;with the explosion point 

ibetween them beingchanged';.Ah atfditionSl hydrophone was 
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'used to receive the direct wave proceeding from the explosion 

in water, it was sensitive for frequencies of 50 to 1,000 cps, 

while at that time most hydrophones were working at frequen- 

cies between 1 and 200 cps. In these investigations the hydro- •_ 

phones were placed on the bottom. 

Seismic investigations were revived in the Atlantic Ocean 

during the t>ostwar years. In 19^6 to 19^7, the Woods Hole Ocea- 

nographic Institution together with the Geological department 

of Columbia university conducted wide investigations by the 

reflected wave, method between New York, the Bermuda Islands, 

Puerto Rico, the Greater Antilles, the Bahamas and the east 

coast of the United States /7, 32, 32a/. All observations were 

made from one ship. Serving as a receiver was a hydrophone with 

a Seignette's salt crystal whose outlet was fed into an ampli- 

fier through a graduated separator and an octave band filter. 

The amplifier had a horizontal performance at frequencies from 

100 to 5,000,cps. The recording was made by photography from 

an electronic oscillograph. The hydrophone was lowered to a 

depth,of 50'to 300,m, but lesser deptns were preferred because 

then the recording was less co.uplicated. In the first stage of 

work explosions were set off at depths from 30 to 100 m, and 

then at depths from 0.5 to .1.0 m. Usually, at each station se- 

veral explosions were recorded at different positions of the 

joctave filter. Satisfactory recordings were obtained within 
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f" the frequency range of 130 to 300 cps, and good recordings ,  « 

at a frequency of 75 cps Were only obtained toward the end. 

In addition to depth tfeflectlone, recordings were made of a 

series of reflections from the surface and bottom of the ocean. 

~  Separation of useful reflected waves was mainly obtained by 

frequency peculiarities: they were recorded at relatively low 

frequencies in comparison with waves which had many reflections 

in the layer of water. The basic reflecting level was traced 

tc a depth of aoout 200 m below the ocean floor. 

In 19^8 work was resumed by the refracted wave method in 

the submerged Atlantic coast plain in the region of the conti- 

nental shelf and continental slope /16, 25/« with simultaneous 

investigations in the deep-sea trench of the Atlantic Ocean 

/2Ö, 30/. The work was conducted by the Woods Hole Oceanogra- 

phic Institution and by the Lamont Geological Observatory of 

Columbia University. With regard to method, these investiga- 

tions Can be divided into two directions, principally deter- 

mined by the ocean' depth. 

In coastal regions, up to depths of 100 to 150 m, where 

ships can stay at anchor, seismic receivers are lowered to 

the bottom. The usual seismographs (geophones) as well as 

hydrophones were used as seismic receivers /25» ^8/. Seismic 

receivers were connected with the incuts of several amplifiers 

jjwith different filtersV For the reception of refracted waves — 
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amplifiers were commonly need which were sensitive to frequen- 

cies of 2 to 120 csp? ocean waves were received on high-frequen- 

cy filtration. Tha recording ship remained stationary during the 

work, and explosions were set off at definite intervals on lines. 

The charges were placed on the bottom usually, or at lesser 

depths? when the cable was too short. In the latter case the 

depth of the explosion was determined by the pulsation period of 

a gas bubble. The instant of the explosion was communicated to 

the recording ship by raaio. When explosions were set off from 

whaleboats, the length of lines was not more than 7 to 10 miles 

for the sake of safety. v.appositftl holographs of refracted waves 

were obtained on all lines, which ensured identical interpreta- 

tion. The accuracy of the work corresponded to the reconnaissance 

survey. In this manner profiles were processed, overlapping along 

three lines of the continental shelf off Cape May, New York and 

Woods Hole /25/, eleven profiles in the Long Island region /W, 

and t.vo mutually perpendicular profiles near Ambrose lightship 

/15/. As a result of this work, a determination was r 'e of the 

occurrence of the depth of the crystal foundation covering, and 

the sediment, layer was divided into two staata, called the "un- 

consolidated"' and "semiconsolidated" deppsits. 

The shortcomings of the above-described metnods (few opera- 

tions, limited length of profiles, etc.), stimulated the appli- 

cation of more convenient methods of seismic investigations in 

the relatively shallow regions of the continental shelf, such 
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ma had been developed for deep-sea regions. Thus, in 1950 to 

1951, profiles were investigated along two lines near the Gulf 

of Maine /20/, several profiles south of Nova Scotia from the 

coast to the deep-sea trench A6/» and seven reeonnaissanc- ,,:"'- 

files in the Grand Banks regions /ll/. Along all these profiles 

determinations were made of sedimentary rocks« thickness and of 

the speed of seismic wave propagation in deposits and in the 

crystalline foundation. 

A detailed description of the method of.deep-sea seismic 

investigations by the refracted wave method in the Atlantic 

Ocean was given in several works /26, 33. W. In the study of 

the submarine geology of the Bermuda Islands region in 1950 to 

1951, two oceanographic ships were used, the "Atlantis" and the 

"Karin," both, of which were equipped with two hydrophones with 

two separate amplifying systems. At each point the recording was 

simultaneously conducted on two hydrophones for a more reliable 

separation of useful waves. Each hydrophone consisted of two 

Seignette's salt crystals connected into a battery and mounted 

together with a preamplifier to coordinate the crystals with the 

hydrophone cable. On the first voyage the "Atlantis" had a four- 

channel amplifying system. The first channel, adjusted to a fre- 

quency of. 5,000 cps was set to receive the direct water wave and 

reflections from the bottom. The second channel had a v/ide-hand 

amplifier; the third admitted frequencies below 100 cps, and 

the fourth —. above 20 cps. The "Karin" had reception on two- 
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Chanel amplifying systems. Each channel had a four-cascade ' 

amplifier with an amplification of 12 decibels per cascade. 

The filter of the first channel was tuned to frequencies of 

irC to 100 cps, and of the second to freqenciee from 1,200 to 

8,000 cps. On the second voyage the "Atlantis'« worked on a high- 

frequency channel and on a channel admitting frequencies below 

30 cps. Each hydrophone on the "Karin" was connected with a 

three-channel amplifying system. The first channel had an ad- 

mission band of 2 to 100 cps, the second amplified frequenciea 

from 20 to 500 cps, and the third frequencies from 1,000 to 

15,000 cps. The investigators report that the recordings on 

the eecond voyage were much better. 

Trie ships worked on the profile as follows. One of them, 

for example, the "Atlantis,»' would start drifting and run out 

the hydrophones, and the »Karin» moved away, setting off explo- 

sions at 5 to 15 minute intervals, and at greater distances 

within 30 to 60 minutes. The profile length was usually 20 to 

60 miles depending on the recording conditions and the amount 

of available explosives. The sise of the charges varied from 1 

to 10 pounds of tetryl for nearby explosions and from 50 to 300 

pounds for more distant explosions. Before the explosions the 

receiving ship would be alerted, so that the hydrophones could 

be lowered into the range of refracted wave action (the exact 

depth of submersion of the hydrophones is not indicated in the 

article). Reaching the end of the profile, the "Karin" stopped 
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and mad« ready for receiving, while the "Atlantis" approached 

andset_offthe explosions. In this manner, opposite hodographs 

of refraction waves were obtained. In the Burmada Islands re- 

gion.four .a.tw.tja were determined: unsolidified deposits with an 

average speed of. propagation of sound waves V ■ *f.51 km/sec, the 

foundation with V = 6.63 km/sec and a second foundation with 

_.Y,." ^•0? k^aecVThe boundary between the two foundations cor- 

responds to the Mohorovicic surface and is located at an average 

depth of 10 km. 

Work was conducted by the same method over a distance of 

120 miles northwest from Bermuda at depths of about 5,000 m /26/. 

Hydrophones was lowered to a depth of about 17 m. The position 

of the fhiPs »as determined by the Loran phase radiogeodetic 

system. 

In investigating the depth structure of the Brownson deep 

/33/ two snips, were used, making recordings at the ends of a 

profile about 50 miles long, while a third ship was throwing 

300-pound depth charges along the profile. Hydrophones were at- 

tached to buoy«? which kept them afloat when there was a short 

cable in the water. For the instant of the explosion the cable 

was immediately, let out so that the hydrophones gradually sank 

at the time, of recording. The maximum depth of submersion of the 
"r* ' 

hydrophones was of the order of 50 a. Amplifying.apparatus simi- 

lar to that described ahowe was used. 

•? Z5 i^955 an'?rtAcle waa ^H^isbed on seismic work by the 

■.::,*,   ":■.:■■   ■■►.;■: :-r   ■:.?■:   .:! ,*:■.* ^-j v «■-■ - ' ' - 
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reflected wave method on a series of profiles froa Bermuda to 

the continental margins A5A Two ships were used in these in- 

vestigations. One recorded waves on hydrophones located close to 

the surface of the ocean while the other set off explosions of 

small charges within short intervals going away from the first 

ship. Explosions were set off at a depth of about 1 m. The recor- 

ding was made on tape and subsequently reproduced in a laboratory, 

reflections were obtained from horizons up to a depth of 1,000 

to 1,100 m below the floor, which are fairly well correlated ac- 

cording to the profile. A comparison was made of the reflected 

and refracted wave method. It was found that the reflected wave 

method can give valuable supplementary information on the struc- 

ture of the upper pile of rocks in many instances. 

The article by Katz and Ewing /hi/  describes the results of 

work conducted in 1950 and 1952 by the refracted wave method on 

25 profiles west of the Bermuda Islands. Profiles 45 to 90 km 

long were worked on by the standard method with two snips. A 

recording was simultaneously made ht  reflected waves. The results 

of this work were published in an article with data of all other 

seismic work conducted in this area of the Atlantic Ocean. 

In the United States investigations by the seismic method 

were begun in the Pacific Ocean in 19^8. They are conducted by 

the Scripps Oceanograpnic Institution under the direction of 

R. Raitt. The method and apparatus used are basically similar 

to the above-desc£ibed. In the waters off southern California 
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work was conducted by both methods, of .reflected and refracted 

«raves /50/. In the reflected wave method charges from 1 to h 

| pounds were used, and in the refracted wave method - up to 100 

pounds. Recording was made on a crystal hydrophone. The lest re- 

sults were obtained by the refracted wave method} the reflected 

wave method provided supplementary information. 

Finishing the survey of work conducted in the USA, we will 

!      briefly pause to discuss the apparatus and method used in marine 

seismic prospecting for oil. A large volume of seismic prospec- 

ting work in the USA was conducted in the Gulf of Mexico, off the 

California coast and in other areas likely to yield oil A7i ^t 

*r9/. A survey of the methods of seismic prospecting for oil, as 

applied until 1$)48, is contained in article A9/* Since similar 

investigations are conducted in off-shore shallow regions, seis- 

mic receivers are usually associated with the ocean floor. At 

first land seismographs were used in marine work; they were her- 

metically sealed beforehand and lowered from a ship along the pro- 

file. In subsequent years special small-bulk seismographs were 

designed, equipped with gimbal suspension. Apparatus usually em- 

ployed contains a large number of seismographs, placed at set 

intervals. The wires, joined in a "braid," a»e lowered to the 

bottom, and the seismographs either float a little above the 

bottom, or (if they are equipped with gimbal suspension) they 

are directly attached to the wires. When using small-bulk seis- 

mographs with gimbal suspension, the connecting wires and the 
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eeiamographa ara placed in a waterproof rubber hoae which can 

be rolled on a dm« after uae. The "braid" ia dragged along the 

bottom to move it from a station to another* In work in regiona 

;fj with considerably broken ground or with great depths, floating 

devices are used in which the wirea are kept close to the surface 

of the sea with floate, and the seiamographs are auspended at a 

certain depth /39t **$/,  Seismic prospecting ia mostly conducted 

by the reflected wave method. Small veaaela with explosivea set 

off explosions either in the center of the apparatua or at ita 

ends, after which the recording vessel tows the braid to a new 

position. 

An article /I?/ published in 1950 describee a nee apparatua 

for marine aeiaaic prospecting by the reflected wave method, 

which makes it possible to do the work with a single boat moving 

constantly along the profile. Piezoelectric crystals are used aa 

seismic receivers, they are contained in a plastic hose filled 

with oil. The whole system is neutrally buoyant in water, thus 

making all operationa much easier. During the operation the boat 

proceeds along the profile at a constant rate of speed. Charges 

on a floating detonation mainline are lowered from the stern of 

the boat; explosions are aet off in the center of the apparatua 

which haa 8 to 10 channels, 100 a apart. For the instant of the 

exploaion the motion of the hoee ia stopped by means of paying 

out the towline, aa a result of which the load attached to the 

beginning of the hoae, drape to the bottom. The uae of thla 
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apparatus and method considerably Improves the efficiency of 

operations. Such apparatus has been in wide industrial use in 

the USA only for a relatively short time, approximately since 

195^ /W. 

Great Britain» Marine seismic investigations in Great Bri- 

tain were begun in 1938 in the East Atlantic /13, Ik/.  The me- 

thod of Ewing was used in these first operations. The recording 

ship stood at anchor and ILowered seimographs to the bottom. Ex- 

plosions were set off from boats or motorboats also on the bot- 

tom. The distance between the explosion and receiver was deter- 

mined by the time of the arrival of the water wave. As a result 

of this work the relief of the covering of the crystallic found- 

ation was determined in the western part of the English Channel. 

The investigations were limited to relatively small depths of 

the ocean (1,50 to 200 m); penetration of greater depths was pre- 

vented by difficulties of placing apparatus and explosives on 

the bottom. 

In 19V? the article by Hill and Willmore /3V was published 

~hich described the results of experimental work jointly conduc- 

ted during the war years by Great Britain and the USA, whose pur- 

pose was to investigate possibilities of using hydrographs to 

receive seismic waves. Comparisons were made of seismograph re- 
r 

c«rdings which was placed on the bottom and of a hydrophone sus- 

pended in water at a depth of about 12 m. The experiments gave 

positive results. In the same article the authors express an 
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of a possible attachment of a hydrophone to a radio buoy which 

would translate the signal from the hydrophone to the detonation 

boat. Developing this idea, IU.11 and fallow designed an appara- 

tus which made it possible to conduct observations by the ref- 

racted wave method from one boat only /35, 36/. A piezocrystal 

hydrophone is suspended under a buoy which is floating on the 

surface at a depth of bout 50 m. r-laced within the buoy is a 

wi:<e-band amplifier and transmitter which are powered by a 12- 

volt battery through a transformer. The amplified signal from 

the hydrophone is transferred to a frequency modulator of the 

transmitter which is working at a frequency of about hZ  megahertz. 

When working over a profile it is usual to place three or four 

radiobuoyo about 1 km from each oth«r. The transmitter of the 

buoys are tuned to different frequencies. After placing the 

buoys the ship begins to throw depth charges along the orofile 

at determined intervals, simultaneously receiving radio signals 

from the buoys, the signals being filtered and recorded on pho- 

tographic paper by an oscillograph. The maximum distances of 

the profile ore determined by the operational distance of the 

radio transmitter which operate within the range of direct vi- 

sion, as well as by weather conditions. The ship usually moves 

away from the buoys to a distance of up to 20 miles. Explosions 

are set off at a depth of about 300 m; standard 200 or 300-pound 

depth charges are used. After wording over the profile the ship 

returns and picks up the buoys. 
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This method was used in 19^9 to conduct seismic investiga- 

tions in the eastern part of the Atlantic Ocean at a uepth of 

about 2,^00 m /%/.  H*» thickness of the sediment lay«r in this 

region was found to be 1,900 to 5,000 a (7 * i.;> to ?..-■ 5v ■' '  - 

below that are crystalline rock* with a velocity of .bout SO 

Km/sec and a thickness of 2,700 to 3,^00 m, which have basement 

rocks^ith a velocity of seismic waves of about 6.3 km/sec. 

In l^rf, to J9A9 worK was conducted by tho refracted wavo 

method in the ^iish Channel, along a line passing south of Ily- 

«cuth / 37/. Three radiobuoys were used, with hydrophone* suspen- 

ded at a 'depth of 20 m. The len,"th of'the profiles did not exceed 

8 miles. The'weight of the BB cnar.es varied' from 2.5 to 50 lbs. 

Five explosion» usually sufficed for one profile. The whole ope- 

ration: dropviag the buoys, setting off the charges an* picking 

up the buoys, took about <v hours. Determinations were made of 

the th-J.ckr.asa of sediraent layers and the relief of the crystalline 

foundation. 

In 1950 works by the radiobuoys method were conducted in the 

North Atlantic /28/ and in 1952 in the eastern parr of th* ocean 

/38/. The results of both undertakings show that in the deep-sea 

ocean trench, basalt rocks lie directly under the sedi,cnt layer, 

which has a variable thickness of an average of about 1 to. The 

basalt rocks extend to a depth of 9 to 13  km below sea level, 

* where the Mohorovicic boundary has been.determined. In order to 

obtain waves, refracted at the Mohorovicic boundary, an addi- 
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tional ship was ua«d which set off explosions at distances up 

to 110 ka from the radiobuoys. In this instance the radiobuoys 

were placed over a 20-kilometer profile and the recording ship 

was in the center of the installation. 

Wide use was made of radiobuoys during the time of the round- 

the-world voyage of the British expedition ship "Challenger" /29A 

Many seismic profiles were worked on in the Pacific, Indian, and 

Atlantic Oceans, and in the Mediterranean. Over most profiles in 

ocean depths, there are rocks with a velocity of seismic waves of 

6»3 to 6.6 km/sec under the sediment layer whioh is about 0.5 km 

thick. The small length of the profiles (up to 20 miles) did not 

permit determination of the depth at which the Mohorovicic boun- 

dary lies. 

Other countries. As far as can be judged from published works, 

marina seismic investigations were conducted on a relatively small 

scale in other foreign countries. In addition, all operations were 

contacted in offshore shallow areas, mostly for the purpose of 

prospecting for oil-bearing structures. 

Thus, Mexico conducted seismic prospecting investigations in 

tka Gulf of Mexico on an area of 1,600 km along the coast of the 

sta/fce® of Vera Cruz and Tabasco /h6/t 

West Germany is conducting seismic investigations by the re- 

flected wave method in the Baltic and North Sea /l, ?, *t2, ^3, 

H/,. It is reported that good results were obtained in the Bay 

of Kiel and off the northwestern coast of Schleswig-Holstein AA 
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The interference level can be reduced to a considerable degree 

by means grouping seismographs. The apparatus used is basically 

similar to that used on land, Hydrophones are also used as seis- 

mic receivers /5<W 

Reports were made of aaisnic prcsopcting operations in the 

shallow offshore areas of Japan /3l/. In order to receive ref- 

racted waves, seismographs of the electromagnetic type were used, 

which were placed on the bottom of the sea. 

In Prance, marine seismic prospecting is conducted -.vith ap- 

paratus which makes it possible to work from a single vessel in 

motion /12/; the apparatus and method is similar to that descri- 

bed in the work of Deegan /17A 

During the expedition of the Swedish investigation ship 

"Skagerrak," seismic investigations by the reflected wave method 

were conducted in the Mediterranean /30, 32/. In order to sepa- 

rate the reflections coding frora layers located below the floor 

of the sea, the method of explosions at different depths was used. 

Marine Seismic Investigations in the USSR 

In the USSR, marine seismic operations were started in 19^-1 

by N. I. Shapirovskiy /9/ and S. D. Shushakov in the Caspian Sea 
>  ., „,...,. 

in the coastal area of the Apsheron Peninsula for the purpose of 
r 

prospecting for oil-bearing structures /$/• 

In 19^1 to 19^3 the work was of an experimental-industrial 

nature; apparatus and methods v/ere developed, and at the same 
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Ttioe information was gathered on the geological structure of 

the region. By 19^5, as regards technical and method aspects, 

Soviet marine seismic prospecting reached the corresponding le- 

vel of the USA. During the 19*»1 to 19^7 period, the method of  -_ 

reflected waves was used to investigate an area of about 2,500 

km2 adjacent to the Apsheron Peninsula and southeastern Kabri- 

stan, to depth of 30 m /8, 9/. Recording is made on electromag- 

netic seismographs with oil damping, which are kept at 1.0 to       ^ 

1.5 m from the bottom of the sea, while the connecting wires 

in a rubber hose lie on the bottom. Up to 2^ seismographs are 

connected to a single "braid" installation, each 20 to 30 m 

from the other. Explosions are usually set off at the ends of 

the installation from launches. After working a station the re- 

cording boat hoists anchor and tows the "braid" to a new loca- 

tion. Recording is made with 21* or 26-channel standard seismic 

stations with amplifiers, converted to marine conditions. ^ 

This apparatus and method is used by industrial crews in 

seismic prospecting by the reflected wave method to this day. 

A considerable area of the Caspian Sea has been covered by de- 

tailed and reconnaissance investigations to depths of 30 to kO 

m, and sometimes deeper. 

A great contribution to the development of the seismic me- 

thod at sea was made by the wprkers of the scientific-research 

L 
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«arine expedition of the All-Union Scientific Research Insti- 

tute of Petroleum and Gas (VNII) on geophysics and industrial 

crews of the Azerbaijani geophysical bureau of the former Mini- 

stry of the Petroleum Industry. Since 1952 these organizations ^ 

have been doing experimental work on the use in the Caspian Sea 

the correlative method of refracted waves (KMPV). 

The penetration of seismic prospecting to greater depths of 

the sea, under the existing method and technique of operation, 

is being hampered, since it is connected with difficulties of 

placing a seismographic "braid" on the bottom of the sea. The 

first experimental work at depths between 150 and 200 m was con- 

ducted in 1952 by a seismic crew of the marine expedition of 

VNII on geophysics. It was found in these experiments that the 

usual seismographic "braid" was unsuitable for deep-sea work. 

It is very difficult to raise the heavy "braid" on board ship 

from the bottom of the sea. Great hydrostatic pressure warps 

the housing of seismographs and equipment gets out of order; 

leaks occur in connecting wires as a result of water seepage; 

floats get v/a.ter-logged and there is a loss of buoyancy. In 
> 

1953, experiments conducted at great depths were for the time 

being continued with the old equipment. 

By that time great forward strides were made in the design 

of a new seismographic "braid" for marine seismic prospecting, 

iconducted by VNII on geophysics together with the chair of 
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T^eonhyeics of the Department of Geology of Moscow Stute Uni- 

versity (G. I. ?.ud>.kovskiy. S. :■:. Zv?rev, ?u. ?. Neprochnov). 

A Email-bulk seismic receiver was designed with a .^-smette's 

salt crystal, and it was proved that it could be used in icarine ^ 

seismic prospecting /2/. The piezoseismic receivers and wires 

w^r<? i\l?.ced in a plastic he ae which was filled with oil, so 

that the vnole Installation would be in a state of suspension 

in v.-ater. In 195**, using such a piezoseiamöffraphie "braid" with 

12 recording channels, experimental work was done in many regions 

of the Caspian Sea. For each channel of the piezo braid there 

V;PS a f-roup of 10 eclectic receivers; the distance between the 

centers of neighboring groups was ?0 m. That same year a piezo- 

seiöoPffratihic "braid" was tried at great depths of the sea (re- 

gion of tne Ignatiy rocks). Here, for the iirst time in the USSR 

a r?^ or .tin?- was made of reflected waves during the motion of a 

«nip and "briad" and the prospects of this method were oeter- 

c.ired. 

In the Rumcer of 1955 work with a piozooeismographic "braid" 

were conducted on a voider scale off the Turkmenian coast of tho 

Caspian Sea. A nethod was developed of recording the reflected 

waves wl.ile'the «hip was moving, and t.HIS, . within a short ti^e, 

detailed investigation was made of the deep structure of the 

underwater continuation of the Cheleken' Peninsula. Experimental 

liork was conducted at depths of the sea between ?0 and 80 ra  ~ 
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in the region of the Xivanov bank. While working over the pro- 

file the ship was «oving at a steady speed of about 5 km/h, to- 

wing behind the stern the piezo braid at a depth of about 10. m 

(this depth,"as special experiments showed, is the best for a 

pressure' receiver in recording reflected waves in the region 

under investigation). Explosions of 5-kilogram charges were set 

off from a launch which was also towed by the ship. An experi- 

mental profile 10 km long was worked on over the Livanov bank 

by'the method of con^inuouä profiling with reflected waves. It 

was found on thV basis of the seismie ocoss section obtained that 

therewas an'anticlinal fold in this region; ;> 

In 1956V work Was organized according to the plan of the 

preparationsfor the International Geophysical Year of deep 

seismic sounding of the earth's crust in the Caspian See. The 

investigations' were Jointly conducted by a num- 

ber of organizations (Institute of Terrestrial Physics Acad Sei 

USSR, VNII on geophysics, the Azerbaijani scientific research 

institute on petroleum extraction, and the Institute of Ocea- 

nology Acad sei USSB>. A chbise was made of the apparatus and 

a method \;as developed of regional seismic work at sea. In the 

course of'this work in the Caspian Sea a total of 12 profiles 

were worked onr"6xtending from 100 to 200 km. Usually.recording 

was'simuitlheoilsiy made by two or* three land stations and by two 

or three ships. The land stations were located on the west and 
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Hast coast, and on Zhiloy island. The ships recorded seismic 

waves by means of hydropnonee, connecting the piezocrystal and 

preamplifier. The outlet of the preamplifier was transmitted to 

several amplifiers which operated at different frequencies.    -__ 

~The wave refraction was usually well recorded on frequencies 

of 6 to 12 cps, and direct water waves — on the high-frequency 

channel. Recording was made on photographic paper with oscillo- 

graphs. In working over profiles the recording ships usually 

rested at anchor and hydrophones were lowered to the bottom of 

the sea. The detonating ship threw 135-kilogram depth charges 

at intervals of 5 to 10 km along the profile. The positions of 

the ships were determined by radiogeodetic apparatus. 

Seismic investigations in the Pacific Ocean were begun in 

!95Vf by the Institute of Oceanoiogy Acad Sei USSR /V. Work was 

conducted on the oceanographic ship "Vityaz»» by the method of 

reflected and refracted waves. For regarding of waves apparatus 

was used containing hydrophones, amplifiers, octave filters and 

a film oscillograph MPO-2. The octave filters made it possible 

to pick the required band frequency. Recording was usually con- 

ducted on two hydrophones at the same time, one of which was lo- 

wered to ardepth of 20 to 50 m, and the other to 70 to 150 m. 

During work by the reflected wave method explosions were set off 

also from the "Vityaz«.» Charges of the. order of several kilograms 

■ L 
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were used which were electrically detonated. Recordings were 

made of direct wctcr waves reflected from th* ocan bo.tor, at 

well as these reflected from two or throe lower-lying fcoriaone. 

In order to separate the below#floor reflections, a frecuency  : 

criterion waa ueed. Reflections were obtained from horizons at 

4t?tiis up to 900 a» below the ocean floor. In work by the refrac- 

ted wave method, an auxiliary detonation boat was used /V« 

'■) In 1956, work by the reflected wave'method was conducted 

during the Antarctic Expedition of the Academy of Sciences -JSSR 

toy, the diesel-electric ship ."Ob»,." , 

f -■('?:   \.. M,:,. :iv 
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QUALITATIVE AND QUANTITATIVE CHARACTERISTICS 
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OF.THS DB3P-55A BOTTOM FAUSA OF TII£ OC^AK 

L.  A.   Zonire vich,  G. II. Bolyayev, 

Xa. A. Birshteyn,   Z. A. Filatcva 

Introduction 

The data concomin^ tho qualitative and quantitative distribu- 

tion of the bottom fauna of trie ocean Led,  which comprises about 70 

per cent of the eatire surface of the earth crust,   represents an ex- 

tremely Important part of our gsncrsl concocts abo\:t the distribution 

of life in the biosphere.    Both the qualitaxive composition and the 

'iuanti'cative distribution of tho bottom, fauna rr« i:i  this  respect 

e';ually inter33t:jt\3»    Sowo of the r.oat charectorictic properties of 

th-1 composition and distribution of tho bottom fauna at ,-;rsatest 

ocoan depths vere made api-aront only within the recent years,  in con- 

nection with the development of dasp-ceo  explor?-- ',ions.    It should be 

pointed out that opinions about lifelos^ness of oceen depths exceed- 

ing 6')0C—7pC0 a. ',/ere expressed only ecveral years ago.    The unique- 

ness of the fauna at ^roat depths is first of all axarplifiod by its 

systaltic composition,  as well as by the vertical and roor:raphic 

distribution.    Popular quite recently v.«3 the opinion ebout the ^reat 
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uniformity of fauna of the abyssal =one both in various ocor.ac and in 

their individual parts.    At the present tine, there are reasons to as- 

sume that, elons with a substantial qualitative impoverishment of the 

ocean fauna  es  P whole,  fin lncrwsc in tho diversity o* the deev-s:* 

fauns    proper tekoa place es the dc-r.th increases.    The data exists 

today indicate that the population of various deep-sea depressions is 

characterized by a clearly expressed taxonomic individualizetion,  and 

thus by a considerable endenis-.    As far es the quantitative charac- 

teristics of the bottom fauna is concerned,  one nay,  on the be nie of 

contemporary data,  speak in terms of a decrease sometimes of thousando 

cfid tens of thousands of tines in the quantitative abundance (bicciass) 

of the ocean fauna in tho remote desp-cen re-ions of the ocean,  as 

ooapared with the littoral shallows.    Besides,  the decree of this do- 

oroaoo varies strongly, in different regions. 

One may assume that the study of tho fauna of the depths of the 

World Ocean bed be::an with the famous  "Challenger»  expedition in 1872- 

—1S76, under the leadership of '^yvillo-Thomson.    During this expedi- 

ticn ?0 successful sweeping at depths of 40GO-5000 a and IP. sweep- 

irc« at de:the exewdins 500C m were carried out in  ^.rious  re-Ions of 

the rforld Ocean, up to a maxima depths of 5770 m in the central part 

•of the Atlantic Ocean, near the Tronic of Cancer /79/.    The special 

deop-sca expedition on the «Valdivia« in 1698-1899 and a number of 

other expeditions in the last quarter of the nineteenth century suc- 

ceeded in makin- collections of the bottom fauna only at depths of 

less than 6000 m.    Only the expedition on the American vessel "Alba- 
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tross" tr-wled' at a depth of 7,632 m in the Tonga Trench in 1899 

the haul, however, broug-at up only fragments of siliceous sponge, 

similar to the sponge obtained by the "Challsrujer'1 expedition at 

a depth of 1,000 a in the western part of the Pacific Dcea-. li- 

re mains unexplained whether these are fragments of a ST)v;n,;ce that 

actually lives at such a rreat deptii or whether they are the ske- 

letal remains which found its way here from lessee ueptns /?0/. 

In our home waters, deep-sea fauna w?>s investigated in the 

seas of the Far £*st by a number of expeditions directed by ft. M. 

Deryugin in 1932 and 1933 A?  to 19, 36, 37/, in the Polar basin 

by the expedition on the icebreaker "Sadko" in 1935 through 1938 

/16/, and near southeast Kamchatka by A. t', Andriyashev in 19^6 

/2/, but all collections of these expeditions were made at depths 

less than ^,500 m. 

Not counting the haul made by the snip "Albatross," up to 

194-8 the most successful trawl, which brought up a catch of va- 

rious animals from the bottom, was that made early in the 20th 

century by the Prince Albert of Monaco expedition, at a depth of 

6,055 m in the eastern part of the central Atlantic M/. The 

worK of these, and siu.il.ar expeditions of the poGt-Chal...enger pe- 

riod, including the seriee of deep-sea expeditions of the last de- 

cade, did not yield essential new data which v/ould substantially 

broaden our ideas of the distribution of life at depths greater 

than the mean ocean floor depth. Only in the last decade, due to 

the work of a number of deep-sea expeditions, extremely .-.reat 
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advances were made in studying the deep-sea fauna,  particularly the 

fauna of the maximum ocean depths. 

Tho data on the routes of the three round-the-world expedition 

of the last decode («Albetrees II,"  "Challenger II,",  snd rt^lafen) 

and the general characteristics of explorations conducted by them,  as 

well as the work of the expedition vessel «Vityaz«»  of the Institute 

of Oceanography of the Academy of Sciences of the U.3.S.R.,aro given 

in the introductory rrticlo of this collection /?5/.    As far as spe- 

cial explorations of the bottom fauna by these expeditions arc con- 

cerned,  the "Challenger II"  did not conduct any work in this field. 

Collections of the bottom fauna made by the Swedish deep-sea expedi- 

tion on the »Albatross  II" (1947-1946) «ere limited to roßions of 

the Atlantic Ocean between the equator and 44° N. Lat.    This expedi- 

tion made 12 sweepings,   including 11 at ocean depths from 4000 to 

6000 m,  and one (on August lCth,   19*8) at a depth of 7695-7900 a in 

tho ruarto Rican Trench.    The haul obtained from this depth contained 

only a small amount of the bottom fauna in a very poor state of pre- 

servation /70/.    Detected in it were several hollow tubes of Poly- 

chnota of the Toretollidae family,  fragments of tho yacellicephala sp. 

of Polychaeta,  a good deal of Amphipoda aff. Parscallisona sp.,  end 

four specimens of three other species (Ketandania islandicr. Stcphen- 

9e.n,   rUsirus'bathybius Schellen:.;crg,  mri Synopioidos secunda Stabbing), 

one Isopod belonging to a new genus and species - Bathyopsurus nybe- 

lini JTordensten, f.r.d fragments of about twenty specimens of llolothu- 

rioidea of the genuo Feniagone or Scotonassa /51, 6J,  ^9,  72/«    The 
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Trasults of processing of the deep-sea fauna collected by the Sv/cdish ' 

expedition were published in a number of articles and in two special 

issues of Reports of thia expedition (Reports of the Swedish Däsv-'-e*;. 

Expedition 1947—1948, vol. II, fasc. 1, 1951, and faac, 2, 1955). 

Bach of these articles contains also a summary of bibliographical data 

on all occurrences of representatives of the corresponding systematic 

group at depths exceeding J000 nu 

Table 1 

Composition of the bottom fauna obtained by the "Vityaz1" 

at a depth of 8100 m in 1949 

Systemstio 
group 

Spongia 
Actiniaria 

Polvchaeta 

Species 

Echiuroidca .... 
Bivalvia      
Cephalopoda    .  . . 
Crustacea Isopoda . 

Amphipoda  . 
Holothurioidea   . . 

Pogonophtira   . .  . 

EnliM-itpni'iista .... 

G. sp. .  
Galatheantliomidae  
G, sp  
Amphicliis nwdt'ri Antk-nkova . .  .  . 
Yitiaziu di.git'li l'schakr.v  
Atact'tlict'phula zt'nkfvitchi I 'schakov . 
Muc.-lticrphal' idi-s grunJicirra I 'scba- 

k«;\  
Liintbricoiicrei«. \p  
Potuniilla sp  
Jakt.hiu birstriiii Zenkevich  
ProponmiKMiim sp  
Octopoda  
Storlhynguru horcuiea Birsl.   . . . 
G. *p.  
Elpidia glacialis Tlw'-el . . . . . . , 
I'seudoslicliOi/uH sp.    ....... 
Hi'ptubrachiu abysiicolu lvatiov .  . 
Siboglttium caullrryi lvanov   . . . 
SiboKlinum "»p  . . . 
G. sp. 

Number of 
specimens 

1 
6 
i 

About 20 
1 
1 

t 

1 
I 
i 
7 

Several 
About 20 

3 
1 

Several 
. 

The sweeping in the Puerto Rican Tronoh was record-breaking 
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bi*:.t.;y  -;ölon.;L;v,  tr. IC v^rio«  sl.^c« (T&-:ie i). 

M-.v ?i;-l:;. cf üüAiLias of -'too a««>;weft I'äUTA beio^-.s 

■■'::..; l^r-il.«~i-l'.v..'.-.-:..t.fc3. 

.";'..   ;- «j '. '~ 

.«■." ■! 

,0.''.ci' 

>a  «».  j.^',0—/.;v^«     ^ '•''- 

rcr. det.ths of the '.Vorla Ccwr.,   five 

■.v c". 

f:ec;-c-ec ^r,rxh^ v,-rc e^-levad in t^ Iv.cia^ ^^ --> ^ r?ci::U. 

Ccu, (fttbl,. V,.    :r. t,^c  ..^ci,*,  *, *■:,*« cf ,or, tVa« cCOO ,, 

ec-.™*! ^:r-:dru;:  eaters ^ra cb^firu>d fron tho F.'iiliF?!^  'iVcrc;'. 

•  ^   --   '••  Vr.e S;E: tr-r.o'-,   -rev. fc d«.';th es iOl?-0 w. 

v..r«..   — v.--<: -:.rf^= /-^t ^, ^» ^» 7<:' a/l 

.     O , I *. :^.J,  }.■•': 

-.an 10CC ii •.'-'•••   o^tr.ir^a 

lr _■>?. i.::. CVÄ' 

.Vtinariii tii!,ilh.imth.mi,m htulal. C«rl*ron     .  . 4|> ^v^^^^^-j 
V..ly»-I..wt:i   \h„.llu--Thola haJutis KirKcßlur-l .   . - ■^^J.".^;--,^K 

iVliMiri'i'tv.i <i. vP '    "^ 
liiV;i!v;;i 0. ip *  
«VuNtncM Amj>hip»xJ» (1. <p.  n 

Isopntl.i Alo. t>*lyUt* wtlotheor Wolf» ^ ^ 
I lo!o«hiuUii.UM Si-owplanct (ptlathtae Hansen  .  .   1 
'Muri'ilrorhu- bnnmi llaiiv-n '"" 

ar--5 
....... .«.,-,, ^-c- -;«v. :i^.^ of 10120 r-v^led enly ono cp^o- 

„.-. ,.•-.,. •j.ifl+-.rr;0<dr r.-Ti.-.trochaE. bruvmi Hannen. 
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Thus,  the research tools for collection of the bottom, fauna reach- 

ed in 1951 both in terms of quality and of number the greatest depths 

of the World Ocean,  and the existence of a diversified life at any 

depths of the ocean was proven.    Materials collected by thw '•o;..;:.^ y 

are at the present tine pertially already processed by specialists, 

and their publication was be^un in the Galathea Reporte series.    The 

second volume of this edition,  containing articles devoted to various 

groups of bottom invertebrates (Ccelenterata, I*ematode3, Pclychr.cta, 

Ieopoda,  Tanaidacea, Pantopoda,  Schinodermata,  Fogonophora),  wa3 pub- 

lished in 1956.    Cited in most of these articles are the results of 

processing only of those representatives of the corresponding croups, 

which were collected at depths exceeding 6000 m. 

The work of the "Vityax" on the study of deep-sea fauna,  which 

bo-an in 19*9,  were continued in 1950—1955 an* enoaapasaad our Fsr- 

Sastem seas    and the adjoining north-western part of the Pacific 

Ocean (Table 2).    During four voyages of the "Vityaz,n  in 1955—1955» 

numerous sweepings in depths of the ocean bed were carried out,  and 

six deep-sea trenches were explored,   from the Aleutian to the Mariana 

and the Ryu-Kyu (Table k).    During this period the "Vityaz»"  conducted 

21 sweepin-s and took 7 dredging samples at depths of more than COCO m. 

The three most abyssal hauls wore obtained while sweeping in the Kuri- 

lo-Xamchätsicaya Trench at depths of 9000—9050 m and 9700—9950 m and 

in the Idau-Bonln Trench at depths of 9715—9755 »•    Bi« ao3t abyssal 

dredgin;; sample was taken in the Aleutian Trench from a depth of 72&6 

m.    Table 2 summarises the data concerning tho number of deep-sea 
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sweeping and dredging sanple3 taken by the ■Vityaz1". 

Table 2 

The number of sweeping and dredging samples obtained by the 

"Vityaz"' fron depths exceeding  1C0C n in 1949—1955 

Sea of        Sea of        Bering        Pacific      Total 

Okhotsk      Sea Der>th in m 

1000-3000 
.3000—«J00 

I'.ora than G00° 

Japan 

aw   dr sw   dr      . sw    dr 

Jfcean 

sw   dr 

' 5 12 13 55 7 10 10 17 35 
1 3 4 12 11 18 23 38 3!» 
— — — — 21 7 21 

sw   dr 

04 
71 

7 

At the present time, among all the deep-sea trenches of the ocean, 

the Kurile-Kamohatka       Tronoh,  whoro 17 sweepings at depths exceeding 

1C0O ia and 9 at depths from 600C to 10000 m were made, has been ex- 

plored in greatest detail.    Proliminery results of exploration of the 

Kurile-Ksmchatka      Trench were published in articles of L. A.  Zenko- 

vich,  Ya. A. Birshteyn,  and G. M. Belyayev /2o,27/,  and results of de- 

tailed preceding of the material by separate systematic group3 were 

given in e number of articles by various authors /k, 8,  11,  24,  50*  55» 

AC,  41,   ty. 

Finally, one should mention the work of the Consolidated Antarct- 

ic Expedition of the Academy of Sciences of the U.S.S.R., which was 

begun in 1956 on the vessel "0b1." The "Ob*" made collections of the 

deep-sea fauna in 1956 in the Antarctic waters and in the Indian Ocean 

and were carried on in 1957 and 1958 in the same regions and in the 

southern p5.rt of the Pacific Ocean. 
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Table 5 

I-Tuwbor c»   sveapin^;  cliches obtr..ln:;c  '-;/ vrrious  expeditions 

Expedition 

American on the "Alba- 
tros s,a 1699 

■ rriiicc Albert of Monrco» 
190 i 

iwo.\3J'.h on the "Alb^-rc;.:-- 
_..»(     ., -,.-,    , (,i.r 

Sov:;;t o.».  ti.-j  "Vitvi-.r.1/ 

Danish er.   the B-..?.l^tho£," 
195-0—19?" 

Soviet or. the MYity"^!," 

i'OVll 

ft 

'ill If»»-  .      Tn'al •■      «.Mill-  ] >«i0.-  j  tl>"»l-. 

1            i 

I     1   ! _ j 

! 

— 1 

1 

i i 

"i   1 
1 

— 
1 
t 

17 

5 

i 
4 3 

~ 
110 

i 

i 
8 4 2 1- 

Tur.lejr  '-'? zr.k. h  surir'arir:» tho d- ts on  'tho riur.bf-.r cf s'.'.'etvvlrty 

hauls conducted by vr.ricu,.'  ex^cdilrlons at dopthr. ör.o^edr'ji.j ^OCC ra» 

A3  c:n be s-c-jn Crra*  thor-o  tables,  u;:   to  the pro:-snt tine ::ir.torif.l li'-.s 

boe;: slrucoy ^ccurul: tod on  tho frun^ o:.  ; ri.-r-.tont oao&r  ch\Vvhs   jTror/i  12 

various de<r;.—ü-*O. trencher.    l-lovovrr,   inn.^r.uoh c, tiv?. ov^/hei^in;;; p^rt 

el' those collections vw"  ct'rrivxi out only v:ithi.n tie rscont yo-rr: 

("Gr.iitboa,"  ,,Vity?.:>.,n),. the acrouulsviU -atorial is br.sicr.lly still 

in tliw process in... stacks.     The completion of thin procosof.n:; -fttll ur.- 

deubtodly yiold a räch r.nc. inter):-tiny :..atörial,   e?p?,ble of sarvinp s.o 

. a    bnsis for broad £&riarp.liz;--.tions  in ths problems of vertical and 

fjaoyraphic distribution of the dcep-sor f/auna,  of its genesis,  otc. 
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Region 

Table 4 

Regional distribution of sweeping catches made by various ex- 

peditions at depths exceeding 6000 m (up to 1957) 

Depth 

in a 

Humber 
of 

catches 
Scpoditlon 

Atlantic Ocean 

Puerto-Rican Trench 
7/oatom part of 

Contra! Atlantic 

Indian Ocean 

Java Trench 

Pacific Coean 

Aleutian Trench 
Kuril«-*Ca"icha-teüapB Tranoh 
llorth-wostern part of the 

Pscifio Ocean 
Japan Trench 
Idzu-Bonin Trench 
Mariana Trench 
Ryu-Kyu Trench 
Philippines Trench 
Banda Sea Trench 
roue r invi 11 a Trough 
Kennadik Trench 
Ton;-;a Trench 

7625-7!>00 

«OK» 

69311—7 HtO 

«410-724:» 
(iftiO—!«*TJ > 

U0U0-62») 
on«>-72«n 

:»    7mv-ft73.r> 
I      7585-7H15 
I   j      «810 
;i J i»75*o—icxiio 
\ ! ItfHO *-.*8fi 
j. t 88)0- «WO 
li : K14U--83K» 

7(i3^ 

3wedish "Albr.tross II" 
Prince Albert of Monaco 

"Galathea" 

•Vityaz«" 
H 

H 

n 
n 
H 

n 
"Galsthee" 

n 
n 
n 

American "Albatross" 

Methods of Collection of the Deep-sea Fauna 

Tho A;;as3iz trawl, which was first employed by the expedition on 

the vessel "Elake" in 1877 /68/ and which entered our literature under 

the more common name of Si^sbee trawl and which is sometimes also cal- 

led tho sled trawl, remains up to this time the principal tool for 

collection of deep-sea bottom fauna. In « • recent years this model 
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is being used with various major or minor modifications. A very im- 

portant device wc.s introduced, into practico in the 'thirties by G. P. 

orbunov /l6/. This device consists in flexibly mounting two rods, 

equal in length to the tied trawl bag, to the sides of the trawl frsv.e« 

■> 

?i:> 1«    Si^Bbee^orbünov tr&wl on tke "yityas1'."    Photo by 

r .".. ..;. • \y,:';Karts"iS3ov»';A:*^;;iv;"' 

Hie trawl bar is• fastened by outhauls to the rods, which prevents it 

from beinr: wrapped around the frame when the trav/1 is lowered.    .£> 

actly this medol (the Si^bee-aorbunov trawl) found a predominant 

employment during' work on the "yityaz*^ where its frame was 2«p a 

wide er.d its vfei6ht about 200 k£ (Fig. 1).    As it is known,  the trawl 
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pfforir the possibility of »aldns only a qualitative account of the fau- 

na.    However,  due to the meager representativeness of dredges as 

qurjititctivo tools of hau ling at sroat deaths,   due to the rnrity of 

ttlementa of the dao?-aca  fauna (in any Cü:JO of the wore or '! c • :.- ac 

lerge eniaals), making a quantitative ©stinate on the basis of trav;i- 

ing hauls vras of a substantial interest.    A member of the Institute of 

Oceanography, Ye, I. Kudinov,  constructed for this purpose an instru- 

rv.r.t — tra-,'loi;raph — vrhich recorded the length of the path covered 

by the trawl at the bottom.     The data on utilisation of the trav.-lo- 

rrnph during deep-sea sweepings    of the "Vitvas»" are given in the 

article of L. A. Zenkevich, Ya. A. Birshteyn, and 0. M. Belyayov /27/. 

Pi-, 2.    Double trawl used on the "Vityaz1," constructed accord- 

inr to the trawl type used first on the *Galathea.B    Photo by 

V» ifertsisnov. 

The most significant modification of the Sigcbee trawl is the 

nodel    employed during the work of the "Galatnea"  expedition,  along 
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with the regular type /44/.. The frame of the modified type is 6 m 

wide and 75 cm high, a nd weighs only 40 kg. The trawl is provided 

with two bags, each j5 » wide, which are placed side by side* A some- 

what heavier nodel of this type was successfully employed in 1^;>, as 

well as on the "Vityaz*-" (Fig. 2). The Swedish expedition on the 

"Albatross II0 in 1947—1946 employed for deep-sea sweepings a ten- 

meter otter trawl, which cado several successful sweepings at depths 

of -.ip to 7900 a. However, jud?;in? by the description of hauls obtain- 

ed by this trawl /70/, it cotches well fish, but is of little effect- 

Pig» 5» Ring trawl being attached to the trawl warp from the 

storm trap-ladder lowered from the vessel's stern, during sweep- 

ing conducted by the *Vityaz1" from the anchor winch at a depth 

of 9700 m. Photo by G-. Belyayev. 
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lvness as far as collection of deep-aea bottom invertebrates is con- 

cemed. 

For deep-sea sweeping on the "Vityaz',* perIon ring trawls with 

<i 1Ö0 era diameter were fastened to the trawl warp at various  int';rvils 

/om the trawl,   in order to mr.ke horizontal hauls, in the water column 

at various horizons.    jfcese ring trawls yielded usually rioh catches 

of deep-sea fish, crustaceans, and of other bathypelagic animals. 

Fir;. 4.    Grab of the "Ooean 50* type "cm the "Vityaz1" before 

being lowered.   Photo by V. Eartslssov. 

Employed for quantitative collections of the bottom fauna by all 

contenporcry expeditions are grabs representing various modifications 

and improvements of the Petersen grab, which has been in \»se for al- 

most half a century.    A grab of thi3 type, with an opening area of 

'M 
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0.2 v:~,  war. used for deco-a-ja vrork. c« the "C-silathaa.B    Up to If'JC the 

.."Vityas''1  employed  the ordinär:" Peterson .:;r;ib with an openiiv area of 

■CHf; r\iM.; 0,-;r -:-,   s.nd fror\ 1050 on,   Una "Ocorn 50"  (C.2^> i-2)  typ- -rrxb, 

doshnod b:r •::>,r;.!■)'•.re  of the Institute of Cc:;;\r)cic:;,y A. P.  Liflitsyr. .v.:;d 

G.  3. Udintsov /;/!/«    ?hiü model is distinguished by a device '.■.-'••.ich 

prevents  thj t'rab fron clorsin;: in the water column vhila be in;.; lov/orsd 

(?!■•• *'r).    A r.inilr.r device exists on c sonov.'hat :nodifiod Peterson 

r•.■".':  (O.^phali   :rsl>)>  vrhich is ur--;d by tho American «JX'Cilor-tion h.-.ip 

"V'^lr-ro IV" of the University of 5cuuisni California«    In addition, 

this ship us.-s JIIMO a peculiar fcur-door Hnyvrsrd .^reb (Fij> $)>  v;hich 

bear?,   due to its unique shape,   the n;rruo "ornnre pool" /57/« 

?i;> ?.    Four-door liaywsrc L'W- *>»  tho "felero IV" ,/r>7/. 

/.2   i;-3r^.n pointed out only rocantly /%i/,   the nothod    of collect- 

in;  \.:ne sr.allosl bottom rininr.la is uo to this  tins unsatisfactory.     In 

connection witr. this ono should mention the :nathod of wt'ishin,^  the doop- 

'se~- drsd;:;in;j samples in a silken gauss ba;-- with meah dicinoter of C*c} HO. 

(llo.  lAO),  which is placed in a tank with circulating sa& vator.    If 

— 205 —. 



^!*' .v -.'•^V.v   v' 

^.'significant amount of unwashed soil remains at .the bottom of the bag 

after washing, an elutriation of animals contained In it ie made.    Al- 

though this washinr method consumes often substantially more time than 

the usual methods of washing the sar-plos on metal washing screens (es- 

pecially when washing clay soils),  it has a material edvantago as com- 

pared with the latter.    Owing to the small mesh diomoter of the silken 

gauze,  the preservation in the sample even of the smallest animals, 

less than 1 mm lsrge (Nematodes, Harpacticoida, etc.),  i« guaranteed. 

Besides,  inasmuch as the soil being washed is not;subjected to. the di- 

rect effect of the water jet from the washing hose,  even the most 

fragile and delicate organisms are preserved in the sample undamaged. 

The utilization of this method permitted, during the work on the "Vi- 

tyaz«,"'  to obtain rich collections of various small deep-sea bottom 

organisms which were up to this tide studied only to.a very., insuffici- 

ent, extent. 

General Characteristics of Deep-sea Piocoonoses 

The first attempt to give a qualitatively communal characterise 

ics of the bottom population of the open regions of the ocean,  includ- 

ing the deep-sea regions, wr.s made by Peterson /71/ in the well-known 

schcaie,  published by him in 1915«    1" ^i3 scheme Fetersen gives a 

number of bottom coaraunitios of the north-eastern part of the Atlantic, 

up to Sestern Greenland, Spitzbergen waters,  the. Barents;'-Whit,^. and 

Baltic Seas in the north and the east, and up to 46    S. Lat.to the 

south.    For deep-sea regions (exceeding 1000 m) of the Greenland and 

Norwegian Seas he indicates a community with a characteristic, form of 

\) 
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Poeten friridus.    The regions with depths from 1000 to 2000 n south 

of Iceland and west :'of • Great Britain and Ireland are referred by 

Petersen to the comunity of Poctan vitrous,  Abra longicallis "and 

of various other characteristic,  or at least important ecconr^nvine;, 

species"  (page 5).    As  far as  the community aet off by Peterson fcr 

the nore southern resions of the Atlantic with depths  exceeding 2000 

ra,  is concerned,  the author notes that it is for him impossible to 

point out any widely distributed characteristic species.    It should be 

noted that Petersen13 scheme had only a stricly orientating Jap ortan«e 

and:waa    to a-significant decree even hypothetical, 

\ Twenty years since,  on the basis of results of concrete quanti- 

tative investigations of the bottom fauna, Spffrck thought it possible, 

,uo to extrsne poverty of data,   to indioate only two deop-soa cocmun- 

ities  in the Atlantic: • the community of Foraminifera in trie waters of 

jcotl-md and of    Eastern Greenland et depths up to 700 ia,  and the coc- 

inanity o:' Pecten vitreus at depths  exceeding 200 ra in a very United 

ro:.icn of the Sk^crrak end of the C2I0 Fjord./7J/.    In 195«»  compar- 

ing  the above non'iioned Peterson's scheae with data of.biocosnosis ex- 

plorations accumulated in the course of two decades,  3pa*rck /Ik/ rur.de 

an -.atteapt to deliniate the bottom cannunit,ea from low depths up to 

' the upper horir.ons of the abyss and to jjive their classification.    In- 

to his treatise on these cormunities SpSrck introduced,  on one hand, 

the Zoogeographie principle,  and on the other,  tho principle of their 

demarcation according to depth and partially according to their adapt- 

ation to various soils.    Thus, for example, SpSrck distinguisshs a 
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boreal 3hallow-v;rtcr coraaunity (Danish voters and tho Baltic),  an ero- 

tic conaaunity of intermedir t« depths a:id of soft soils (in the Spitz- 

bergen region and near Sastcrn urccnland),   etc.    It should be r.ot.id 

tbfit til cc*raunitie3        ■ dofi^od by 3p"rcl: are ^i;ced to co .stol ".-.-.' 

relatively ehallovr ro,..ic::s of the Atlantic.    As far M  the ro;;:U-n of 

distribution of great depths is concerned,  Sptfrcl,   joints out only a 

sincle dorrp-oea cor.rnunit;;  iear the r-cuth-er stern cor;at of Greenland 

and notco  that dntn for any furthor 3ynthosis are absent.    Up to tiic 

tine we have no other ^enerr.liein,'^ studios on the comunrl dr:-.vricu- 

tion of tho bottom fauna in the Atlantic Ocean, 

With respect to other reciena of tho World Ocean, up to a recorst 

tirco we had no data whatsoever at our disposal which would character- 

ise the coKmunal distribution of the doep-sca fauna.    In 1?49 the o:t- 

plor-tions of the "Vityas"1 were be'-;un, which cr.cotipacced,  in tho po- 

riod fron I9h9 to 1955,   the deeps of the 3eaa of Japan or.d of Okhotsk 

and of the Bering Sea and of tho adjoining regions of the Pacific 

Ccoen at a total area of nora than ■? r.illion la1:2.    The results of tho 

prelinincry reneralization of these data,  illustrated by a scheme of 

qualitative distribution of tho botton fauna in the Far-Eastern s~r.s 

r;nd in tho north- wectorn part of the Pacific Ocean. (Pi/j. 6),  arc £iv- 

en in article by L. A.  Jlankovieh end Z. A. Filr.tova /28/.    Accordin.-; 

to those authors,  tho qualitative distribution of the bottoa four» is 

determined basically by tho extent of isolation of the sea basin fron 

the open ocean,  by the decree of reaotonnea of a -jiven ration frc;: 

shores,  and by the depth of the hebitat.    On tho bRuis of comparison 
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Pi;-. 6.    Scheme of qualitative distribution of the bottom 

fauna in the Far-Sft.'stam so&s and in the north-western — rt 

of the Pacific Ocean /2S/. 

1) Fauns of ovorgrovdn^ (spon-os, hygroido, bryozoans,  etc); 

2) Echini rr chniun ,par.ac;  5) Caraiun cilia turn,  etc.} 4) Ma- 

coraa calccree.t 5) O^hiurr- sarcij 6) Snail bivalvesf 7) Helio- 

netrr. gls.ci&lia — Ophiurr. «jarsil 8) Po;;;onophor? Siboglinumj 

9) Hiaeollanoqua Polycheetaj  10) Irre^lar aoa urchin Bris- 

saterj  ll) Hyaline sponges (Trir.xonJ.de), Holothurioidea, Fo- 

«-onophor-/ etc.!  12) Fotmllla ayabiotica»  lj) Laae11Isabella 

rachsi,  etc.» 14) Slpldiidao, Psychropotidao, Porccllanasteri- 

dae,  etc», 15) Spinula (Kalletiidae,  Bivalviajf  16) Elpidia, 

VÄCcellicaphala,  Thalassema, etc. 
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of fauna in the 3ane vertical zones in various parts of the whole 

vast explored region the authors arrive at the conclusion that differ- 

ences exist between the faun» of the sublittoral,  the bathyal,  and the 

abyea cf the marginal Far-üstorn seas ar.d the fauna of the correspond- 

ing vertical zones in the adjoining regions of the Pacific Ocean. 

L. A. Senkevich and Z. A. Filatova show for the sublittoral of 

the Far-3astern 3eaa a series of verioua communities whose composition 

and distribution ia  determined by their fixation to the vario\is  levels 

of the sublittoral (the upper and the lower),  and,  within esch level, 

primarily by the nr.ture of the soil,  .is well c.3 by the ^oo^raphic loc- 

ation of the area,  the near-bottom temperature,  and by the currents« 

"In the bathyal of the Sea of Okhotsk and of the Bering Sea, as well 

es near the oceanic coast of Kamchatka,  a very characteristic in- 

faunc-.l biocccnosis hss  everywhere ?  considerable development,  where 

the irregular sea urchin Bri3SGter is  the predominrnt species,  aiori£ 

with typically soil-cor.r.umia.  and detritus-consuming species accompany- 

in,^'  it — Otenodiscus  crisp?.tus,   Trochor-tonr-. (in the Sea of Okhotsk), 

or Joldia berirtjiana, Kolothurioid.ee (in the Eerin^ 3ea).B    With re- 

spect to the abyssal scne,  in the Bering Sea it is  "...characterized 

by the deep-sea community,  which contains various hyaline sponges, 

Holothurioidea,    Actinaria,  lar^.je Bathysiphon,  and,  of Echiuridoa,  the 

■'Jatiancllia £r~.cilis."    For the abyes of the Sen of Okhot3*the authors 
r 

indicate the community Pot&millr?. Symbiotica for its less deep parts, 

and the community of Po^onephora Lamellispbolla ?achei, Foraminifera 

Tathysiphon end 2chiuridoa Tatianellir ~randi3 for the greatest 
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depths of the southern be sin of  the Sep. Okhotsk.    Finally,   two com- 

munities are naaed for the open areas' of the 'north-western part'of the 

Pacific Ocean,    Typical cf the northern slopes of the ICurilo-Kamchat- 

akays Trench is  the corcaunity v;here various  species of rolycl'.'.". f,-.  pr^t- 

donin^te.    "Ihe bed of the Pacific Ocean is occupied by a fairly uni- 

form'connraxnity of typical deep-sen oceanic 3pecie3, no3t characterist- 

ic auionjt;■'which are,  of Holothüricidea;. the Slpidiidr.s end PsycHoropo- 

tidr.o,   of Asteroids»;, the ParcelIcnastsridae and Srieinyidas,   of ::ca 

urchins,   the ?ourtr. lesiicaa and Zkshinothuriidae,   sevaral specios of 

Actiniaria, ncdrepora coral3,  Bathycrinus lily,  and of Polychacta,  the 

ropreeontativefj of the families Maldr-nidao and Ariphcretidae.    A very 

characteristic manner of this cortnunity ia the universally encountered 

bivalve of the family llnlletiidao,   the   iipinult-  ocoanica." (r.or;o V;9). 

"• IT. Cokolova offers a ouch more refined systas of the deop-sea 

bottom ccEcnunitic:: in the abyssal parts of the Sea of Okhotnl: rr.c! in 

the Bering Sea in the area of the Kurile-Kaaxh-tJca    . fr^ich /$%  T;kf» 

On the basis of quantitative- relationships of various representatives 

of ths botton fauna in swooping hauls frorx depths exceeding 1000 ia, 

Solcolova distinguishes  11 basic and 6 transitional conounitios and 

-:ivr-2 thoir ecclo-iCEl chp.rcci.orintics.    Four of thsoe corssunities are 

«neountsrod at depths between 1000 and J000 m,  one at depths of 1000 

to 4C0C 'n,  seven are fixated at deaths from 5000 to p-l40 n.  and four 

are finally characteristic only of maxismn ocean depths of i*ors than 

oCOO a«    On the ground of analysis of feeding of the prevailing spe-• 

oies in each community,  the characteristics of alimentary £roupin~s 
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of tho bottom invertebrates in each community end of nutritive;• inter- 

relationships within the community arc given«    As Sokolova points out, 

■the rrraater part of deop-sea bottom invcrtebro.tes bolon^/s to soutono- 

phags und to coil-cons'onors.     Ihercforo, according to the opinion of 

thi3 author,  the peculiarities of distribution of clastic doposita 

and of the.material suspended in the near-bottom layers of water, 

stipulated by the velocity and direction of abysoal near-bottom cur- 

rents which are in turn dependant on the natu.ro of tho relief of the 

sen floor, nuat havo tho decisive importance for the distribution of 

the deep-sea benthos.    Ecologically monotypio deep-sea bottom commune 

itios have been identified by Sokolova at various depths of the ex- 

plored region, at.similar conditions of deposit accumulation and of 

distribution of noar-bottoa suspended material» 

Regularities of tho Change of Composition of ^e.,Bottom_Faun* 

with Respect to Dnpth 

As the depth of the hnbitat increases,   a sharp decline in the a- 

bundance of species in the bottom fauna takes place»    Thia regularity 

was observed over, by Murrey ss a result of generalization of df..ta con- 

cerning the number of specioc in sweoping catches made by the "Chal- 

lenger" expedition (Table 5). 

Complete lists of species prevalent at depths exceeding 3000 •' 

are £ivon in the Reports of trie Swedish deep-sea expedition of 19A7— 

—1946 for a number of systems tic groups.    Information on the dis- 

tribution of botton invertebrates at great depths,  reported at the 

Fourteenth International Zoological Congress (published in the 'col- 
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lection "On the distribution md origin of ths deep-sea bot tea faunr..* 

197'-.    Union Intörn. öci.  licl.,  Ssr.  £., Kb.  16) and in ths SHCond 

volume of the "G-alathoft Report," ••.■ wall s.a. dr.tc> on processin.. of 

ctr.•;;-:; ;■;   c.-.iIoct\r,r.':i  cf th*  "'/itynr.', u  ^--'rticlly published ':.r.d part- 

ially ivst'ortsd  tc us by a nuriLrtr <"£ o.JOCIS lists  er^;s.,;;od  in procosoinr, 

t:.ess collections,  uny esrve a- ft sup« 1 rausn t to tho above d?tr>..    By 

Table 5 

Av;r-.c number cf SKCI; O'   hotter.-: -ninv-I^; at various depths  in 

SY^piii.   c-:'d: :JZ  oi  :.hc  "Gnu 11on ?.r"   (according to iloivft»,   l£w) 

Lio;>th in 3 I'usibsr of Avorü. o rmiab?r bf's^ociss vor st? i. ion 

St ations 

than    180 70 
180—\m •'.0 
000— lfitv> 23 

1800-2700 2» 
2700-3600 ■32 
3C00-450O 32 
i.-.^,.   -4JÜ0 25 

60,7 

:'r»,8 
10,7 
12,3 
7.7 
K.1 

;:j. ;-::;ric..i.v *■;!!  thin-  in'f'omoti.ovT it'i-;fu.' ?o~.i"ibla to obtftin l-.ett:.-r 

dif; üroiiti;-:." .'.d  indie;', tors  of the chr.r.j.o in  the nbuna-'nee cf specios  of 

'■:)->■■; bottc::; f?.un& vith  rc-sosat t;.   the. increase of de^th«    5^uch  inc'icr.t- 

or:;   :':r  lo  various y;ro-.:tp;3  of bottom. aniMsls  t;.re ^iV'jn  in absolute vci- 

u~..-  in Tftl'-ls 6'" ''.ftd  in ^ereontilö oxpro^iens in Table ?•    As can be 

"1    TflT~"rT:-';c;ct to  cr;.L3v:.c.y n A...ohipO(l-.,   tho  recently -oubiishad arts. 

on ilnain;   rivo n^.-  3!.:^ci-;:.: in tho re ion of th<3 ihiarto ?.ieo 

"i'.-tnch   .ero filso r.cec$ntod for. 

2    It should be bom* in rind that collect5.ont> both of BG&lathca* 

vnd cf "Vit,;T7.ni hsve beyn up to  this time only partially pro- 

V 
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Table 7 

< 

Ghanee of the relative abundance of species in various groups of 

bottom invertebrates vith respect to increase in the dopth (in 

per cent of the total number of spdcies of the given group) 

'       Groups of bottom animals 

Habitation ; 

jby depths 
,,  inm • 

Decner than 
!""."*     3000 

") 4000 
8000 
6000 
7000 
8000 
9000 

10000 

  4 
Ecbluro- w | 

Hydroldta Actfnftri« PolychwU klei 3« 
«S 

1  '•••' 1 

0,5 3,0 3,9 .   10,0 7.5 1.2 

0,4 2,7 2,7 14.7 5,0 0,4 

0,3 1,8 1,4 12,0 1.8 0.1 

0,07 0,9 0,7 9,3 1.0 0 

0,07 i     0,7 0,5 8,0 0,4 •" 

0,04 0,5 0,3 4,0 0,4 «— 

0 0,3 0,1 2,7 0 wmm 

" 
0,2 0,02 1,3 

I 
I 
Ü 

5.2 
2.0 
0,4 
0.2 
0 

0,6 
0,4 
0,3 
0,2 
0.1 
0,08 
0,01 
0 

On the average 
(of the total 
number of SP9? 
cies in the lo 
named groups 
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seen from the tables,   the number of species of all lar-e systematic 

groups (types,  classes,  and in several caaos-orders) of which we have 

at our disposal corresponds; d-ta,  diminish re-ularly and rapidly a:: 

the depth increases,  but this impoverishment is expressed in v.-ricus 

degrees for different groups.    Polychaota,  Kolothurioidea,  r.nd Aster- 

oids u-u cheract-ized by h^hect absolute indicators of the number 

of species at deaths of nore than 5000 n.    Cphiuroi'dan,  crustacean 

laoporb,   ..   stn urchins,  Actiniae,  and Bryosca are elso reprinted 

by a considerable number at these depths. 

Ko-rover,  at depths exceeding the depth of the World Cceen bee, 

clearly predominant abovo all other groups with resist to r.tundence 

of aiscios are only Folychsetr. and crusts .:oan Aaphipods.    According 

to t!:e abundrr.ee of species  ?t these rr at depths,  Holothuroidei.  oc- 

cupy the third place, aid aro followed by Aaphipod? and Po-cnophorr. 

And finrU-y,  only individual representatives of relatively f«v froupa 

of bottora enimrls descend  to the rÄxinur. deaths of ocean trenches 

(9000 ^2 end more). 

Po^onophorr., which arc basically deep-sea aniMls,   stond out 

sharply «nons'all bottom anir.r.la.    About 80 per cent of speolea of Po- 

-onephorr  inhrbit depth* exceeding 50C0,  »nd ateost 50 per cent inVrb- 

it th.2 r;r^atoct depths of oc*an trenches,   exceodini: 6000 n.    Up to 

V.ia  tins only 21 per cent of F-o<:cnopborr  species have been encounter- 

 cessVdV predominantly those fror;: asr.inuu depths (exceeding 6*000 

m).    The ditr- jiv^n in feble 6 are therefore somewhat, owners ted, 

which porcine primarily to daoths from JC00 to 60CC ia. 
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od at depths of less than 1000 m« Among the remaining groups, Sehiuro- 

idea, about 10 per oent of whose species inhabit depths exceeding 

6000 m, are characterized by the highest'degree of deep-sea occurrence. 

They are followed by Holothurioidea, about 2 per cent of which arc on- 

countered below 6000 a, and by crustacean  Isopode (1.4 per oent). 

o        -          * ■ to 15 SB       .        

Pi?. 7« Decrease in the number of species of some groups of 

marine bottom invertebrates vrith respect to the increae in 

depth ( in per cent of the total number of species). 

1) Echiuroideaj 2) Holothurioideaj 5) Actiniaricj 4) Aiaphipodaj 

5) Summary dr.ta for 16 various groups of bottom invertebrates. 

The percentage of species penetrating depths of more than 6000 n does 

not exceed one per cent for all the remaining groups of bottom animals. 

It is significant that representatives of all the four above mentioned 

groups penetrate to maximum depths of the order of 10000 nu 

Figure*7 shows curves characterizing the decrease of the number 
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of species tr.  thä dopth increases  for certoin .croup?, of bottom invert- 

nbrctftSj  .'inc the central curve for 1c ;:TOU:>S,   dv:.t?. on which are /^ivon 

in T".blöi*. 6 er.L.'  7«    A3  cm bo :;.."-n from   this   fi;.i:r: nr.d frov.i  f'.blo 7» 

t'ii? p'_»rcerjtr...;o of pjrrjtrP.-cicii of tho bottom :£V.unn  to (.;reen: depths   La 

for all of the groups  on the a.vcr-y- aayxll:  only J«^} per cent of nil 

3p&cies descend to  ■I-sp^h:-. exceodir,:   ?00C si,   and only Q*'.> p^r cent of 

ua^c:'.■• 3  -T; fc.ind p.t d.-jfth:-. of r.cr; than cOOO ra in  the deop-scf.  ocean 

trench^s.    Sjch io'./ cvor'-r« in a i c -. to :• •: cr-.; stipulated by tho frier, that 

;_ rc.r» lu.'viu:    t;o Inrw-iHt, r.ivnber of t.-ocicji  (Airnhipoca,  Polyc' '"■.et?., 

Ervoscr.,   ;-.iui .lydroideo;  r;.rn chrr^ctcrissd by the  lowest da.;roe of oc- 

currcr.co  in the?  deep cer.  (on  the r.v<*.r:- ,e,   1»|>  »or c«it of 3pecis:>  bo- 

le*: JCCO i,i and 0.''■'•' per cent below 6000 :iu    'Che highest dorrae* of uoop- 

ise«  cccvirrcr.es bolon;'s  to ;,ro.tpn h'-v?n^   the sraellcst nunbir of apocios 

(?0;:c::cphom  &:-,:';   'jchiui-oidftn.)« 

Pus ob-'.^rv^d  re-rul'.'rit;/ o:cpr-03:;efj  the cfcr?r.ict;.-r of ".bo charge in 

the rlu;i'i,."C'j  of 5p2CiDf. v.'.ith ru3>;oct to d^pU  in a most ^cr.pral uny. 

A  detailed <?:r....ir.:'ticn of the vertier. 1 distribution of v::riour. syst.r-:- 

etic ;-.roup3  of bottom i:iv-?rt?br:'töc  by dif. erect levels  penults  of 

discoverin   roMt; other peculiarities. 

i\:« (i.   7inc(;rr. dov. /L5,   i-'./ pointed out that the dücrcc:"-.e v.'th 

do.'t:i3 of thi nunber of av-veiaz of c £-ivcn ,;;;roup proceeds ur.uc.liy ir- 

rof ul^rly.     fhoro r.ro zonea of r:-. faster s'-nd  alov/or decrease end even 

cf a s art?, in i:;croi:.:ie in the number of species.     Thus,  for ex&i.iple, 

the nunber of Coelontercte which occur at doptua of PdpOO—;OC0 a ?nd 

more ia Irr/er that rt the supc-rincumbent ievoul of 2000—?.'X!0 •><• 
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A certain increr.se in the number of s/eciss of a score of Coelenterata 

rrcuas is observed also at deoths of 4000 5000 n. Similar maximums 

in the process of fluctuation of the total number of species at the 

sr-.ii levels are characteristic also for spcn-es, Asteroidea, Holothu- 

rioidea, and a number of other groups. Such maximuns are especially 

clearly defined for certain specifically deep-sea groups of a lower 

taxonomic r3nk (;.-sncra, failles, and sometimes orders). Thus, on 

the basis of analysis of the vertical distribution of Kolothurioidoa 

of ths älasipod- order in the Atlantic Ocean, Saaan /50/ records an 

increase in the number of species of this group at depths of 2000— 

—5000 and A0C0—"5000 n. 2kmsn cites very interesting data on the de- 

: res of deop-aea occurrence of this Sroupx 92 per cent of Ilaaipodn. 

species dwell below 1000 m, end 80 per cent below 2000 n. As Vino- 

e-,rsdova /!;./ points out, the depths where the increase in the number 

of species is observed correspond to zones of the strongest change in 

the fauna, i. e., to zones where a lar^e number of new deep-sea spe- 

cies of bottom invertebrates emerge and the species fixed to lessor 

depths disappear. 

Summarized in Table 8 are the data on maximum depths of habita- 

tion of most of the larger rrvxpa  of bottom invertebrates. As can be 

seen from this table, representatives of a hu^e majority of groups 

inhabit depths which v.-ero only until recently considered lifeless,,. 

while monb';-rc of ton groups dwell even at maximum depths of ocesn 

tranches, at 9000 m and more. It is of interest to note that maximum 

depths of habitation for all groups enumernteded in Table 8 were es- 
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Table 6 

Maximum depth of occurrence of representative of various  '■•roups 

of lottos animals 

Group 

Depth    Deep-sea  trench 

Ln rr. 

Foramlnneid 
Spongia . • 
Hydroroa   . 

Scyphozoa . 
Octocorallij 
Hexacorallia 

Nomatodes.... 
Nemerttni .... 
Priapuloidea . .  ■ 
Sipunculoidca       . 
Echinroidca 
Polvchneta .... 

Solenoenstr« 
Lor iota . .  . 
Scspliopoda 

Oast i > poda    ..... 
Bivalvia  
Cephalopoda Octopoda 

«700 
«610 
8210 

G8G0 
WHO 

10190 

4510» 
7210 
7210 

8210 
lowo 
10100 

4850 j 
5(110 ! 
6'.<V> , 

1)000 ! 
101(0 I 
8100 : 

Ostracf da 
Cirriwdia 
lsCp<(ld 

Arnphipcda 
Tanaidaceo , 
Cumarra .  , 

Dccapcda 
Pantopcda 
Bryoioa . 

Asteroiden . 
Öphitifoidoa 
Echliioidea . 

Iltilotlmrioidca'. 
("rinoidea . • • 
PcRrnophora . . 

M£0 | 
wm | 
f)7T0 I 

!»770 
»Jin 
7286 

5R"-0 
I 

7:»H4* 
7>8fi i 
7i.W> i 

f 

10UI0 ; 
«715 ! 
«1700 ! 

8100 
7210 
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concerning the finding by the "Galathea1 

Di' I.'.'jmatcdA it a depth of 6620 si,   of Decspodr. at 6?60 m,  pnd of Astor- 
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tablished only during the racont years through work of the "Galet-iea* 

and "Vityaz1* expeditions, which clearly illustrates the accomplish- 

ments, of the last docada in the field of deep-sea explorations. 

The data on vertical distribution of bottom animals in the Kuril*- 

KamchalbM*y Trench, which ha3 been studied in greater detail than any 

other deep-sea trench, are given in the article by L. A. Zenkevich, 

Ya. A. Birshteyn, and G. M. Belyayev /27/. Those authors made a com- 

parison of the relative content of the biomass in individual systemat- 

ic groups in terras of percentage of the whole fauna at various depths 

in this +;.ench (Fig. 8). It is evident from Figure 8 that the rela- 

tion  j? of the biomass of various groups changes with respect to 

depth (a sh.arp decrese in the importance of sponges at depths between 

1000 and 2^00 m, the predominant role of Holothurioidea at depths ex- 

ceeding 7000 m, etc.). The most abrupt change of the porcentile rela- 

tionship of various groups (by weight) is set at levels of 1000«—2^00, 

around 500C, and between 7000—8500 m. The examination of tho vertic- 

al distribution of the bottom fsuna in the Kuril. -Kamchat.    Trench 

from various viewpoints permitted the authors id define several levels, 

oiae'a at (SJO m /4^/, utilised in the work of L. A« Zenkevich, Ya. A. 

Birshteyn, and G. M. Belyayev /27/, proved to be erroneous, inasmuch 

as articles devoted to processing of material of the "Galathea" on 

these groups indicate the maximum depths of occurrence of Ifeaatode 

and of Asteroidsa as 4510—ty?70 m /80/ and 6950—7000 m /6k/,  re- 

spectively. The depth of occurrence of Decapoda has been corrected 

according to a personal mes3ege of Prof. A. Bruun. 
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each level bom; oharnctcrisi'd by its own bottom faimr.,  spacific for 

jt to •?. ccrtr.in extent.    A «otaUed exeninrtion of the schemes of 

v:.-V3=?.l  ■:.cr.i-t:.^.  'h'   'f->:   '.'orlc Cc :;-.n,  proposed  by var^u?  fiacre,   1: 

iven  in  the nrt^clo by h.  G.  7ino.-r:.ao7c,  Ya, Birahtcyn,   SJV. ... V-. 

Vinoi;rat!ov./K/,  »Mch is  publiohori in this collection.    Horc one 

should only note that the inv^tf'ntion of fsuna of the Kuril*-KRT> 

ch-tka       Trench Remittee to  sx:>o=* the specificity of fauna of the 

ratest ocean deot,i:oj rv* u res-ilt cf this,   L.  A.  Zonkovich /f'f'' aro- 

?CS:Jtt tho ten* "ultraocear.ic" for d-v^n  exco^diny 6000 ra,  «id the 

to,,P  tiuv.rn-deci^n^"     for  the four.a ini^bitinr;  tneae depth;;.     The 

ten       ultrasb^£s" and  »ultmafcyssol ffevuia"  (for depths of ooro than 

c'OCO in),  orcposßd by fa.  A.  Sirahtoyn,   wera ewployeft in eubseouent 

vorks  of L. A.  Zenfcevioh,   Ya.  A.   Sirsfctayn,  and Ö. K.  Bolyryev /tf,  27/. 

In  19pd A.  "ruun c<:.;o on the  basis  of cononriscn of  arts  obtained for 

a  seor; of doer-sea trenches  by the  ^alathoa"   to an enlo,v;ou3  conclu- 

sion cmcominy t'os  s^cificity  of fauno  at ;;r^3Ci d^tns  of ocosr. 

V,-.WUO;J,   :.nd precos^  ti.s  wn rth^.l"  for depths  -ccaoaiar: 0000 a. 

Ultr-v-ibys-n 1 Fama 

?h.> f->ystc?irtic  contrition  o.   f.v.^  of ;-j»:ü2ur: ocoar» d->pth.t hrs 

,.-  y^ r.ct low conpl^tay inv .-stinted.    A, he-,  been point-d out pre- 

viously,   the; result:;  of prcco^in.  of collections »'do by t~c "i.*ie- 

f-c» an.* publis:^  only prrtv,l]y,  v/Mlo the published "rcsultc c:   the 

"Yit'.'sr."1 .collections nr.-  ovon los;;  cc-pieto,   and  the  fully processes;. 

and  published collections  of tho Sv/.-.di.ch nAlb';tro«   II"   in   -•"> rv.orto 

-...„..,    ^..-,,c.'.-  o-r,.  v.^j».,' r-c^.-or •":>.:.  r-■_• :••;.:• ent a cror.ll nutboi.' of c -ccios. 

.f 
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Notwithstanding the impossibility to offer a general characteristics 

of the composition and Geographic distribution of the ultraabyssal 

fauna on the to sis of materials published up to the present time, a 

nummary of the available data is still of a certain interest, since it 

permits of stressins the Important peculiarities of the population of 

maximum ocean depths. 

It has been shown in the prec.din,; chapter that in the ultraabys- 

snl 7.ono, i. e., deeper than ÖOCO ta, almost all groups of bottom ani- 

mals, except, uolsnogestreB, Loricate, Ostracod*. Brachiopoda, and Sry- 

osoa, are ancountered. Data on systematic composition are published 

only   For-minifera /k2/t  Hydroso* /62/, Actiniaria /W. Octocoral- 

lia m/,  Schiuroidee /2k/,  Polychaota /J8, 39, kO,  51, 59/, Mysidsee» 

/HA Iaopoda /3. 69. 31/, Tsnaidacea /82/, Amphipodr. /7?-/, rontopods 

m, r:,  ?V, 0rinoidea-./55/f Asteroids /6k/,  Ophiuroidea Schinoidea 

/6V, KolothurioideE /%,  63/, Pe^onophors /29/ 50/, and Pi"cc3 /V- 

Forrninifere. Z. G. Shchedrinn notes that the Por^ninifera fauna 

at depths of nore than 8000 m in the Kuri^-Kamchrtk* ;- :rmch "is 

ch-.rcctorir.cel by a sharply expressed singularity of species oontont." 

Altogether 12 species wer* found at these depths, out of which ; are 

met also at leaner depths. 

Hydror.ca. Three species are ;-ivon for the Keroaddc Trench, in- 

cluding two, new species. 

Actinicria. Six new species fron Philippine., Java , Band- Sea, 

and Kermadok Trenches are'described, two out of which are segregated 

into a new ^enus and a new family, and one into a new gaius. 
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Octocorc-llia»    Only one Unbellu'Lr  corrl,  whoa-? 3.->«cics hns not 

been identified,  i? i-r.ovm ir.  the Kojirind«'-  Trench. 

.tabiuroides,    Fiv? no-; s-j.-ciec .?:-.a two nevf ran-?ra hv.vo- bean  cia- 

scribsd for the Rurile-X"..<.-ch tka    .,   i.lo.wtirxn,   And  LP'.u-riouin Tr -nchoo. 

Oi.it of those fivj s-ociea only ones js  .rncoantorr-d -t d.^.tha or lf>ss 

than 500C n. 

;.-'olye'-.:•/.;«..    Indict, led fcr the Pxicrto. Ricun  ;'r::nck arc- :;acc? lici*.- 

v-rrl".   -:•/..  r. ■•,(.•  TorvbJIi .Ir e yn.  a?.,  net identified C-.J  tc specie; nine 

s-Dcies,   including rive nsv? e-rjd  t*;c unifiüntifiod species,   rcr  t.ic pj;ri- 

le-:'.a.-£Vtka    •  Trenchj  mc. fiftra apecias,   ir.cluc'i;..:   l:,r<>-.; >-.*■• rv.a 

t'.rvc '     .;':.nvi-'i:^  eoecir.s,  /or the rhilippine  ,   Jrvc .,   "r-n.v;, Z*r,  r.:-.d 

r.'/.T'-.:-..*: k Tvrnch^s. 

hy:P ;hcot:\.     --he only botto:■: nltv/-b-r.c\l  spociee,  Aaplyo.-.s >;T.:;rir\, 

hs-.:  been  -.b'scribed for th-; KuriJ e-Kai ;c;:v.ka        Tr-.-nch. 

Icopoda.     A ivr; ,-:3nus  ::.:;d 3;v;oiea   ?r.th,yo;'Suni.? nyiolini  h"-.-  been 

c.c.'.:c?*:! b:.-f;  :'cr  the Puerto  Pic--:-.  Tr-.^.ch;   viLv? .vM-'Cion,   incluciinp nine 

no:; :.-.-.5?oi'.i::f  for the Philip, ine ,   ";•.:•;»i  Jüe-,   <?jv'i K-sr.w.irh:-    Trencher;; 

?:•:■: ner R"' r'Cios r:-.d one .lav: cubapecien  of ':.'...e yew.;-*!  Storthyr .urn for 

ti-j Jüa*ile-j->r.ch-tka      ,  Joecn,   <-■.-.<} Aleutian Trenchee (the renaininy 

.:':■": va  ■.,:.: re t:ct pet boon  rir^-cs'-Vf.-f-)» 

T-?nr..i'.:.  c-.i't.     Three n  OCIRS  are lanoi/n in the Korrirdok Trench,   one 

out of :;hich hce  been eoprepn^vd into a npecirl renuo Herpotrnr.ic,  one 

re.-.ro.centc r. nevr species of the ronuc Aprs or, dors,  end one heo  been de- 

scribed ?v; a 3i;."bsnsc:loE of the I-'eot^neie  oerratispinooua species, 

found previously in the northern Atlantic» 
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Amphipods..   According to date of 3. Dal»,  quoted in Wolff»s work, 

in the tranches explored by the "Galathea"  16 species of bottom 

lataral-swinners were discovered,  nine out which do not rise sbovo 

c'OCO v\,    Pour species are indicated for the Puerto Pican ultra?, by:; s, 

but two of these are pelagic.    One of the tvfc bottom a secies is new. 

Amehieoda are numerous and hctcrogenuous in the trenches of the 

north-western part of the Pacific Ocean,, but their processing has not 

vet been completed. Anonp the material processed up to this tine not 

only new specie 3,  but new genera as well have deen found. 

Pontopoda..   Two species,  Kyniphon femorele Fs£e in tlie Band?  Sea 

Trench    .id K.  orofunduiu Hilton in the Kurile-Ka:?.ehat.ka      Trench,  are 

known at depths of more than 6000 nu    The firot species has not been 

er.count-.rjd at depths of les3  than hokO n,   and the second at depths of 

less  than J?.;:.0 12. 

Crinoidea.    Bnthycrinus austrr.lis (Clark),  previously found in the 

Antarctic at a depth of vo'jO m,   is lonown in the Kemadek Trench.     rte- 

!;-r-2sont:-tives  of the same r;onus, not identified a.?  to species, have 

been collected in the Kuril e-Kamch<'lfc ka     Trench. 

Asteroidea. Tv;o new species have boon described for the Kemade 

Trench. In addition, a very:widespread deep-sea species, Srenicaster 

vicinus  (Ludwi;:;),  has been discovered in the ICemrdek end Java 
* 

Trenches. 

"~I      Judging by Madsen's /6k/ description,   the species discovered in 

the ICer.iadec and Ja van Tranches at depths of 662Ö and 6950—7000 

Hiss    typical ^resaicp.ster vicinuß (iiugwig).    However, Ma da en de- 
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Ophiurcidea.    One very widespread spocios,  Ophiura lovoni (Lynan) 

is knovm in the Kenned ec Trench. 

Schirccidor..    Only a single opecies,  possibly identical v;ith the 

Previously Itnovfn eurybathic rriecivs i-ourtalesic  pp.?  auroras I'oulcr 

In the Antarctic,  he? been discovered in the Kerxadefc Trsr.ch. 

Kolothurioidep.    üolothurioidße  of the ultraebyss rre represented 

by s  lerrje number of species.    Five in the Philippine    Trench,  three 

in  Vie i'.&.i Britain Trench,  fov.r in the Keraadck Trench,- two in the 

Puerto luco Trench (not identified aa  to species),    Cf the ly identif- 

ied ultre-byssal species,   five are new and aro not found at depths of 

las:?      Jin 6000 Q.    Out of these one species has been su^re^r.tor: into P. 

special :;-enu3 Had?lothuria. 

Po~onophorr.    Two new genera and five specios hsve described for 

the Kurile-Kar-icha-t ka    - Trench,  and on© new species for the Jo pan 

Trench /20/.    Only two of these six species have been found at depths 

scribes  it uncher the nane of £.  pacificus  (Ludwig),   considering 

E.  vicinue not to bo an independent species,   p.nd including: it in- 

to the synonymy of 2. pacificus.    According to dr.ta of G. M.  ?o- 

lyayov,  v;ho is processing  deep-sea Astoroidec from the "Vityac"1 

collection,   they contain numerous  representatives of both species, 

which have a fully independent importance and which dif er sub- 

stantially both morphologically and by their vertical distribu- 

. tion.    2. pecificus is lenoun at depths of 1570 to 4CS0 m, while 

3, vicinu3 i3 one of most deop-3ea Asteroidea and is not en- 

countered at depths of less than 5000 m. 



r$i^0mm "m 

4- 

of less than 600Q m. Beaide4,.lfiye additional representatives of Po- 

gonophora, not yet identified but apparently belonging to new species, 

neve been discovered in the Kurile-Karachat k&  Trench. 

A total of 11 specf.es, belonging to 7 genera, have been thus ob^ 

served .at depth3 exceeding 6*000 m. 

Table 9 

Total number of deep-sea animal species of the ultraabyssal 

zone the number of species endemic to it 

Total number  Total number of  Per cent of Sroup 

of species endemic species  endemic species 
A 

F    .'iinlfer*  . 
H^rozoa 
Actiniarla 
OctocoralHa 
Echluroldea 
Potyehaeta 
Mys!dac*a 
iMpoda 
Tanaldaeea 
Atnphlpoda 
Pantopoda 
Critwidea 
Asteroldea 
OphiuroIdtJ 
Holothurioidea 
Pogomphora 
Pisces 

Total 121        I        75       i «2 

Pisces.    Oorepractus (Pseudolipnris) amblystomopsis Andr. form the 

:urile-Kanchatka.     Trench,  segregated irtto a special subgenus, may be 
r 

considered as the only species of ultraabyssal bottom fishes.    Another 

fish of the genus Bas30£ig"3 was caught during sweeping in the Javnn 

Trench at a depth of 71J0 m,  but there is no certainty that this fish 
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was  cm:;ht in the vntsr colunn at c  lesser drrth while ralcinc  the 

trawl /V« 

In  cr.Tor to y.u.:-s r.'-io'it tlr iudeper.c'cnc-.; of the ultr:.e~ycrcl 

■•>\-nr;.   it 3.-;  in* ;v-.-:;r'.n-   tc. c0r.7jr.rc v.k'.> nurftfi- of .--.pc-c .U-:'  r.Ue'1  t.o   -i'O 

ultr&t\by=.3?.l -one mily --rith the imwber of all spncicB encountered In 

thir.  ?ono.    folff r.sci-j •*. sinilar coxmrxson,  but our Table 9 utilized 

::X-I-J ocia.'io-'.f d-1,-\ ^t .fort?: r.bove. 

''hui.   en  th-? ".vor?1 ■? ';0 r>?.r ce/.t of bitten cni^rls  founc .et 

■he'thr  oxenediiv 'JOC'O TC ere rcore-ented  ;y specie;: not encountered at 

ler,-.-.er <.\:-rthr..  vhi«i>. rs.y serva es  e sufficient -round for inc-:jer.d*noo 

e.'  v      altrr.r.ly£3öi fr.uof..     This  independence is  stres-.ie:l  by  the cxiat- 

vTf.cc in  Lhi. ultr^acy^ rift only of s^ciea fixed  tc   It,  but of hl-hor 

+.-::o:*.c-iic ynits,   oi'   -«lerr.. «-jri-.;  oven o-r' f--railioc,   '^ "oil.    tootr; Aftti- 

nir.ria c nov; ultr< cbve.ici f-nily,   G-- i^the-vfkerri.dno,   r.:ic  two w:    ^-^ 

i,.?.lf.J..jennt;.o:.cn £,v;- :-:i:iialanM-.ua,  hr.vs be«  ;;i:;cov<;r3dj  a-on^ fol;'cbeo- 

J",   xhe -encrr.  Vityr.-fs  r.rui ;:?.c3ll5.cyjhr.ioid -:3|  nr.on*;  ?rMv..'oi-.ifln,   :;.:e 

■■,:.,;■:. ,.V:e;i--     :^   '/i vr:rcei:i:  enor.;    .hinehipcdv, ten  ;/reu:.'.  .v.-tyro» 

i.-.s  (;c'. y-t ?ublirf-..?d)f  F--OH;.  Inevsod:-',   th:   ynuc  Buthyo^surusj  ^ron- 

;?.clot>:ur:Lci-'iO,   ü.e ,ynu-  I.rrivlothuris»   R-'.or.; Po.-orictfnor. ,   vio :cncr;: 

;;,-■., V.r-cV.i:.  -.-.d  ;.oii:-.,v;-tc.-.iMVJj   r^on : fishes,   -:h* »at :v.r.uf»  raudoliv*- 

r-.    -■  :or.il.r -h^o-euon i;  c^r-.-n to  tha rl^ton of the ultrr*I>v3- 

•.*r:l   ..:or.u,   wimoi composition in '.eeow.. to contein e, social Ari?hi?odc 

.■>:: Li 1" Vit-:.'...v:.-;:iidr.o /<J/ «vrid tiw ultvunbyecel feiere of Galcneid: ,  Fs~ 

r   -c^hoc^nuH rr.? lo^ovitcbfelle /12/, not county a ci'Tiificant 

nunb-ir of 67-ocir.i ultruabyo'jvl jpecics. 

— 226   — 



%i»'*^'-'^'^^^%j^?' H^f. ';'.** 

■?S? 

■"«*■ 

■ ■■«& 

") 

) 

As Zankevieh, 3irshte:n,  and Belyayev /26,  27/ had assumed,  and 

er. it is now beitis comfinasd by factual material,  the fixation of moat 

3-50CX03 liiRlcinc up this a pacific ultraabyassl fauna to any single iso- 

lated ocean trench should be regarded a? its remarks, bis property. 

Consequently,  each trench is characterised by an ultruabyss^l fauna 

endoraic to it» 

Thus,  for example,  each of the six ultraabyssal species of Actini- 

aria and of ihenine ultraabyssal species of Isopoda,  collected by the    Ga- 

lathea,  haa  been detected only in one of the several trenches.     She 

case of Holothurioidea and Polychaeta is somewhat different.    Of the 

fivene w ultraabyssal species of Holothurioidea, one (Kyriotrochus 

bntuni) har  been found in tvro trenches,  the Philippines and th-.s ITow 

Britain.    Of the three now species of Polychaeta,  one (l'aocllicophale 

hf.dftlis) occurred in the Keraadek.,   Eandr. Sea,  and Philippines benches. 

The two naued'species represent in this respect an exception tc the 

v.-hcl^ i-i:..s"  of ultraahjrscal.   species,   and the fact that they ■ wore 

found -in tvro trenches very distant fro» each .other and. 3separated by 

lars-3 extents of the ocean bed only 5000--5COO m deep needs additional 

oxpIan?tions. 

The narrow endeiaism of the specifically ultraabyssal species is 

exemplified also in the fauna of ocean trenches in the »astern Pacific 

Ocean, which were explored by the ■Vityaz»."    However,  this phenomenon 

is ^complicated by various decrees of isolation of tho explored 

trenches. The Kurile-Kamchs.tka .   , -Japan, and .Izu-Bonin Trenches 

e.r* interconnected by depths of the order of 6000 m,  so that only 
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their naximun depths are isolated.    The Aleutian Trench is 4» ioolatod 

free other trenches by a suba ,roirial area of the ocean bed, v;ho3o uau- 

•:l depths amount  to '':CC0—:;0CC a. 

In con:?o:".'/..:)Oüi  ■.'ith this,   a number of ultraabyasal opecie-j,  part- 

icularly the Iscpodn G:\or thy:,par''  vit;y ::i,  3t.  chclata,  St. horculcr, 

the  'JcViuroideu:* 'Pit^ciesa ultrcr.bya.-.slis,  and the fiah Corcoroctus 

ai.^lyoto-iopri:*,  ire co-r-.on both tc  tha Kuril »-Kamchatka    •. and tho 

J.va-i Trnnch^o.     The ultrorbyanr 1 pcla: ic CJsnncridea arc also distrib- 

uted,  wit'.-;out ,;apr.,  fror.  th<> Kuril«-Ka;.\oh'"(tk*.     Trench in the north 

to -ehe Jr. nan and oven to tiio   Izn-Bonin Trench in the south /10/. 

Along v;ith: this,.'cortain.differences  in the systematic location 

of ultrr.abyasal species are observed between tlie conplotoly isolated 

I'uH.lo-Ka.'.iO'.-rtuI'-jiya rnd tlio Aleutian Tranches.    Thus,  for example,  tho 

iüchiuroieläa ./enuo Vitjarvrwa is represented in tho Kurile -Ka: \ch/. tka 

Tr:ncr. by ih^ c ,3ci.?o 7. ultraabys^lis,   and in the Aleutian Trench by 

ti-.o  r.'):tr;io3 V.  ?. leu tic." /?J.-/,   cnrj  ths Isopodum .-'torthyr^um t:;nui':pl- 

uis  :'r<•.•'.:■ tvv- Airutlfn Trench is  represented in the Xuril<»-<X8flichatkÄ ' 

Trench by n cip-.-eiei subspecies,  r.rid possibly r  npecios,  £• csratvcha ti- 

er. /£ /. 

Indications exist concerning the heterogeneity of populations ob- 

t&incd for-i urxinun depths of the Kurilft-Kf.achrtka        cad Japan Trench«::, 

not'/:iths-o*nrlir.v that, they arc connected by a ^ut about 6C0C n deep. 

R-j"renentv uiv :-s ol the most door—see  (7200—o2c0 rr.) soocies of the 

Stort'ynrp-.r-. perils,  3. vitja-i,  fron the above nerved trenches are ;aor- 

pholop'-crl!-' different,   which nay bo regarded ae the emergence of in- 
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itial stages of divergence /8/. 

Apart form representatives of the specific ultraabysüp.l fauna 

which do not rise to depths of less than 500C—6000 a end which ars 

chs.rr.cterir.ed by a clearly expressed narr CAT «ndsstion,  a siyiificmt 

nuaber of variously eurybathic species,  enccountered also in shallower 

vertical zones up to the upper sublittoral,  were detecred within the 

limits of tho.ultraabycsal zone. 

The Polycheota Ancintosyllic  constricta Southern,  laaov-n ire- the 

Indian brr-.ciciah-water l*ko Chilka end from tho depth of 6p60 n in the 

Ear^ Soa Trench,  and Iharyx nultifilio,  found at the emae depÜi in 

the s?ne trench End previously known near the California,  coest at a 

de-th of 1 to'590   m,  in tho Persian Gulf at ebpths of 8—110 m, end 

ner.r tire Vancouver Islands at the d^th of 70 r. /59/, nay bo consider- 

ed as anaalms examples of extreno ourybathicity rud of eurybiorthicity 

in gonaral.-  Sie hydroid Aglaophenia tenuisaias. Bale wo* form 1 in the 

üermsdao Trench at a depth of 66c0—6?2C a,   and in the waters of tee 

Grrot Australien Barrier Reef «st the depth of 2?> n /6-V«     -^° -ol°" 

thuricideum Mesotlrari- mun-ayi Thled was discovered in tho Pnndi?. Sen-. 

Trench ?t depths of 6^90—6550 n,  and wee encountered in the Indonesian 

w-t.-ir:s .-:nd in the Paoific Oceca at doptha of 2p4~5u0 ra.    The Schiv.ro- 

idsun Alo::^s<fnfi nordp-cific:   ."-sak.  dwells in the- north-western pert of 

the Pacific Ocean at depths fror 520 to 7Ö20 ax M/»  the Isopodun liya- 

r-ch&iv? ante rotier Vanh."'ia ioaovn from depths of 252 and 7000 n /8l/. 

Tho Pojonophorun -3ibo£;iinm cBulleril' Ivanov, found in the KuriU- 

I*>,r:ch-tKa      Trench at the depth of'3100 m,  is common in the SOP of 
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Okhotsk et depths from 2r; to J-'fOO n /50/. 

Sven a larger number of species appears to bo common to the low- 

er levels of the batkyal,  abysr.,  and ultrasbyss.    Among the Folyeheeta 

t.i-   is -/Aoellicsphp.lR  abys:iccla Pauvel  (ir22'y—7290 m),  üeohty:;   Uo- 

nellata  21iason.;(*295r-70CO.ni), Ilinoe fusca Moore (  4065—70CQ Jr.), 

Ilypha;rus bythinicola Chrabsrlin (-^56—67*0 m),  Treviaia profundi 

CSSic-ib» (97?—7-90 n),  etc.*  a^oriS the Isopoda,  StortUyxviura pulchra 

(Itezcn) (1260—6620 n) and D;rycc"J rodifrona Hanson (2702—7000 »)| 

«x-jon;-   Cr3a:oidea,.   Bathycrinus auctralia  (Clerk)  (^O-^C c<)|  anong ) 

Aateroidoa,   ireaic^ster vicinus (Ludwig) (5000—7000 m);  anon,- Cphiu- 

roldoa,0phiur-.  loveni (Lynen) (2500—6720 m)|  anon,; Holothuricid«»a, 

?orio2iv:. nerooi (Theel) (p?92—7160 n),   Scotoploneo ^lobor.r. (Theul) 

(^o/,—<>720 a),   3enthody--cs san-uinolent'-  Th'el (768-7290 n),  äiphro- 

nidos vorrucoea Ludv/ic; (2^^—7290 a),  Preuaostichopus villo=uy  Thcel 

(?£6~72S0 ni),  end Cor-plectanr. trachydemn  Clerk (^—^6C;-C n). 

A a-eci-l place'in this  serica  is  occupiod V/ tue iioloihurioidour:. 

/.lni^ip. :,lr.cir-li3 (ihool).    Very wldasoroeci in the Poler Basin at   ' ) 

dopzha frcm 70 to JfiOO   ' and considered usually as a M;'.»arctic ope- 

;   cics/ it was  found in the . Atlantic Ocean near the shores of Morocco 

:   ;:'.. '.  do-otti of 2210—24C0 n and south of    Australia w t a de;-th    of 

7->0 :i,   '-nd in the rocunt ycar3 waa  discovered :In the Streit of Etev 

c;r^l.r  ot a death of *4C0 21 /5/, near Antarctica at a depth of 
1 

29£d n (W-.3 first n0b,B expedition),  and in lcrjje nunbara in the 

uliracbyss of. nnny trenches. (Kurile-Rwnohntka      ,  Aleutian, Japan, 

Ker/iado ,  Java ,  and Bougainville (Hovr Britain)).    According to Kann- 
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en /56/,  a special subspecies,easily distinguished from the typical 

subspecies fixed for the Arctic end the northern Atlantic,  inhabits 

each of the three, latter trenches.    The erer?ence of different subspe- 

cies of 3« :;l?cialis in various tranches rewinds of a sinilcr proevjea 

common to true ultrcabyss.il constituents,  and pomita of assunii; that 

3. -laci-lis <:ere' established in various trenches a lonf; tins at;o. 

The schone, proposed by Kirkegar.ru /59/ for ultraabyascl Poly- 

chaets,  can ba. «ployed for ecological demarcation of hetero^enous 

members of the bottom population of the ultraabyse&l "one.    This auth- 

or distinguishes three following groups:  l) eurybathic and eur-theraic 

species, hrvin- probably a universal distribution,  2)_ eurybathic f-nd 

stenothemic species, having a wide distribution, but living at a tero- 

n«r».turs of A°0,  5) stenobathic and stenothemic species, wakin;; up the 

true "hadal,"  i. e., ultraabyssal,  fauna. 

The developnent of the problem of the origin of ultraabyssal 

fc.una is hindered by'the fnct thct it has not-been extensively studied, 

:nd    oninions expressed in this  respect represent insufficiently well 

to so* hypotheses.    Bmun /hi/ ascuraos thst the abyss and ultreabyss 

h?.vo been populated relatively recently by migrants from the bathyal 

and aublittoral.    On the basis of investigations of subfossilised abys- 

sal For^inif-era, he adaits the possibility of a considerable drop in 
,  ...... 

the temperature of deep-sea water during the ^reat glacistion,  which 

caused tho extinction of all pre-quartsmary abysscl fauna,  with the 

««option of its;o6at. euiyt&enaic .individual representatives which are 

preserved u? to this tine in the form of relics.    Later on a part of 
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bathyal and to sons extent of sublittoral species adapted to life in 

the depths of abyss and ovnr. of ultrr. abyss.    The colcl-lovinc inhabit- 

ants of the Arctic ap..c tl.c Antarctic uiy;rated thus nost ecsily.    Pruun 

points' out the substantial number of primitive archaic s;>ocics  in tho 

composition of bathyal fauna (e. j;.,  Lntir.ieria), end considers  the pre- 

sence of 3imil*r species in the abyss end ultrocbyss  the rosult of 

their secondary migration to ; rea ;er depth«. 

.volff expresses similar vieuc v/ith respect to ultra'_\bysi;al crus- 

tacean Isopodfi.    Me    establishes a closeness of nont endenic ultra- 

abyssal species with inhabitants of the ocean bed in the vicinity of   

trenches populated by then,  uhich confirms  the possibilit" of their re- 

cent settling in the tronchos.    Tho najority of crustacean Isopodc   are 

actually related to Antarctic and Arctic species,  v.'hich conforms  to 

Emun's  vie.-a  expressed inb-odiately above» 

These presentations ere not cenfiruod by thu available pelsocli- 

natolojical data,  according to which no sufficient bases  exist for re- 

cognition of strong; chru;.-3S in th» tamper'- ture of deep-sen v/ator nao?c3 

durinc the quartornary period.    Nevertheless,   the presence cf rccont 

settlors at groat ocean depths,  which    ire in addition populated by 

earlier-do«p-eca inhabitrnts,  causes no boubt3.    This circuttst"nca -ras 

first noted by A. ?..Andriynshcv /l,  jj/,  who distinguished in the con- 

position of deep-sea fish fauna  "ancient or true desp-3ca species, 
r 

pertaining to lower philo^enotic groups and deeply speciali-cd for 

conditions of life at dr'ths,   and secondary deop-sc-a species," ;'öahly 

differentia tod oyoto^itically fron the inhabitrnts of the continental 
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shelf,  and belonging; to philoconetic^lly young groups. 

It should be noted that suck 3econd>ry deep-sac species deocaad 

in n number of oaac-c  to t'vo ultras, bysc,   «here they trjuisfom into  true 

ultraabyns&l credos.    rb:act\y such are the most dsep-soa hottest fish 

Core^roctua ainbly^torsopaia An dr.  A/ rnd the raost deep-sea bottom 

mrf-i'.i    Anplyopa r3t'£T.a Birct.ct '.hchind. ,/ll/« 

1'owovor,   iu'v:i-.\;- by d:--tr    available at the present time,  the jrta- 

joi'it-' or  ir:b-bl-:...ntM of the abyss end ultmr.byöc  do not helon,:; to tie 

s,:coild.-r.y de-p-soa species,    Their 3yctoiuatic place and morphologic 

p-culicritios permit their böin;\ assigned,  with a sufficient decree of 

certünty,   Lc primary deep-sea speciss,   th--. early inhabitant.: of ;.. rest 

,;._■/.•.-y-•;,,    pa^: '^'lic • character of ntny -Abyssal yroups hao been eri'i'U'•* 

:::;i-2d by yHor.an in hie well-lraovm book"Coo;..;c£raphy of the Sai>n/W» 

Sxanplas f;ivpn.by this author on the ancieiit psoloyic a;;e of a consid- 

erable part of inhrbitvntf.'.' of the abyss may be suppler.-nted by data on 

z-^r. :^oc-oic. I;-/  vhe uell-knouu pal so -.toloyi-.t Pourlen /'',': i • 

Ocv:.aoriiV\:   tfae sya^onaaic  corporation of fossil and deep-sea crun- 

f/.-c-c'.i Dec-'.jioör,   Bw.rlon arrived at the conclusion that those? oninolc 

■ :;':.tl'-d at. yra^t deptha  predonin-ntly in the Upper Jurassic, Upper Cre- 

t"Ci?o'.'.ü,  o-.d' Upper 2oceno periods. 

ouffic:'■'::«+. reasons  thus  oxiH to recognize the early settlement 

of the abyss? «nd tho antiquity cf a substantial pert of its peculiar 

fauna.    As applied to the' ultr-a'a'bya'o,  this nuostion oust be put in & 

different nanncr.'   According to'V« V» Eelousov '/"6/,  island arcs and 

the acconricnyiny trenches 'represent a structure of the Alpine &£e. 
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In this    cp.se,  the settlement cf the ultraaby3:.al zone could h?ve be- 

fvm only fron the Tertiary period on.    In hamor " v/ith this  is the 

closoncsr. of nany ultras bye/.al c "rcies,   'or exsnple,   of cr.is':.acoan 

Isopod? /8,  81/,   tc abyssal *nc p-rtially even to batv.yal species* 

these specios did not succeed in significantly differentiating from 

their more shsllo-.-'-va.ter ancestors.    However,  as has been indicated 

previously,   tht ultraabycrr-l  zono is inhabited not only by 3>.*oi:l 

s?c-ci:;j  eo:~.:on to it,  but by special cent-ra rni ovar. fr'.iilioc as •.::;11, 

Two origin of these species of hiwh ti::onord.c rank is erd^u.^ic,  since 

the possibility of  their ccor-cnce    during thb brief period of o::ist- 

er.ee of deep ocean trenches is highly doubtful. 

Quantitative Distribution of Deep-see Bottom Fauna 

The development of a general presentation of the quantitative dis- 

tribution of livin,:; organisms  in the 'Jorld Ocean i3 of a ;.:reat- theo- 

retical  interest and hro a substantial practical importance.    General- 

ized schencs of distribution of the population donaity in the  Vorld 

Ocean,  pertaining,, to be true,  priuarij|y to  tho population of the pet- 

er „ic zone,  were proposed by Hentochel /W,  L. A.   /enkovich /21/,  end 

Svsrdrup /70/.    According to these schemes,  the greatest density is ob- 

served,  on one hend,  in the near~_polar regions of tho oceans,  end on 

the other,   in- the isnodiato vicinity of mainland shores, within limits 

of the continental shelf. 

Uith respect to tho quantitative abundance and distribution of 

botton fauna in the coastal shallows and.in the open parts of epicon- 

tinontal seas,  we possess at thi3 time rather considerable dr ta, ob- 
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tained for various regions.    Studied in greatest detail in this re- 

spect are the Danish waters, the Barents, Karskoya, and Y/hite Sees, 

certain   regions of our Par-Eastern seas,  the Black, Caspian, and Aral 

Soas, and the Sea of Azov.    A number of other regions, particularly 

some parts of the Mediterranean havo been explored with lesoer 

detail. 

The data on quantitative distribution of bottom fauna at depths 

of ebout 1000 m and more were up to recent times prectically absent. 

^ Only the expedition "Parsey" of the Stcte Ooeanozraphic Institute col- 

•^ looted in 1951 tvro dredging samples from depths of 800 and 1C00 m in 

the Greenland Sea west of the lledvezhiy Island,  and in 19*7 two dredg- 

ing samples were taken in the acme region at depths of 900 and 20CO m 

by the expedition vessel "Kashalot" of the Polar Marine Institute for 

Fisheries and Cceano-raphy.    The bionass of benthos et these depths 

equalled from 1.5 to 2.0 £:/m2 /20/. 

Broad quantitative explorations of the doep-soa bottom fauna of 

?N the V/orld Ocean -.rare made by the "Galathea" in 1950—1952,  by the 

**) "Yityaz'" in 1949—1955»  and by the "Ob«" in 1956. 

Ae "Galathea» expedition collected in vsrioua regions 60 ouant- 

it-tiv? drying samples from depths of 1000 to 6000 m, mid 5 sanples 

from depths * exceeding; 6000 /76/. Two samples, taken in the Banda Sea 

by the 0.2 BT grab from depths of 658O and 7280 m, contained 12 and 7 

enin^l specimens, respectively, weighing 2.5 and 0.7 3» «hich yisldfl 

for ouch depths rether hi^h biomass indicators of 12-5 M* 5*5 0/* • 

The sample    taken from thegreatest dspth (Philippines Trench, 
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■st;. 1C120 ta) contained only one holathuriciceura vei. hin/; 0.1 .■;,   -;hiuh cor- 

.. ,  .-     / ?.   /-,-, - r;•;••.or;si:   »o s   :n.os..r.Kn  o.  ^.'.; :;;/n    /!<./• 

•'$ ^o^'rc!'; //>/ ''.uotea very in~'..■!-..»£•:.::;:;;,  i-rvtc-. on deep-sea ■iru^;ir..vtiv.? 

■'; iny^tiy-tiouü of r.ho "GaL'treEx" nesr the ■;■.;,.: tern shores of Jh.u-toi-ic-l, 

."C;^ ■ x                     Afrie;   ( .clc  Co'M't,   OctfVjo,  /.nrol:).     In thos:?. r^'ions,   ly r',;* :c, ;in; V 

..;_ .^ 

si 

so: .■;-;.'»o  i/oro  th:on frovi ck-r/vhs cf hhC—5762 ;u«    Corresponuin;.. ■..; ta or. 

J 

cicr.y.nt  indicators. <".r-* sc;;:^r:Md in  iTjil-u 10.     It i.-r.  c!;ci-:..ctz^i.tsti?. 

thr t  iho io^-co.;'. fs'in'J  ir.  ".hia  ;;s.rt of   iho Atlantic Cc.:-P-ii,   "t  f.:-th"  of 

•',l -v            !■■;■:;.'   rhsr. i.-OCC n,   vrovaü *cc  bo rj.rrAitf;tivfL;v '.tuch •-•oorer  r,hr.r. in   t::c 
'   . ■)                                               '                          '                         ' 

/.un •...-■  >;.-!L-:  r-t tilths  excoedin,;  cCCC  ür.ö  ovsn 70C0 r.:«     Fcctuv-.i  c-tr. ;^r- 

te.'.^irv;   uc the rar.aLni:V.'  drocyhv, zcrsilvs  t.h-;en by the "isl-thee'." :r; 

no~ y-st •.vabli.;hu<:«. 

.r.uJi'.'  J.U 

ivic-.v.rsö  cf ciaop-sen.  b?.r.tho5  r. r^.r  '/ont^m S\-.C?:-.J.  of  fxn; tcri:.! 

;.fric- 

!                                             2ß.ii\:ü of f'iJ.ict.ii*-. '..i.~n2.           .-vo:.-:...'ö                          ■'■*'■'■: l<:v. 
! 

820-I0(H;                         I /.    ' r 

...30-3,8.!                       0,C~.1,1 

.1,0 
1.75 
1.57 

4 
0 
3 

■ ii 

In    .iduition to v^ry .-s\,vncro'.\>   lueütit:tiv;; dr.<;ü.,ir.y zr\-r.io^  '/rrri 

:'•.-:;.;   c.   los- jtiicn  10CC ;•.,   ths "Yit, v.zta  ccli^o'i.'.d in ^-.^ 7r.:--..^.::+.--m 

a■:••-■,-  •..■.-■•::  in  r,ha ncrth-^üt.-'i"  part of  z'r-.ä Pacific Cc;ar: £or->  t:::-.v;  17C 

sj,ch 32r.vÜ5.^ fro;:, de-:rcb.3  1CC0 tc 7^c6 :; (fatl'i S).    3io3e rjttoris-.?^-. 

',  . h. v;. been procossod by C. B. Mokiyovakiy />-2/ for the part eöjoinin:: 

■v 
th^ «^-sw  rations of tho 3or. of Japan j  his  atnoias o'ffor.'d-ta on 
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indicators of biom-ss Aid of quantity, andi on the systematic composi- 

tion of bottom fauna in the Sea of Japan at depths of more than 1000 nu 

A mop, showing the distribution of the total' biomass 0f benthos in 

the whole o.rea explored by the "Vityez1," has been compiled by a gror?' 

of members of the Benthos Laboratory of the Institute of Oceanography 

(Fig. 9)-as a result of processing the material collectied by the 

"Vityaz'j" this map was published in works of L. A. Zenkevich /2J/» 

and of L. A. Zenkevich and Z,  A. Filetova /28/. As can.be seen from 

f     y -V<fj 

Fig. 9. 'Quantitative distribution of bottom fauna in the Far- 

"Ämtern se'-s and in the adjoining part of the Pacific Ocean 

(in g/m2) /23A 

■his nap, the total biomsss of bottom fauna in the cosstal parts of 

the 3ea of Okhotsk and 6f the Bering Sea, and near the pacific shores 
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of ths Kamchatka,  reaches several hundred,  vnä in sone locations ox- 

ceeds  1000 g/m•    As one £oos farther freu ths see board and as the 

transition front subliitoral   to brthynl  takes »lo.ee,   tlie bimoss of 

benthos  diminishes gradually ovyr—vhero devm to several  tens cf :f/w» 

At depths of 10C0--5C00 n in the Bering See anc in tho Sei'  o£ Okhotsk, 

the biorie3.' of benthos decreases to 10—-20 z/n ,  and in the Sa«, of 

Japan 2von to 1.9—7 dM~»    In tho control parts decp-sea^fit* of oll 

three Far-Hastern Jess,   the bioaass full? do<Ti to 1 <;/n"",  ?.nc. in S'\rr3 

place3  to 0.1—C.2 zM'•     ThR only exception üre certain rr^ier.s ot 

the v/ostorn pan of tho Eoriiv; Sea (west fron tho submarine rid;;e of 
'S 

Shirshov), where the bioma3S öf benthos  roaches 5 g/cr- and more,  t?.nd 

especially that part of this i****, which adjoins tlia deep-sea honchrtka 

3trr.it.    Hare,  at a depth of noro then ACOO m,   the biocaas reaches 

;0 y/iii-, which is apparently explained by tho peculiarities of the 

hydrolo^ic    revise in the region of the Kanchatka Strait,  vrhich favor 

the increase in productivity of the bottom fauna. 

In tho north-western part of tho Pacific Ocean,   a narrow strip 

with a bionc3?i of benthos exceeding 10 r./rs.    stretchos olonj; tho shal- 

lows bordering tho Zurile inland arc,  the erstem const of the Knnchr t- 

ka,  and the Aleutian island arc.    In the direction of the open ocean, 

co    one moves^ sway from tho co'.et,   a r^raduel decrease of tho bionrss 

ia observed.    In the most remote regions of the explored part of the 

ocean (south fron 2>° H.  Lat.),  at depths of the order of 5000 n,  the 
its 

bottom fauna if quantitatively wtremely poor aid,biomasc io expressed 

in terms of 100 mg/cr" and less. 

/ 
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It is highly interesting that at depths substantially greater . 

than these of the ocean bed, in the Kurilo-Kanchatskaya and Aleutian 

Trenches, the biomass of benthos is higher than at lessor depths of 

,much remoter open parts of the ocean. Thus, for example, "Vityaz'*. 

took in 1955 a dredging sample at a depth of 6$58 M near the southern 
i 

tip of Kamchatka in the Kurilo-Kazachatskaya Trench, which yielded a      ! 
p 

bioiaa33 indicator of ?.42 g/m".    In the same year,  dredging samples 

were token, at two stations in the Aleutian Trench,  at depths of 6M6Q m 

(across from the Mednyy Island) and JZ&6 m (across from the Attu Is« 

land).    The biomass of benthos at::.these stations was 0.4 g/m ;. arid 

2 1 
0.56 g/a .  The utilization of the trawlograph during sweepings of 

the •Vltyaä*'* "in:, the Kuril -Kamchat '   Trench permitted of maldng a 

quantitative -estimate of collections obtained at various depths, up 

to the maximum /27/. 'fliese data (Tabln 11) also testify about the 

greater quantitative abundance of bottom fauna of the ultraabyssal 

1  The sample from 7286 m contained 20 speoimena of small Polychneta, 

2 bivalves, 1 small crustacean of the Oumacea order and 1 tiny 

Ophiuröideum, weighing together only 0.14 g, which corresponds to 

a biomass of O.56 g/m2. In addition, the sample disclosed 1 large 

Echiuroideum weighing 10.1 g. One should take,into-account, how*.- 

ever, ihat-auch large organisms lare^ collepted by grabs at great 

depths very infrequently. A mechanical accounting for the weight 

of such an orgenisa. per square meter would therefore undoubtedly 

a 
produce greatly exaggerated biomass indicator, incongruent with 

reality, < 
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trench rather than of the abyss of opon oceanic spaces» 

The solution Tor the relatively high indicators of bottom fauna 

birtif.s:. in the ultr.-aby~e of trenches should bo apparently courht in 

the closeness of trenches to shores and in the abundrnt drift of or- 

ganic matter in the direction of their depths. 

Table 11 

'■Change in total bioriass of b^nthoc in the Kurile-Kamohstka 

fro-rich with reov>ect to incrar.ße of depth,  according to data 

of 3Weö3in£ hauls 

Depth in a        ■ Sioaass  in zM" 

^     Ran.e of flucturtiens Avsra;, © 

Number of :vjocp- 

in^ haul3 

«.71 4070 
5<iT0—7230 
8330-9!t.10 

3.45—14,88 
0,68-2,47 
0,05-0,513 

6,M 

0,32 

It is necessary to not-- that the bioir.rc.ui  indie: tore obtained re- 

cording.;  to sweeping hnuls as well as eccordinr; tc drcd.-iii;.; aa-v/l'.'-c. for 

.reat depths should be considered soiaowhat reduced,   since t/.e tra-1 

ails  to catch the smallest iw^rosaritativr.-o of the deep-aer. benthoo, 

Viiile t>? :,;rrb, vi .h  r.'-ro e.:-:e-\;'iionc, 

eor.-.u:-;.   w.ziv coxonie:" 

■.lot 3oi:-.::■  lar^e ar.lv..r.ia, 

■c-rv v;:'.d.:ly disported.    In 

•addition,, one should- bear in -.viind uiet no r.ot: ode perrüittin,'-: "-'■■''■'  ao;.rel- 

ation of üupty shells of Joraainifera fron liv« speeiaone in the ea:c?le, 

and .-'.ecoüntinp for the bionass of the letter, whose rolo in the  total 

.bio:*.:■:;.' of doop-soa bentho3  i3 undoubtedly vnry significant,  hra as 

yet been developed. 

The Antarctic expedition of the Academy cf Sciences of tho U.S. 
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S» R. on the "Obia rar?do in 1956 doep-soa dredging collections in the 

v/r tars of the Antarctic fro* the'Davis Sea to .Ealleny Islrnds south 

of 64* 3.  Lat.'(ll sar.plea from depths of 1CC0—?200 * and in various 

re;;icr.S  of the Indien Ocean (9 sr.r.'.ples  frc::i deaths  of  1CCC—;--;00 :::). 

As G. !■!• Eely^yev'and P. V. Ushakov /7/ point out,  indicators of the 

biomass of benthos fluctuate in the /ntnrctic waters at depths of 

ICCC-^OO ai fron Ö.54 to 2.£ g/a ,  and sr.ount on the avert. u,e to 1.? 

C/vf-, ~hich is several  tis^s as., snail as the indicators for the ntue 

depths  in various other rs;;ic.r.3,   particularly in the Fr.r-'-zstcrp.  tr'.s, 

but only inconsiderable snail or than biomas3' values 'charscteristic of 

similar depths near the v;ostern shores of E'-.uHorisl Afric?.. 

Sptfrck /7o/ points' out that the value of tlio bicraasfs of benthos 

et recixiacBs oc^an depths nay be taken as  bein/;: in the vicinity of 1 >;/n . 

A   ' comparison of d~ta cccicnulitod u? to this tine permits of approach- 

ing the estimate of the ousntitative abundance of the bottom fauna of 

oc-.en depths  in c rcoro riifferor.ticted scanner. 

The öoaf.. . . general  regularity,   which first of all d.-;ter-iin:-3 

the quantitative distribution of the bottom fnuna fron the corctal sub- 

littoral son« to the deepest parts of tha ocean,   ic  the d.-.cr-ase of the 

total  bio:r.aso of benthos \iith respect to  incrscso in the do;jth.    At 

<'rcator ocean,'depths another factor comes  into plcy,   i»  <?.,   U12 renoto- 

nass froa continental shores. "Still in 16?^ Murray /6?/ noticed the 

£reet importance- of the ronoteness of a ^iven part of the see. floor 

fron the shores, which determines the"supply of the hotter, fauna vri. th 

nutritive materials of a tarrefitriel or coastal origin«    In i      sub- 



sequent yeers other authors /2J,  49,  52/ expressed similer views  in 

various ways, while at the present tine they are fully confirrnod by 

concrete d"ta of quantitative explorations  of the deep-scr. hotter1, 

fauns• 

The vast wat:>r area of the Pacific Ocean,  the remoteness from 

continents, a substantial distribution of rod clays which posses?IT 

a hi, h radioactivity,  ar.d a relatively snail river disease (larj-e 

Asiatic rivers are separated from trie ocean by island arcs) of for a 

b'isia for assumption that the bottom population of open areas of the 

Pacific Ocean will prove to be quantitrtively poorer fa MI in the Ai>- 

lantic Ocean.    On the other hand, we  can expect precisely in the Pa- 

cific Ocean the occurrence of greatest abundance of life in naxinum 

ocean deaths,  inasmuch an the majority of desp-ssa trenches,  situated 

in the icmiedieto vicinity of continents  and island arcs,  ar; loc t.*d 

here. 

As  could hfve been observed,   the data on qualitative a/.d quanti- 

tative distribution of the bottor. fauna ox" t'.ie ocean bed ■ ".a of deep- 

sea ocean trenche3 arr* still vary v.cvpor.    However,  their value is  in- 

disputable not only with respect to eh.-ractoriä tics of fauna of a have 
also 

and very peculiar area of the biosphere,   but with respect to character- 

istics  e".' the liya pcpuletion of regions  of u:reat depths,  under '.:ho..:o 

iia.iedia.tc- "control"   :. ho accumulation rffLocr    deposit!: tah^s plsce. 

"oth according 'to its systematic composition  :nd according to its  bic- 

jecch-ivical c-icL   .uai'ititrtivc indicators,  thi3 fauna . .sp bo an import- 

ant, indica-vor ci  clecp-3ec deposits,   for which we hove still no re- 
liable characteristics. 
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