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.. PREFACE Lo

The ‘time is now ripe to ‘summarize our knowledgo of the

Ty

‘seas and oceana.

uuring the 1aat ten years, after an 1ntsrruption of 1ike

duratzon cansed by the Morld War and by the firat yeare of the

postwar period, we observe a broad and prolific development of

3

7 oceanovraphic researoh, both in individual countnioa, as well as

in the international plane.
 This new upsurge in the development of oceanopraphic re-
searcn is produced. by several causes: first of all by a wish teo

exploit the industrial resources of ocean areas which are remote

" £rom land, and which;'until“recéntly, were almost untouched by

"research; elso bv the ur,ent need to widen tne sea anu air lanes

.
R

across the oceans.

i
.

aimultaneously, engineering developments have ‘mede it pose=
sible to apyly new study methoda, primarily to the ocean floor

relief, bottom deposits, biological production processes, ocean

—L e




is the coauthor of two articlee.

~§&amw«wg
‘A";a?%» Ww

water circulation, etc.

~'gigc use of the isotope method in all fields of oceanoclogy,
to determine the rate of processes which occur in the oceans, the
chronology of past processes and of paleoclimatological and pal-
eiogeographic reconstruction is opening much.greater opvortuni-
ties to the study of the history of the oceans to oceanographers,
and thus, at the same time, of the nistory of the earth's crust
in general, The compietion of a ;efy lgége undertaking -- the
Third Internaticnal Geophysical'year (1957/58), whose program
encompasses all the oceans, is extremely important to the deve~ \
lopment of oceanographic research_in thehmoat.recont times.

The study of the ocean depth zones attracts special atten-
tion, and 1t should prove very productive to many fields of the
geological and geographic group of aciencea.

It is impossible to compress into one volume the results of

research of recent yeare in all ditferent fields. Tods collectzon

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

logy of the ocean depths.

— ~

Subs ‘quent collections on the results of oceanographic re- “Tf
ssarch, will shed light on achievements in other fields of ocea~
nology.

The article "Pogonopnora and Their Distribution" is by the
coworker af’ the Institute of Zoology Acad Sei USSR, A.I. Ivunov.

The other articles are by coworkers of the Inst1tute of Oceano- ‘
graphy Acad Sc USSR. Ya. A. Birshteyn of Moscow State Univereity

coae e
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 THE-OCEAN- DEPTHS A8 A SUBJECT OF srun! | .
, . 4. by
L. A. Zenkovich, A. P. Lisitsyn and G. B. Udintaov
The prohlon of study1ng the ocean deptha and of the living

organisms living in thea hua.Aw;th%p the past ten years, assumed

a central place ;nwphpveysten‘p; gqploggcg;kand gqggrqphic acien~

Yo e

Thia new tield of oceanology lina to aolvo a nunbor of nn-

mclarified and dobut&blo problona of tho geology and history of
rAthe oceans, and thon to make a closer approach toward a solution
" af the ganeral problanb of Palaogeology, palodsoochoniatry, pa=~
‘leogeography,- paleoclimatology and paleobiology.

Oceanocloglsts are most interested in problems of the forma-

tion of marine deposits, water circulation, and zoogeography of

the deep-sea sone, but the study of doep-sea bottom deposits in

the oceans 1@!?95.911 ;ho{oghor‘prpbleus.bohind by its import;nco.

Diftarent“nou_qgghodg were used in the study of ocean depths

~— N

in rooent years.: ——

Plumb linon of difforent design unod in noanuring depths un-

til rcccntly. did not mnkc it posaiblo to ‘cover the ocean floor

with a dense qnough*ndtwark of proboa for technical’ reaaona,

'3Each“iipnrat0 ﬁ§uad1nsﬁroqﬁibadwutoppins‘thb;vosselrtor a consi-

derable length of time. Echo sounding devices made it poseible

-t e
PR - -t




to make an uninterrupted recording of the hottom profile without

.stopping the ship and to make much more frequent measurements of

individual depths wit:out loss of additicnal time, The first twenty-
five years of the use of self-recordiing sounding devices breught a

mumbar of important discoveries. Contrary to the earlier concepts

| that the ocean bed was a "plain," it was found that. it nas a very

complicat.ed profile. Many underwater mountain ranges were discovered,
also deepwater depressions and trenches penetrating the core cf the
earth 5 to 6 km below the lev-l of the ocean bed, A study of the lo-
cation of.‘ ’ohese fomatlons at the ocean bot tom is of great interest,
An accuraj:-e bat‘w;vn‘etric chart Qf the world's oceans will alor}e lead
us to the solution of many problems of geotecﬁohics and of the his-
tbry of ﬁhe ocean and the earth's crust hicldén _uﬁderneat‘-. ites surface,
Ye can fullj agree witv the opinion of Academician A, Y, cavari tskiy
that the Stud;" of the Pacifie Jccan on the widest nossible scale is
one of the most important problems facing all studies of the carth,

ard that it is impossible to uncuerstand the formation of the earih

'in general, its cortinents and seas, without solving the problem of

the orizin of the Pacific Ocean, This problem, in turn, is inextricasly

" associated witb a whole rangs of the profoundest and most fundamental
'vrnblems of geoph/sics, g,polvgy and cosmogony. The tasks facing the

, s-rudv of the earth, in the 1lis»t of resnarch of t‘w outskirts of the

Pacific Oc4e>an_,} said he, are indeed unlimited,

Seismic methods have been used in recent yesars in marine ta.,km.qu'
to determine the thickness of deposits on ocean botioms, and there

- —.'- h

-
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i{s reason to believe that after the removal of a mumber of difficul-

ties, seismic séunding; will not only reveal the ovar-éll thickness
of xean deposits, both porous as well as coﬁﬁerted, hut witl =lse
ﬂrn\r-.“e intices of its nzture and etra’clflnatior.

It is hnr"Ty nossible 4o overestinate the iv'ﬁortance of crarting :
t'm tni"knefs and nature of the entire meas of hottom r‘eposi‘:-s of Lhe
world s oczans with respect to the pro‘al em of the bistory of .the up=-
per otrata of the earth!s crust, The éharting‘mir;ﬁt shed light on the
rclative age of the occans and *heir narts, on paleogeograpnic recon-
etruction of cceans and ccntinents, on the thoov'y of drift ani the
theory of constancfr of continents and oceans, on the enigma of Atlane
£13 and uondwana, on the histor:,r of the ocean level, and on wuch more
which remains obscure in t‘w history of the ooéans.

Along rith this, "“hf‘ ;rvmr iva ideas of occ.annuraphers try to
dsvelop devices for a desp penetration of t‘he mass of bottom deposits,
At the oresemt timo, hydrostatic am geological mction soil tnbes
malce it possible to take samples of zoil several wmeters in length (on
nVityaz'' soil columns were ébtained up to 3 m long), One can hardly
Joubt that within the near future it will e possible to obtain soil
cul mn% in tens of meters an-d perhaps over lCOI Me 1t is miite possible
that drl lin;‘g .0f wotton deposits will be done with outomatie -Arills
rlaced on the hottom, and this will coneiv’erablr inerange the lrngth ‘
ol eoil monoliths, This nethod will ~ake it '70331‘:'\0 to uncover the
proce;qes of sadm«arrt.abim w‘-:.c‘n took rlace *ens of milliuns years

ago in remote parts of oceans, far {rom shorns. G«-o‘lo “ical, chemical

e
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_and bicloglcal analyses of these monoliths will uncover changes in

the characteristics of the history of thé ocean and of its surface,
chrnges in totdl salinity, salt cormposition, poyulation composition,
temperature rekime and climate of the ocean. Iﬁ is periectly obvious
that all these indices and their aystem were changing in timé and we
are now already in possession of very promising methods of their pa-
1eochronologi§al recording by the isotopa method,

For the purposes mentioned zbove, the bottom deposits, containing
moisture and 2 relatively undisturbed nature of stratifination through-
out their immense extent, represemt a particulerly valuable ob,;]eot of

study. Their zrowth, measured in tens of millions of years, i a suf-

ficiently long time to help us understand many aspecté o the processas

of diagenssis occurring within the bottom deposite,

Many branches of +he geological, reo racrie, hiclogicel and antlro-
pological cycle are experiencing an urgent. need of palecclimatic re-
constru~tion, As a subject of study, the hotiom ocean deposits and all

ihat they contain play the main part in climate reccnstruction of past

‘geologlcal epochs, . method of reconstruction of paleotemperatures by

means of correlaﬂng cuyman isohopes has been der~lcped bir the (ceanc-
gracvhic Institution in the U,3,%. several years az0, Metinsvisred for
its high accurgey, the method represents ra.very valuable contribution
in this respc;ct.

One of “the most important. prouleme of morlern physical oceanomraphy
« the rate of circnlation of deep water masres of th‘e oceane == i3 at

L4

~resent being erxplained in cont-radictcry terms,

_— 5
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"«.obtained by meams:of the dyriamic method and: diroot M‘tm,n

German researchers;: proceeding on the basia et w  '

ozme to the eonclusion of Wigh velooity of ocean water oi:culttiwi;:"~‘
" ineluding desp Water, approxhnatély within a:per.iod of 10 to 15 .
 years, American ocsanographers on the other hand, An determining
" thé "age" of ‘Individusl water masses of fhe oceans; came to the come

" glusion that separate ocean regions- and ‘their waters have an "aga"

of hundreds and thousands of years, Thie problem is. at present not

- only of .theoretical, but of & .doubly practical interest, since the
“"‘*) . :+ development of. nuc’].’éar-"-atomic-= industry poses the question of a pose

- .gihility of- uamg the. ocean deptha, and particularly deepuater dep-

-vasglonsy far 'bhe &'burial" of: imhxstr:lal -atomie waste, However, the

tcirculati‘on.of'-thc water masses or.t,he oceans 13 of importance not

only in thid wespect. In order to understand. the-phenomena occurriné,
. +in the oceans on a world scale, it-ds necessary to.lmow the direc-

- #ions md valocities of the civculetion of water masses both in the

horizontal ‘end-inthe vertical -directlion, Whereas, concerning the

“surface layerj-the nature of c¢irculation is at present well known,

- moncerning deep wzters there is stil1l mch remaining-unclsoar and

*andetarminedgios om0 DL e R

,  The 1iving world which inhabits the ocean depths is a very ime

- portsnt subject’ of . study. The distinct peculiarities of despwatar
. fauna are Welhg explained, These peculiarities £ind expression prie

- owmaridy in 145" texonohnic isolation, In recatd years abundant materidl

“hes bosh collaected in the Pacifis: Ocean, mainly by "Vitynz!" of the

-



,"pogdnophora'-grmxp, a new animal group of a subtype or.even of a

' type which'does not {23 a rule) irhabit small depths. At the present
time revresent2tivas of tris group “ave 1.5.1:9;.-rise,been found in the
depths ‘of Lhe uilantic Ocean, but the basic variety (more than twonty
£avms,tleinds, Tanilies and orders; was disnovered in the northwestern
ipart '6f the Panific Ocean. The pogorophora group is very close to, or
‘even i part of the chordate type of animals 2nd pousicces features of
great antiquity and primitivity,

Danish zoologiets recently discovered in material collected by
| "Gaiatea" in the equatofial waters: of the Pacific Ucaan at depths bete )
© ween 3,000 and 1,000 m, specimens of a new and very ancient class of
mollusks. In general, -deepwater fauna is characterized by considersble
antiquity and prinitivity, alt*ough there are some cpinions of it as
late fauna, A future study of the rmaterial will clarify this iszue, The
paleotomperature of deep waters of the ocean is of gzreat importance in
tris corncction, . The problem of the age of deepwater fmuna would decome
ruch clearer, if it could be proved that during the-course of a series
o2 zeolonical periods, the deepwater zone possessed a low temperature, '
¢lose to the present (under 20) s and, which-is the same t'ing, that the
climatic zones on the terrestrial globe were of long furation and waters
in the deops were also formed in the subpolar reglons earlier, as today, '

‘The point ie that the nature of distriution of despwater fauna is by no

- "means unifofm, and there is reason to assume that it bears the imprint

“of the drography of the ocean abyss of: earlier geological epochs vhose
age s proporticnal to their depth. Great interest from this point of

8

aame | —

Vi 2l



A

-
7

S5

——

A\
giow is pressrbed By the Pmma of tho :zltra-a‘ws:ssd zons {deeper than . \

6,000 m) waich occuples ordy L7 ol the ocean hobtom, which is  taxcnse

mically isolated with sulficient clarity {rom the fauna of “he ouaan
bed at mormal deoths ( 5‘&06 ), »ra w‘leb posscsses substanbial

‘ - . k3
differencez in each cceanic donressior, A study ¢ 4he geolopieal ~ge

of this fauna vwhich 1s ccattered among ‘WIferunt deepwater depressions,

and i%s comparison with the age of *he Juprezcions, van provide very
valuable in’ications of the aze of inlividual parts of the cesan bed
and ¢2 in(ii*fir!url details ol ihs srelile, '.l'*‘xﬁs,',for example, tha 25e
of the meridional oceanic v idges can he ~mnh§$i’i'ed with the age of iso-
1ated d«,t,pxr....or fauna on bot» sides of trese rldzes, The aga ~stimnta
ef the depree S.E toronenice isolation of deermat.er" fauna on hoth sides

of the Central American shelf can he conpared with 93t of tha ohalf

e porulation 2f the zasc of deep raters, hoth welagic -md “ot-

tom, 1 a fire, waliilsteral =nd poverf 1 indicator of all srosesces

takirg ploce in +ha ocean depths, of all chemical snd phrsinal preper-

ties of the water masses, which nlso takes irto account their historie

cal chx n~e~s.

A1l wt at hes boon said above polnts to another prouliavity of

dee r'at.er recearch of the ocean, which eharactorizes aceanoprapny as
s ’ Y

‘a whole: tha deep interconnzction and uomnlaxi*y of *he rocleme rosed,

¢f the metrods ol thelir e~lution, and of the use to he made of tha
]

2]

resulis ohtained,

Descrivtions of the odcans reach back to times of antiquity and




for many ccnturies they ware of 2 rurely zeonraphic nature, Zarly din ¢

the 19th contury snicniicts hecame inberested alse in 4h¢ underwmater

werld of Lhe ccean, tut it wes not until the Snglish exaeditior on the

ship "Challsnger" ("°'{? to 3"‘7‘ £rgh aqugeess war retieved in nonet e

tihg the secrete of the ocean Jeptha. luring the ;o-:‘:--c‘nallrmger pericd
a purber of expeditions ware organizea Jlor k- pu:'pcce of stud;ring the
Moor n? the ocean, rut the greatest depths {orar 5,000 m) were hardly
touchsd by obenrvaticns.

The last ten years wers very successiul in the study of Awr £200-
wnter zone of tho oceans, .. mimber of deeywater axpellticns vorving 2l
most simvltznerusly, and the new methods used %y them {rameddintely shotred
tra enormous value of the orean derths as a subject of study; th: oceun
derths were as il "discovered anev'' by these imvestigations.

Juring the ’;-Yérld Har I1 voricd the techn cues of nceanorraphic re-
search made a great forward Leap in comnecticn with the needs of navies,
A mrber of completely new devices made their appearance, and many devi-

ces vhich existed hefors -ter: raiically impraved, Thus, for axample, the

arpesrad new rudlo engincering means of cooriir~+ion: loran, shoran, the -

Nactroric porition locator snd radar wiich mede it vossitle 4n ronsidc-
rably inercase the aceuracy of rlotting the rosition ol 4 g4ip; thormo-

tothygraphs, automatis geomagnetic current racorders whinh made it pooe
v J ol 3 > M
)

eible to determine surface curramts while the ship was in 'notion' autoe
£}

nmnbie salirity recorders, Adro-ncountics locators, apd nany strer ‘e

vinss, Ultrasonic sounding Jdevices were v dically i'qproved and thplr

rower and acecuracy ware sreatly increased,

-.10 _
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Yew scienvific and engineering equipnent of the expedition ghips:

made it possivle to uncertaks sround-themworld expeditions at 2 new
and ouslitabively higher level, Along with this, there -rere much
hizher prastical Jemends, In particular cn the part of nsvization,
the fishirg induﬂb‘r,.aﬁd navsl Sorc:za, Wide conquest of *re worldss
oceans 1s going on at the present time, and nct mavely of their sué-
face, hub 21%0 of the denths, 'ants econonic 1ctivities @qe ro lonzer
:o531ned to +he conruest of inland =ni nedg Waoring qea.s, ut 1z sorea-
ding more and mors 4o Lhe e.ntral areas of cceans, [nds recuires the
moat, serious and multilzderal stady o? the noture of the nczanc,

During the past ten years three *gjcr forai-n scierntifin around-
the-world voyages have henn coaploteds the Svedith arpaditicn of f9&7
and 1502 on the Miibatross," the Denich of 1550-1957 on the ";alatAn,"
and the Snglish of 1950-1352 on the "Challenger," Humercus {over 25
major voyazas) and prelific voyages were completed by the Soviet sclen-
1 74c-research expedition ship "Vityaz'* (LSLS to 1558)

Chronolcgically, the Swadish axpedition on the W batwosat was the
Prst (Fiz. 1)e It was organived by the gotchorg Cceansarzntie Institut:
mainly by pRivats centributions, The expedition wns 2zreied oub an a2
ship of a vrivate shipbuil iing ccrcern, the saﬂling motor schooner
nilhatrosz,” with a displacenent of 1,L5C tonse The holds ~nd comparte

)

ments of the ".lbatross® were converted to laborztories wmi living cuar-

ters for 10 to )» scientist3, Sinmte the expetitiorn was going to the
trepics, the sh ip was equipped with air-cowi*tioninp and with q“=cial

refrizeration to preserve spacimens, The expedition wag nluﬂned Sor

~-H* 2



: Al

A

werk mastly at groad ccean depths and IZer this vurtoze 1 was cquipped

'ifﬁ a “uﬁb ? new devi ces. ve mast mention A new ooweriul olantrile

- ] b PRI ) q . - PR SRR, B , - y B
hodiat foo Yovering il preobas ant tradls and s hoavy suchion fvee e

sigred hy Fullenharg Jer crauine coluans of sea Jerordte 19 to U =

long, The expedition possessed a new aun omatLu sounding evice for work

st depths grenter than 7,700 m, as well ee is ¢ apparatus of the

The farous Svedish anosnographer liano Cattorssmiras ehiel of tre

arnzdqtion, Cormanding the ship was Capbain N, ¥ralft, Ta%inz perh in

53

the zxpelition wern rofecsors Velhl, ul ﬂnerh,' “rlev, ;o;?j, Tibelin

and otrers
The wmain Turpose of the "ilhatross" enwiiition was to ohtaln Tong

ceivrme of fee scdluent in the orustorial woglon, in the 2one of conver-

gernce onid Qivergence, in adutbion one of ‘Ye taskes of the evpedition vas
= B 2
te study the reliel’ of the ncearn flosr % means ¢f an arbomatie sounting

“evire slemg the ertire itinersrys, entcial Mylvceoptiszel revsaveh, hiriroe

aheriesd ohturveticne, and in pasticulsr Actermirabion of urarlen and
rauts: cspbont in fea water, Finally, the expedition cos to investiate
tke soyssal Jauna in the NAary® Atlantic,

Thwe "-\1}"1*‘1'3"5" zailed frov Gote borg on J\AJJ -1’ 10"7’ vas at cea
Tov n pcriod of 17 morthe, and returned %o Gotehorg on Geteher 3, 17W8,
t

The itiner~wy of 4h . amedition (ce2 flz. )

A

vas as £0)lowe: lahoborg -

c

- ”;r‘lnlw)e e TANAMA w= unla 208 151ands == Tahit] e Vowali e

?kiliprines w= T2vg == Sccos [elangs «- Serlon -- Serrhelles Islande -

= iden ~e Snez Jangl e gibralber -e Capgn Verde ISTANGS =e Jernanco

L 4



Fig. 1. "Albatroce" == ship of the “wedish arcund

the world expadition of 19%7-1948,

de Noronma == 'fest Indies =~ Dermuda iflonds -- doteborg,
hen thz expedition was completed, the material gathered was pros
cessad by the entire staff of the Got-borg Uceanographic Institute, In

gddition, -some material wac turned over to other sclentific institue

¢

13

— amsatg




TN
gera

Sewl

tions in Sweden, as well as whgland, Ueu.l.e, “ost Gormany and dustria,

It wras hwoped that prozessing; of the muterial coliicted »y thn swnaldition
would hae tua to thros rears, lowevar, it is not finlshed to this day,
and will rrou-rly scothirue for cever 1 mor: ycurss Neveriheless, rum:-

1

rous articlog eyl flvorgy mmpearivg In nr ’Z‘b, se‘»;ting Joveh the tagic

e

selentifin hieverrte of the "Albat.rosﬂ' éﬁtpe"ition, as well 2y "epa-

rabe volunes 27 vearbe on compl: ~+eu, ac ion_».

e cite the “rsin colentifie r(«ulta of tha mpﬂf!itlon.

1. o Dirst detailed data wore ostdined on e complnk dillerentis-
19 p.w\. n
tion of the ocean iloor at depthe 'bntween 5 ,OJ) and 7,"00 rn, ""e infornze

i ¢

+ion about Hhe exictonte of e gon p “s.lf raliet‘ floor of the ocean ic

v

of particular interest, =~ 7 o

e A 1.:»rc'!.i;ainary,iithélogica?. s;ﬁp';l_y ci‘long cclums of seil “as bean
made, their botal lengbh reaches 1,605 n \?u: colwmnz); *hr presinee of
san’, grehlelzs has ’héen' found at ‘,z;é“': denths and at an immeanse {istance

‘e

from thve cource of their enbeys. This is a_ssgci:z‘r,ed with the trancmission
el sands by arbulent currnnts, and with varioug m'oces.,es of authizenie
nmineral formation. Yew and interesting data wvere alco obtaired on unders
ater orosion, 8 well as eon the chemieal interaction betuween sediments
and dottom va‘_bers.

2, 4 study of the nmisroflora and microfauns has heen made, sMmrogia
mabely evary 10 em of the lorg columns, The resulic of th> [mvort Liallons,
conducdad Ty Pledger, Schott, Riedel, Ovey and Wisewan, =r »y other
rezearchers, Indicate that in tho geological past there have been cube

stantial charges of physico-gecogranniedl conditions in the equatorial

_..1)‘ J—

Vi sl



region of ¥ho cceann, in 2olunps talen i ther sones of corvergence - i

nnd divermnes, Lhare is a partioulanly neticxeile selirent stratifle
gcabion due to ~he-appenrance &f narmapous shreaks of Sovanintfevous
sanda Regions wars alse 4 %"ccve“c:q there ho aldenth of noarly w.,mg:’{
from the bottor ~urface sedlaents 2ra not abtratifisd wnd.vermerofbed:
only by red olave. 'm‘ raitolarian #41%, "Taking into acfount the Jog. .
sedinentation rate 4ir these reglons, 0 Tatbnrson halliaves thal ved

-

elnr hagan Soraing hewween 1T and 30 millidn vears ano; 1,4, warly

Cue” Investisations weder madar f th minera) ozisal wmd gremlonstrie
stimweture of colums, 48 a »esult of whleh -numerous horicone Al.whles-

wie esh “rers Al o*femu wleh vy casonottted Wit early wWistorieal cend
e

p“'E} i"‘"o*“ic&ﬂ. e;"‘uu.-ionn.. k o " . TR - : U LR
e investisations wers made in the groa of radioactivityr of ous

. N . v
watey and faciments; orovicuslrimeorm Indamation vas enlurzed Up

tomegrming b druwetioaily censtant urarium content, in Tuowetsy ee

- "
Pl LR S "',f (23 PO . . . .
(a3 X I07g Glon }, snd nonuening radiwa covtent of zca waber, T

covplall Alstrivutizn of radium 4lony vh: vertioal in colurmne *as hHeen

plariltind, on the masis ol wileh 43 can W& assumed thab radium mizretes

ina vertieal 4l rection, “nd for this raason diredt detorminadtion 'c-i‘
radit 18 unsuitavie for an. axplanzbianTed the ahgoluterage of zoil,

This i s“euall\r i portany ‘in.commection with 4he -fact that Jomerjcan

asaarchars widely use the Lrry melhod in Zetsrairing the gbsndluter.

az2 of 4adiments accordinz to radiie sontant,” In:order te déberminre:

thair aheolube age in.the light’ of results c¥tazired,: the thorium -and




ioniun methods are now used,

.6, Cn tha basis of the =tudy of microflors and microfeurs, and

also hy means of radioactiva measurcments, it was ascertained that

thd sedimentation rate in the Pacific Ocean fluctuates from 1 rm

per 1,000 years for red olays to 15 to' 25 mm per 1,0C0 vears for v
caleilerous eilt, In the Mediterranean the sedimentation rate has

heen calewlated to he 100 mm and more per 1,000 years. The radio-

szrbon method vas used in these determinations in particular,

7, Scismic studies according to the "Teib‘; metiicd made it pos- o N

. ¢lble to determina the maximum thiclmess of sediments, eoual o 3,500 m,
_4n the sastern Atlantic between Madoira and the Hiddle Atlantic Range,

In the open narts of the Tacific and Indian Ccean the reflucting sire

face is located at depths of several hurdred meters below the floor

surfece, It 1s possible that the rellectin: mrface represents an

interlayer of lava, This conclusion wae conlirmed by suhremuent data

af Amorican and British axprditions,

8. T fdrst attempts to measure the zacthermic mradlent on the L
scean fleor unlectzkeon hy “he avpaditlion provided an i°-- ~f its megnie
tuig, an the central part of the 7acifie Jcran near the .quator, at a
S-S AT 4 h,h“Q m, the temperature inerzascs kyr 19 ir somctrating the
sedinent 21 m., £n the western part of the Facific Ccean, at A epth of
‘54300 mothe increase of temperature cf lo--is observed abt A denth of 26 m, .
in-the Indisn Ucean, between the Uocos Islands an'’ Christmas Island,

. i
bhe. zvadiert reaches the immense magnitude of L m, .. conclusion has

been-reached that the thermal current at the ocean floor ic almdst as
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9, Biol o.c,:.cal rt.‘c’ies, male Loard tha end of ,?ﬁié'vs"ae?e in tke

3 -rrm*rp

Atlantic, s in’igate that' tvere *" 1ifr> at de*‘ﬂ'u vp o ',5'30 m. The

traling depth rﬂaciwd Yy "ilbatross? evheedsd the 'redc;-".i derty of
brmaling 50 £,500 m w‘; By sha” sipedision of +he Prince of T'anace by’
[ J 14

1,400 =, Ik 16 “inberasting bs note 16 this conmection that Sovieh investi-
\-"-*-("'« gators coovied out tradls ot depthe in ¢xecess of 9,000 as early as 129,

10, [Iriro-optical investizations b msant 6f the sndallmetris mathod

: ‘made it possivle to pr “1de ouentitative diteraminaiions of mspenled matm
3 .
&

_ SR T O "
ter in ul.n.. mae. oi‘ om.’m watnre and to determine the gsenee of rmumerous

n R S AT e ' L «' «_" -‘1’;'. - . nep S DR
giouds o0 mad in the ocemns,

".Z;’r";i.n ten monthe efter the o 'L'Liiovz of t*-e" " “1ha tro&"" to; age, the

S ehip "Wits faa"‘ '(Ir"i"év'.' 27 hegan i'r,a trves ti-a+ 1on of‘ t.hh Far Ias tprn wabers
‘ J e/ 0

.

"'of‘ the USSR ;ani of‘ thP ‘w:)mmt part.e o“ 'hhp "‘ari"iﬂ Oceam it iq a 0,6_
(' : vint reqe-u‘c‘h s;"i.p. T"\cre is a nur'ber ‘of 'swatann ai differcﬁces in the
or sanizat ion of- exb;d,..ionam' irves .tivations conh &f-d ‘;*y thé., s‘up “'md
b the throe above ‘37;;§~.+.5_oned‘fore ian m.e»dﬁionv:("‘dh».,ros« b g1 ghes

- e bty d
Cro by

and ”Chull?n ar"). T‘)n ‘throa 'orm_‘: \—)i‘aul“‘iona ware ai‘ n'njiiso'izc Né=

turef“owy pleted” ..».rmmd-*'*nwrorll vo,,ragos, primina‘.!l in ¢ ‘;e' érfg{:'a,‘bo-

Y risl belt, and the s"uip& compl otfmg ‘those Voyhges wers "ot ¢ prre.a 13 mage

) for e.:::psai*,i.jnu but rers pcouxred for a relative‘lv ‘ahort pe"iu “(one
- i R . L m«_’ *l‘(\i £
d 2 "l"l.x. to t.wo yodrs), ahd were on}.y adapted to ooean ic inv 3tigation .
The chips 48 euch were I‘bl t.ive,ly small in siz.e, m.*h a diqn'.l ace rrient
‘ . ,’.q-‘f‘ ’;\’;g e e ‘,‘iA;i..!;@:f‘:*_.i,: R
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'ot 1,ooo $0 1,500 tons, with small quarters for laboratories and Limi
ted scientific persommel, For this reason they did not have an oryore
tunity to conductk compl’m: oceanographic investigations, p.nd chiefly
worked in any single field, Thus, for example, ""alntea."‘ studied mostly
the animal and bactérial population of the ocean bed and of deeprater

4renches, The "?ityaz'“ is a much larger-sized ehip, lier displacement

is 5,500 tons, the scientific persomnel is between 60-end 65 persons, and

_there are 1 well-equipped lahoratories, This makes it possible to conduct

similtaneous complex work in 'all branqhee of oceanography, with the deck
and lahoratey equipment being adapted to this murpose. Although some
individual voypges of the "Vityaz'" are undertaken for specieal p\u-poses,
.'m genﬂral, homaver, the investigations asre of a wlde complex nature,

The specially equipped expedition ship "Yityaz'" be}.mgs to the

. Inatitute of Oceanclogy Ac Sei USSR has been engaged in. uninterrupted

_' work since 191;9 and will contime the work in’the future, This will make
it povc.ible contim uy to improve the laworatory ship in all the details
of the complicated and many-sided mntboda of marine work, and to maintaln
succeesion both in this regard, 8s wall as wit‘n regard to the problems
being developed and investigating habits of the mmerous personnel of co=
’workers and oﬂficefs of the "Vityaz'.," The Institute and its floating

. research ba.se form & single unit, and their simltaneous activity will
assura aoviet oceanography continued success,

There are ad.ditional substantial considerations distinguishing the

§ work of tm three foreign expeditions from the work of "Vitvaz' " Until

the present time, the latter conducted investigations within a relati-

18
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Fig. 2. Soviet research shlp "Wityaz',"
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[ s ‘ely amall area of the ocean: in the Sea of Jaﬁan, Okhotsk and Bering,\\‘- |
l ‘ and in the adjacent part of the Pacific Ocean, comprising a total area
| of sbout 7 million kn. During that time "Tityaz'® completed 25 sep:-ate
‘ ‘voyages in the Far East (Fig. 3), During the periocd of the Imbernational.
! Geonhysical Year the ship completed several additional major voyages |
1 B envompassing the entire Pacific Ocean within the limits of the Northern \
' ilemisphere, and one of voyages carried the work of the "Vityaz'" in two
| ' meridional cuts far south, to New Zealand, |
Tne "Vityazt!" investigations have comrib}med mach new material to
the study of »tﬁe Pacific Ocean depths, Great care has been taken to de-
scribe the relief of the northwestern pari':‘ of the Pacific Ccean, and par-
ticularly of ‘the Kurile-Kamchatka tremch and of the underwater part of |
the sntire ¥urile Island chain, Huge underwater mcuntaine wera discovered
and described: the "Vityaz!" range, the Academlician Shirshov range, and
the Nerth-iawaiian range. A very large mumber of long (up to 3L m) columnc
were ottained of bottom sediments and determinations were made of the
tctal thickness of porous deposits of the bottom and of their chemical
characteristics, -
The stady of the deepwater zone of the northwestern part of the Paci-
fic Ocean uncovered new deepwater fauna with hundreds of new forms and a
largze mumber of new kinds, families, and catezories of a higher system.
Soviet bi;nologists produced a new chart of vertical zonality in the
districution of oceanic fauna, a new deep ultra-abyssal zone has been
isclated and substantiated (over 6,000 m) ~= the zone of oceanic dep=

reseions with its separate characteristic living world. The first

# —_ 20 —
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diagean of & gaograviic zoning of the deepwater fauna cf the
cceans was oude, exp.aining its numerous ééological peculi@-
rities,

Hydrochemical and hydrolocical investigations of ocean:
depths also uncovered ﬁ lot of new natter,

The University of Govenhagen was Spensor of the "G latea®’
egpediéion (Fig. LY, A navy frigzate wes used, which ﬁas epeciai;
iy refitted for investipution work., The "Galatea'-" adisplacesant
was 1.6% tons and the speed was 1L inots. Mire ahip wan equipe

5

tos

ved with Sne large 1aboratoryvahd 1iﬁin5 cusrters for 12 to
scientific workers; Tné equipment‘ﬁﬁcludeéva modern aﬁtodgficﬁ;
ﬁmuﬁdiﬁg device)ﬁp to 10,000 m, & doepwster treawling noist ébe
tained from the "Albatross,t refri.erators to preserve upeci;
mené; special equipment for geomagnatic research at great

depthe, trrwls and Petersen irvedges.

Pig. k. The ship of the Nanish round the worid
expedition tgelatea," 1950 ~ 1952.

s 21




Profeszor anton Bruun ot the University of Copenhegen var

scientific director of tie expedition. also taking part in th
gxpedition wers Professors Capoi Uoouni S0l sed o MDCLg Ay e
bYer of Denish and several foreirn nehelars, particularlyr the
microvioleeist Tepell (US.), Xullenbers (Sweden), DEVLH (South
Africa), ss well as zoologists from India, Sianm and the Frnilipe
pines.

The main purpcse of t.o expedition was to study life at
abyssal depihs, ani especially in deepwater oceen trenches.,
The plans culled for investigation by means of deepwater trawe

ling, taking samples from the floor and s0il tubes of couspara=

tively snort len th, as well as sampling water, In addition, the

ocean floor relisf was to be studied tarourucut Lhe whole route

of the exvedition, witn more detailed measuremants taken io fdeep--

water trenches, Hagnetoxetris odonrvoilons wera a senarshe task

'Prhe "G imtes' LeTi Conenhawen oun Ocbeber 1, L4506 and was

at

e

e
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Do s

campbell = fucklafid -- Kermadek =- Tonga == Samoa == Hewaiil =
i

l

e California e Mexico == Punamz == Yest Indies =~ Azoreg =~

English Channel -- Corenhagen,
J The material gathered by the ‘expedition w&a processed afw=
‘ter its completion. A number of articles and books explaining
the work of the expedition were published, also the second vo=
lumé‘Of the Proceedings Of'thg;Expgdition containing articles
with the results of fauna collecting from depths greater than
6, 600 m. The following are the most noteviérthy results of the
"Galatea" expedition. |

' The expedition conducted detailed investigations of the
flcor relief at great deﬁthé;‘Work'in”deepwaterfocean tranches
proved particulariy-inﬁérestiﬁé.”Such,”for'éxaMyle, are data
conceérning the un@erwafer rélief of the Philippihe, Java, Solo=
ﬁons, Tonga and Kermadek trenches. The w&rk of the "Galatea
disclosed the step-like nature of the slopes of deepwater trens

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

that the‘"Galatéa" took measurements of the depth of the Piailip-

piné trench producing a very critical appraisal of earlier data

concerning thé;maximum_depth of this trench. Instead of the eare
.lieriknown "Cépe‘Johnson" depth (10,540 m) the "Galatea" neasu~
.red 10, 082 n, ‘and the maximum depth of 10,265 m found by the

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

-pine trench,

e
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// The most interesting results of the expedition are in the
s ! .
7

field of biology. The exp-dition discovered a large numoer of

inew forms of deepwater animals, conducted succensful trawling

.and dredging at the greatest deoths of the Fnilippine trench

“and determined the existence of a .specific abyssal fauna, Like

Soviet iavestigators, A. Bruun believes.that it 1s possible to
set apart a separate zone, deeper than 6,000 mj he calls it the
hading zone, In adcition, bacteria_were obtained from naxinunm
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'mﬁde,
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 pu£lished as

yet.
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The round the world expedition of the "Challenger® (Fig.6)

/ .
‘'was sponsored by British scientific hydrographic institutions,

Thie ship of 1,140 tons displacement was built in 1331 and bears
the name of her famous predecessor, the "Challenger' which come
pleted a round the world voyage between 1872 and 1876, The new
"Challenger" was ecuipped with modern automatic echo~sounding
devices, bathythermographs, ths latest apparatus for seismic
neasurements at séa, and with standard equipment for magneto=-
metric end biological research, There were §5 people in the crew
of the '"Challenger," but oniy three scientific workers, 8eismic
investimations were conducted by Haskell of the Anzlo~Iranien
011 Comnany and Swallow of Cambridpge Univeréity. Lagnztometric
end biologicel observations were conducted by the siuin'e nt.osie
cian, D, Haines, Standerd bathythermogrannic inventirations, re=
cordins of temperature snd water salinity were conducted by the
captain and officors of tae "Chamllenger.! H, tltchle vas in cone
mand of the "Cismltlisn:er.'" The expedition had three wain purposes,

1. Continuoué echo scoundineg the route to deteraine denth, and
with pnertienlsar attontion pzld to litile-itnc'n banks which are im-
nort:nt to n?vﬁzﬁtinn. ﬁydrogranhic investiutions were the nain
cbicct of thmlﬁxpedition.

2o Hydroiosicel investi;ations and taking ol i ter maanles

w'th hathyneters fron deptie un to 4,400 m, to sun-le:nt lrta

ollccted Ly 7v:vious exvaditionc, The surface water tesmeraiure

« 25 o
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vas taken hourly, and watuythersonrasis
tines every 2% novrs,

Je Investi ations in (o Jisld or
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Aot snd ToLsalog,

end si.ultaneous biolo i ica: and ma-nztopetric oboexvatioas, ‘
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e
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7orld exndltion MWiasliztizer M 105G

&

The expedition leit Miyocutt ow i'ay 1, L0l ann ended av
rortsiouth on, September 2%, 1.5, L.9.4,

pronths, The itinerary btook cie expacili
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vublisied as vct-

broltay - Ingland,
fie 2o

asults of +h¢ exnedition have not Leea fully
thr:-re
arsss of re

r3 only sporadic article& in diflerent
resasvch,

. v
espetielly scimmism. The hydrograyiic nsterisl
of th: azpedition vhich is'annarcntlv very voluiinous and valuw

ahle, 2o wva can jadge from &
i)~v> plotted on the ch-wv

)y

from the nection of a detzilad measures nt
lished,

t of the exredition's route, has not been

e
. total of 17 conplete hydrolo;icel stops were nde furing
the cxpedition when water spauples were taken ulth hathymeters
alens with eci.o sounding, some interecsting cbs:ervetions were

2 ti '
made concerning the vertical tl ration of phytonlan ston noted

on eclographs. The echo ‘horizon in the upper layers of water
near the coast of California was at a denth of 40 to 60 n at ’
night and at about 300 m in the daytime. The rate of the verti«

cal Jnift of the echo horizon was about 4 m/min during

r the morning
and evening houra when the echo layer was descending, and 2 tn

4
‘

3 m/min when it was rising. This rate was observed for 5 conse=

v

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

*ndmcations or the echo souhder, as a rule brought up a lot of

calanus, medusae, euphauaidae, pteropoda, sagitta, etc. No tish

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

L4

tape of the echo sounder simllar to those observed when fish

PR




amass. This echo layer was

the true floor did not reach the receiver of the

snd Lhe

is probable that the discovery of a nunber of bhanks

2

cific Ocean is ascocic ted with

viere rocorded on tapes of entona

fonnd during sabsecuent investi
el

e wreliairery datz of the

echo sounding which

pany uwnderwater aouatains in bk

vean 2,ol0 anéd 3,000 m above the

of caver tho tonz of theze nicund

A0 to 50 m, ~nd rep

o ol T L. . 8 2 e =
vext, It mo noted 1 oaasticuls
' £ :
. et s a Vs e -
yote close to bl tasn ol o
. v, - . . (]
RZREAPEOR I LT acuantvslac

Tall

M oin

oy ey .
SRR L I S UK N

LG of

tic

nre availeble

SVityeatt o

Qct-fdlﬂLP

tCnhe

to u

Pacid

surrcunding

uins

r, tha

conziagy

-uotrated in print are

acho

cations,.

lenmer' o

ie Geean,

ing the

SVLABAS CAN0le Wil

aeno

’:J

qiti

g indic-te that

ocean .

so dense that pulses reflscted from

asounder

Py

false scho could eacily be confused with the true.

on

there

fleor. In

s

eala

o

k-2
&

nn P

Qo

concnh-

It

in the Ya=
this kind of interference; they

soundsr, but vere not

nre

risinn to hate

by

SRS N B

ountidas, £
Gincs farine bacie
teo ool o o (lnlne
at danth of tiw
fiore
o oLl ,'»57, LRt
Al the santhort

talclmnens ol

the axwneditions

)

.4.'..8
- .
et
s
NeLlem
. o

Herans

RN



¥

‘i ,
sediments on the ocean floor, New seismic apparatus was used

for this purpose. Explosion impulses were reccived by means of

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

‘.!of 1 to 6 miles from each other, The hydrophones of the radio

‘buoys weré_loqered to between 20 and BQ m, The work was conduc§g¢
by‘the broken wave mathod, end the weight of BB charges fluctufv
ated between 40 and 100 kg. The data obéained concerning the
thickness of botto:: deposits and the propagation of sound within
them make it possible to conclude that regipns-occupied by the
oceans at the present time differ by»théir geological structure
sharply from the continents, and oceans apparantly came into exie
stence in remote antiquity. This is confirmgg by the sedismic
eross section of the sediments on the ocean floor., Under the
layer of porous deposlits, the ocean bottom contains focka in
which sound propagates at a speed of.6,300 m/sec, which correse
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 Mohoro-

- vicie 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 hypéthegis on the

development of atolls on_ancient.vollanié cones which are ina -

state of slow sinking, It was determined by'aeismic investiga-l_‘
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tions that the thickness of porous'sedigents in the Pecific

Eand Indian Ocean is smaller than that in the Atlantic Ocean by

a fac or of two to three, This is probably associ.ted with the
ra£e of sedimentation and conditions of sediment formation in
these bcééns, and not with a difference in their age, It is also
posmible‘tﬁat the thickness of sediments in the Indian and Faci-'
vic Ceean is associ ted with the presence of seams of basalt lava,

Tt should be considdred that the stops made by '"Challenger!
in Lie 4tlentic were generally mace closer to 1and than in éhq
Tneifie, and botton deposits were represented by the relatively
fastevr fofmiqg globigerina silts, Finally,’the'mtations in the
I'arth stlentic are loczted in the zone of ice thewing durias the
pericd of the last zlaciation,

Tt would be interesting to make the follo:in: calcuttione
the rate of the present sedinent-tion of rlodvirsrina nilts e-nals
a~rori wtely 1 oem ner 1,000 yenrs, If we would accneot this rate
oo, liczble te the meoological hustory of the oceans and congte

snt ithin srocowior tion, end if we wonld assune that thoe ocrans

vers fovmed shout 2 Lillien venrs 20, the'tuickness of porous
Sencrits on %h2 ocesn floor shonld constitute about 10,0 7

3
v
i

ig sonsidarsble omeazds the rosults of direet deteruination of
. ,
t-iciness by seiesmic wathod, whieh is 500 to 1,0uC w. Such a grest

diflarance can be exdnined by fluctustions in the rate 6f cedie

rentation 4n the »ast, a2nd warticularly by the fact thet the

+ 30 o‘
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rate of ~niimentation in the oceans at the present is wuch hie

cher than in th: eoicslcal rast., “The ilnerensed nresont rate o

L

sa°d awatnotion in the oceans aay bhe asnocisted with a Lizher sennd
of thne contincnte and with an ircrezsing role of orgenoienic
sedimentation,

Theve is also a very interesting conclugion nmzde by ‘leatell
and owallew to the effzct tint tiiers Is a possille gradual tran-

gition frou ths ~iructure of continents to the sbructuve of Lhe

~cent. floor,

Data on biole ical an.. wucnetaretvic odsavveticus hoave not
been uhliched ns rvet.

-~

T us, ac far ag we cen judge by tiae osublished .atoviel, the
"Celianeert auredition wraviled e et inter stiny aterizl
in the Tisld of geology of the oacoesn floor -nd in the .ield of
s nelomy,

Y

L oio evifont rron wrhat aas been s:dld sbhove whiot ithe data

“neuwlr coliected Ly four large res . reh eupeditions during the

angt 10 yeors, scrtedinian to thé nzture of th: oc - ns, renresant
ertyroreinary intopresnt, Towever, wo st ai;o conzider s0@ #lorte
coain iy b the'frganizntion oi ugorlr of Ll theee Yorsi_ n expedie
tions, wivieh wé wuinted ovt veforn, It iz to h1e noted tiat due

to - 211 labor;tcry coace wad a small sueber of scianiiiic norcon-
nel, the Toreirr euneditions vere not co.iplex oceanorran it exne-

Jitions =« ezch one «wag set in a definite direction., Tuis »uts

0310

v

Vi alihd



a definite imprint on all the results obtained. The linited

nrograms of the investigagions did not make it possible to get
a sufficiently compiete picture of the interrelétion +Ad inter=
dependénce of natural phenomena, and did not provide a suffi-
ciently full understanding of the nature of the ocezns.,

| The "Galatea' expedition had the. most ﬂumerous nersonnel,
20 persons, while the "Challenger" had only 3 scientific workers,
It is hardiy possible to solve the gquite comsiderable problens
facing ah sxpedition ship with such forces,

It is also necessary to note the relatively short duration
of‘the undertakingas which limited the ﬁassibilities of reseafch.
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 contikibuted to
greater intervals between stops and to a certain fragmentarity
of the reéults. |

It is ﬁecessary to note in conclusion that‘the above nene
tioned stage of oceanographicﬂinvestigations,is associtted with
a considerabie.ﬁevelopment of internatipnal relatiouns.,

Severél international associations have come into existence
in the past séveral years, dedicated to the development of oce;-
nogiaphic, and particularly deepwater qxpldration. The so-callednﬂ

I4COVS (Intern-tional Advisory Committee on Marine Science) has

been_partvof UNESCO for two years, and the International Couneil




Y

N

of Science Unions ("ICSU") has established & Swecial Coamittee

of Ccean Research ("SCOR'), .ttsched to this Council thers is

2lso man Intermational Coiziittee on Decpsea iesenrch and its

Journal ”Deeysea Research," which ig 1nternatimnal in scone. ' -

N I FRERTORN R G A

Lively activ1ties are obuerved ’ga in,in .the Inte quional Cfuuc

ot

Situdy (ICHS"™) viich was founded 55 years ago.

[]

Lol
or e
"

s

It is *arthcv¢ur]n *1yor+ant for the sakn of international

cooreration in thelvleld of the s»udv of ‘ooeans znd in the eyvloz-

R voris

tation of ‘thedie reaw nﬂteriai resources that the onen sneces of the

st B e nms R IR .

»

B O S . R ar >
ocesns and nunerous seas do not he long to any at&ve individw lty.
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INVESTIGATIONS OF THE FLOOR RELIEF OF SEAS AND OCEANS
by G. B. Udintsev ‘

Successful atudies of the aubnarine relief largely depend
on the quality of the technique and on the amethod enployed. The
object of the investigation, hidden from the observer's eyes, can
be studied with the necessary attention to details only on condi=-
tion of using sufficiently perfected teqhnicil means and methods,
World War II gnvo rise to intensive development of hydroacouastic
engineering and navigational aids. It vas\poaaible to use all
these means within the past few years in hydrographic and oceano-
graphic iﬁvestigationa for peaceful purposes, first of all in the
atudy of the submarine relief. Further engineoring 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 oceaﬁographic
work showed in the organization of large expeditions and in the
completion otglarge systematic and complex studies which contribu-
ted to a rap;d 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 conasiderable

success was achieved in stating and developing some important

— b e
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pmoblomo of mnrino goomorphology. All this makes it possible to

‘rugurd the postwar period in the development of oceanography as

»~

B
‘|

& stege whioh ia quqlitatively different from the preceding period.

A concentration of the efforts of all nationa on the inves=~
t&gttion of the oceans of the world during tho period of the In-
temnational Geophysical Year Justifiod the oxpoctation of a new
u@eurgo of oceanographic investigations in the near futurc. and
this promises to advance our concepts of the submarine relief

.

even farther ohoud;

Techniique and Method of Investigatio
' gf the Subsarine Relief

Depth sounding is the basic method of studying the relief

J at tho proaoﬂt time, It was characteristic of the preceding pe-

riod of investigation that there was an almost complete abandon-
went of the hototoforo widely used method of line sounding of
depths during the prewar years, and its limitation to the mere
r@lo.of a check nethod. The sonic method is now the principal

nethod used in eoho aounding. and its use in the practice of

‘omennographic and hydrographic work began in the late 19203 and

early 19305. Quo to tho 1mprovement of their design, echo soun-

lding devicos havo booomo so efféctive in solving the problems

~off 1nvestigation that in the postwar period no oxpodition of any

‘@f continuous automatic recording of the depths, and this

S uﬁghifioanoo would qo without thou. The basio proporty of modorn

- echi soundera‘lios'in the fact that they afford an opportunity

4.
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! makes them widely applicable in research practices measurements

aré ade very!§requently and with great accursecys; their power
is sufficlent to neasure tﬁe very greatest dc;an depths, and . .
they aré conpact and reliable in operation and siaple to sérve.:a

The most comuplete assortment of different’types-bf echo
sounders had latély been produced by the firms "Kelvin & Hu:hes"
(fir:at Bvitéih), "Bendii" and "Blectronic Corporation™ (USa),
nptlas-Verke" and "Elak" (Jest Yermany), and by the Soviet shipa
building industry /85, 89, 148, 411/. The postwar production of
sutomatic recording echo sounders.wﬁichAensure reliéble measuréQ'
ment of the very greatest ocean dégihs in deppsea trgnches is an
inportant achievement of sound measﬁr&mept enginéering; ech6
souvnders of this type had been unigque for Q long time. Now they
are orcduced by the British firm "Kelvin and Hughes" /279/, by -
the swerican firm "Edo" /185/iand by the Japenéee firm "Niéhon-
Denzi." Most interesting for researqh purpoaes'are_the precision
echo socunders which make it possible to detect even the smellest
relief shapes, and ech§ sounders equippe& with élactron-ray ;uﬁes‘
used for the ;pudy of the nature of the floor soil and fof dé-
tecting fish. Suéh echo sounders are produded,.in.particular, by
"Kelvin and H;ghes;" "Bendix, " M"Atlas-Werke! "Eiak;" "Nich;n-
Denzi" and some other c;mpaﬁies.‘ e

Descriptioné of ihe new types of echo sounders produced in

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

-
-
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company publications of the "Service Iustructions" type, and,

on the other hand, in a number of review articles on the sub- -
Ject ano 1n manuals on electro-navigation equipment’/Qﬁ, 113,:1
122, 131, 168, 183, 185, 221, 222, 258. k20, 426, 436/, Techni—>
cal rdescriptions of echo nounders and their basic characteris=
tics can also be found in a number of works on.the use of echo
sounders for research_purpoaes /1, 2, 59, 92/. Problems of fure-

ther improvement of echo eounders for research purposes have

_ been examined in a number of aeticle' /251, 283, 310/. Problems

of developing the technique . of aound measurement of deptha and
the latest discoveries in this field are also expounded in some'
popular science articles /102, 179, 230, 435/.

The wide introduction of echo sounders into the practice
‘of geomorphological research required a development of problems
of methodical_sound measuremont of ocean depths. These problens
were first ozplained in a plao of method of hydropgraphic ope-
rations /10, 64, 222, 314, 333, 432/, This can be explained by
the fact ?hgt tho sounders were taiﬁly wideiy oged in practical
hydrographic fesearch, much.earlier than in practical oceanogro;
phic research: in the latter echo 5ouoders were osod for a long
time only by large individual expeditionn. With increasing ocoa-
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 comaunity of

o« 37
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purpose, there is stiil +the well-known diverg rence of tasks fa=

cing researck of the floor relief in the sector of uyir ographic
and in thoe s:étbr of oceanbwraphi: vorks In the former cace the
floor relief interésté‘rc sozrchars from the viewpoint of its
1"(:Zf.:ﬁt'cz.velr nexrow nav:gntlon 1 characte;iétiéé' while in ‘the
1atter cace it is fron the vxewpoznt of more wide and compLete
chﬁr *'“lbtics; as the bz cx*rounu oi all nstural phenonena cc=-
currri"; iﬁ the ccean, As a pirror of the :eologicsl structure

Jnd hzstﬂry or the aevelonment of rerions of the earth's crust,

'

whlch cre hidden by thg waters of the Beas an& occanu. In this

«

congection, problems of method ol studying the underwater re=
lizf bé mé&ns 5£ epha‘sounders'had already been wﬁrked out in
the lightagéwfhécéurposes“of oceanograrhic research /86, 95,
ahe, 293, 285/,

rhe‘méin theseé of hhe‘metﬂods of researchinz the underwater
rellef, devéloved in feécnt years, point td the need of a vatio-

nal snl ;chion of s t. pe of e*ho sounder, snd of a method of 1ta

B

ooerat*on commenaurate to *h depvhs and nature of the floor

curface, 1iis method of operat¢on ensures accuuulntion of the"

.

most oetailed and accurate data which weuld subc equentlv na e it

pcs31 ln to nroduce a definitely. complete picture, under present-
1y e isti tochnlcal possioilit1 s, of the floor surface of the
. ,,,,.: - ,L Lo ,!. me W

gseas and ‘ocesns. Methods are glso pronosed to proceaa the collec-

ted matnrial in such & manner as to pﬂe ent it in a sufflciently

' . PP o
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cléar way, so that it would be most suitable for oceanographic

and geological interpretation /329, 422/,

Some problemafof=n§thods of operating echo sounders are
nqnal}& into?asting to hydrography as well as oceanography:
these‘dro the problems of correcting depth findihéngy correcs
tion for the speed of sound in water and for the effect the
bottom slope may hufo. the problom of.tﬂy accuracy of depth
seasurements, and the problemss of deciphering ochograni. In
riew of its complexity; special interpretation wal'nade of the
agethod of calculating the speed of sound in water according to
hydrological observation data at stations /88, 136/, and of the

methods of calculating corrections for the qpeed of sound bet-

. : L '
ween stations /64, 97, 108 a, 285/. A wide discussion was cau-

ged by problems connected with the effect of floor slopes on
the operati&n 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; 2kg, 377 to
381, 432/, much attention was paid to problems of.apecial
geological deciphering of echograms for the purpose of esti-
mating the nitugo of the soil and stratification of bottom se~
diments /18, 87, 109, 110, 139, 267, 333, 358, 396, 410/, The

problems of accurate measurements od depths by echo sounding

\re referred to, in greater or lesser dogroe; in all the wopkd"'

.39,




cited above, some articles, however, were dedicated to these

problems exclusively /107, 136, 379, 432/.

fhere is much interest in the possible use of echo soun=

‘ders not only in the study of the underwater relief, but also-

J

for wider purposes, for example, in hydrobioclogical research,
Studies sre made of the possible determination of the‘position
of fishing nets and other fishing equipment in the water by
meanu of echo sounders /24/, and research is. made of the beha~

vior of marine animals /272, 382, 4uh/. thhin the past several

years ‘scientists have paid particular attention to the possibilie- .

ty of'ldcating fish by echo sounding, and to the study of the .
causes”of the existence of a sound-propagating layer in the
water which was also dis;overed by means of echo sounding. A
lerge number of works have been published in recent years whose
guthors not only express general ideas on the poasibility of lo=-
cating fish with echo sounders, but give reports of experiments
in such seekings and provide practical recommendations of using
the new method /1, 2, 24, 85, 89, 220, 265, 375, 376/.

The préﬁiem of the sound propagating layer produced a vo-
luminous litéf;ture; a majority of the authors perceive its
cause in mos=sés of plankton, pelagic fishes, and, in some cases,
in & jump of the density of water /20, 147, 161, 171, 250, 253, .
254, 255, 271, 272, 313, 319, 368, 371, 395, 417, 425, 427/,

The problem of fixing the poéition of a ship which is mea-

« B0,

~———

L 4



R suring depth is of the ‘utmost importance 'in the" " w6 thod” 3% in-

@ vestigating the undefwater reliaf. For a 1ong time ali meana otL
# fi&iﬁéia cﬂip's:pocition‘wcre linited to the usual nsvigational’
8 mct%cés and themr accuracy was relatively low. esnecially on’thd .

" nigh ‘seas, far from visible shores, The lack of any real posdil’
bili%} of detailsd area investizations 6?”¥Eefﬁhagr-&%eé'}éiiéiY

b 1]

wﬁgia very.annoying result This is. explained by the fact that

N & aloser apacing cf the maasuring oositions with an’ insufficlen-

. - " [0 ooa

tly accurate determination of their location produced ‘contradice

i
i
i

NS Y

tory data ‘on depths and precludcd the plotting of deteiled cﬁarta.

L ...‘,‘,

FCERES n-!

Quring the postwar period, in connection with the devefoﬁment

v .
BIGE - O T I Jye

of mnew radio engineering methcds of tixing‘a ahip s positicﬁ,

3
a

ke o, DT G4 en gy f:‘»r\a*»
v

conéidcr&ble changes af;ecting thlB problem hace taken placé 5

@I imagloxs » L W LD

The accuracy of “detormining & Jﬁip 8 ﬁosifion even af s

-y

e
A

iy ¥ EA [

rreat aietance from land hae become cuch higher. and finallf

| K } there exists an'cpporcunity for broad detailed studies of the o

‘ ) \0‘

o mhderwater relief. ‘The ‘Tatest methods “of fixing the pocition of
1

. o
s..‘ e PR LL A

a nhip are described in a number of apecial articlea ind in 3
generairgcﬁd;iéJcc.hydrcgiQﬁifcmoperations /6# 120. 143;%““ e
1#$Q“§39;‘£11/ Articles hiave also aﬁﬁeafad'aescribing éhe'”

mathods and reaults of detailed stuciee'of the floor relief .

) w Ry O N lo- i ~ 0 1,‘, .....
J# of the ceas and oceanc obtained by means of the latcst radio
: .«g‘,!”‘iﬁ" ‘I‘J,A'M “i wt ;.ué«‘ ~ ,- ,-‘3'-7‘4 -~ ‘n‘u o oue il ; e
technique motﬁodé of fixi f he positioﬁ of" a aﬁi /123, éZS;
e - ..".zxv;;u.iz.w. :L.:- VTEL Emd LwniBiono s wano cd bt

zix"é7a}.“




_1419gg%wi$pmeghq sounding, which plays the principal part

in, ,studying. the undcrwater rellef two rew engineering methods

LA TP AN by 1L ) e8|
arﬁ_ye?wgtly f%g@ipg‘eyer wider applic?tian in the practice of
S?EaFSQ??P?iS q?sraﬁipns: pnde;watgr phgtpgﬁ;phy.aéé ggdery;tg?
Qg}gx}ﬁigq$“Updgrwatgrﬁgameras.fqr(puoﬁograpyjfpf‘thg ogggp.q
f}gf;ygrg}pptpggpic;dgviges lowered gptgableg and fapable_pfvl
teking series of pictures, The de :ign of underwater cimeras was

rapidly improved, and fine rassults are obtuined with ther now

even at grest ocean deptas /30, 31, 57, 158, 184, 198, 343, 366,

374, 4314, Photography of the ocean floor makes it possible to
Wt - vt P (S AN v 4 REEEREE e ) *

obtg%g_yg}uableg}pf?rggtiénvabqyt the smallest ehapes of tbe ;_
relief which are }mporﬁant in understanding the nature of some

reiief-fprpigg progeqs?a,xgs.lfor example, thé‘gffect of bottom
currents and qf:l}v%ng'o:gafigms..és wq}iﬁaa in‘eyp;gining the

propgntigs of p?eggnt;day epdimqntation;.und;rwéter landsiideq,
end relic forub of the subaeral relief encountered on the floor
/150, 320, 3#7, 385/. In this connection, there has lately been

g noticeable trend to conduct studies of‘the‘underwgter relief

oy means af echo aounding and by Jeans of a close network of

.4&'
51, ) donenus ans ~“vater uotocrapby, which help to get 8 COore=
Vi ;‘14.::") e e O T .

~ect_intor“retation of echograme /31 193, 227, 307/..

PSSR R

{t must be noted that underwater photography is also suc-_

FELEA SLUTid s »\} Loy oadun
:esstgllg used gn taklng pictures of objecte in the water disco-
2808 -; Lodo s 4 mELaaten agpn

rered ty echo sounding, ‘but difficult to recognize /271, 372/.
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Undernvater television opens mraat nrospects %o resenrch

T R A ¥ O e -

of zmall relief ahaﬂes of thn *loor. its onglnenrinb has sug-""

Ly A op S

~e<:fully develoned in recent years, but it is thus for malnly
‘;7 ¢ J ‘,,4 .:I

used in sclvzng biologlcal problems /19 a, 3# 1&5, i26/. , .
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“The 'Crganization of Research of tHo i iise  ou-

Sliaoea

e o g T

" Underwater Relfef -l Ln vhLTL gl e a g

‘T Ehé ‘Postwar peried resesrch ‘of the .floor-relief of the.
seds ‘And oééén&*wéé éoﬁaucﬁéd*Sﬁféfﬁéry"ﬁiaeféédle*ﬁyumany coun=
triea which have taeif'own naviea ‘snd ‘whidh“are’ 1nterested in

tte'develbpﬁen% 'f navigatiod ‘and marine industyy, This research

was mainly caf¥iéd out wii¥in the:framéwork of two'principal”

H

crdaﬁizﬁiio§6i’fébﬁsiiinithe forum of incidental*réséarcn ¥y ine-
aIviAual large’ akd” complex” oceanographic” éxpedstions conducting
crerations in large arcas of the seas and oceéans, and in the”
form of orgenizing’ special expeditions conducting lén; thy and -
plannéd studies 61" the undérvater relief within the limits of
certain secas and’within 1irited gectors of oceans, The firet
igclﬂhésygefﬁhin“bﬁhnd”fhe'QOrld“ékpeditions;inveétigating R
Iafgé'if@&s“&éﬁfﬁé octans), and’ the second inehudes numerous

%kpedi%f%ﬁﬁ“ﬁh_a“%%iat£Véiyhsmalﬁér»Scaié’ibpéatédiy.bohductéd

by ciffersrit oceyilographié thetitutes and labvrhtories for the':

purpose of Solvink individukl sciehtific problems, as well as -




4 ' most hydrographic expeditions. Even an incouplete list of the

various kinds of expeditions in recent years in quite large

/130/ .

There are essential differences in the nature ot the ma=

terial obtzined 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 ocecan within a rclatively short

period, predeteruined, in turn, a comparatively simple itinera- i)
3 ry eni a wider spacing of positions at which incidental measu-
:1 rements were taken, Materials thus cpllect;d, could naturally
E not provide a couplete picture of the floor relief of the oceans
| of the world es e w..ole, nor of any considerable part thereof,
i and only in.cases of completing particularly &etailed studies
? in & 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 fsct, ..owever, that )
i all the large oceznographic expeditions in recent years were
g equipped with the latest devices, considerable numbors of exe
? perts took part in them, -nd they were conducted by advance:’
m-ihods, the m;terials collected by these expeditions were ext-
reordinuvily dinteresting, in spite of the obvious superficiality

f
1 of the investigations, is a rule, these materials prove to be
excuptionally iuportent in the d=tection of the most conspicuous

b,
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and corzon features of the floor relief of the worid's oceans,

in Fo‘iny & nunbar of prob1ems of marinp beomorphology, and in

el ev_-rtug tne yayr by wn1ﬂn they cen be uolved in furlier vnd
Bor 2 cetailed iﬂfestt.atifnq. On the otser hand, thu npeciae
lgvipﬁ cxpanicions concentrated Lhezr ‘afforts on a planned snd
pfcion weed atndy of oblects Licited in scope. “hﬂ a*nedit;ouu
selien vrd mat#r;als vhich provided a most cosplete and detailed
iden of the floor relief and which made it possible pé drav &
nunhar of conclusions ceno=rring its origin, the‘history of its
devgignyqnt,'connecpiog; with other natural ppenomena of the sea,
concre;¢‘5503ogica;_anpnccengploxical ciréumstnncea, #8 nell ns

1t

&n iw“ortant heals fur the soivticn of u muaber of nreblens of

o
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e rine Hun»ord“o]ﬁ"v.

Thc gweep of 2erancrrap:ic recn: reh durin? the postway pee

riod Wes primarily rntlwvted in the scope and ths lergt occanc~

)

‘v.phig expedatlmns, eoth reund tha world as vell as thone li- L

lﬂicﬂ to the Otudy of dndiviona) oceans. The rcund the world
Swedish txpedit: on’ on ‘hhe"’"hlbatr‘osh" Tisbat thrbgn’ 1647/, »?+t.
ond during 3ts course, pqpsiﬁgrab)e mztﬂﬁ;a{_waﬁqutperﬁﬁlppnc§;é

waqg’the floor-"e\°u£!mn he equatonisl nateus of. hﬁ=oc9ﬁﬂ$
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~fdce of the ocean floor. Dnrlng 1151 to 19 2 two large round

e e g SRR
the world erpedi*ions 'ere conducted almost at thn same tines

£

the_Dani sh oceanog -apLic eypcdition on the "Calatea" and the
Briticsh hynrovraanlc expedition on the ”Challenmer." The main

purpose of t;e "Galatea etpedztion was a complex oceanographic

study of deep-sea oceanic trenches . The reatest success of the

. .

exne*mtlon was the datailed stndy of the re]ief of & number cf
dagn=nea 1rnnches- the Pulllppine, thc Mbrianas, the Bougaine
ville, the hPrm&uek, and Tonga /14# 2?0 443/. The hydrogra-

ahic exneﬂltlon on the "Challenger" made only reconnaisance

i

.study of the rellef incidentally along the itznerary, which

approxlxated the itinerary of the first "Challenger" expedition
of 1872 to 2874, At the same time, however: it completed a de=
»alled study of underwater mountains discovered along this iti-
nerary. Among the achievements of this expedition, prOminent

p]ace chould be given to the measurement of the new maximum

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

* st the presont time two terms are sinultaneously used in li-
terature on ocealogy and marine geology which are synonyms:
deeﬁ—ree oceen canyon and deep-sea ocean trench, The second term
is closer to that accepted in international usage and reconmnenw
ded for use by the Internationa_ Coumlttee on LUxonclature for .
thekeaapes of the underwater relief: "trench." In thls connece
tion; tnis article uses preeiselﬁfthe ﬁecend term -~ decp-sea ..

oc2an -trench, although in a number -of .worke in :ussian one can

. encounter the term deep~sea ocean canyon which means the same,

R 460 ‘ . _.,""v': :
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flobr relief of the Marianas deen-sea treénch /111, 153, 226/,

Trne results of the study of undervater menataing Aiscovered by
she ermeclition are also of anjor inierast Je2b, zxs, 257/,

Tha Bcripps Cceancsravihic Institute (S:A) conducted a nume
ber of 1&rgevexnediticn3'in the Pacific Oc¢ean, Thus, this Insti-
tutels fﬁidpacific” evnesiition of 1350 was made for khe purpose
of st:dyinz the cenbtral part of the Vacific Ccean, The res:ults
of tha worr of this euwnadition provided new aatarlal for 2 core
ract concept of the neture of the [loor relief of the [acific
ODceun, of the distribution of underwatar nmountains, znd of tiesir

-

asxcelstion, in particular, with the mnassive rise VYissacting the

“3‘

sterm wart of [he ocean in a laritadinal dirsction. Tre 2K IS -

ditien discovered a ceries of neretofore uninown unlerwster bens

cliies in tha eamterw part of the ocean, wiaich mrs povitively of

“tectonic oritin, and vhich r2ores-ut one of tie most intéresting

n2cuiiorities of b wtvucture of the cartrn's surfice /175 a/ o
S Senvicovrnt #razdltion weas socdicted in the scntlern tro-
wicv3>3art o ice rwoitic Ocesn in'lyﬁé to 1953, bata conceralng
the flLeoor réliaf 0% "he ocann wave abhered hy'the pupauiLd on

he oertice Ltincssry; e widition, datailed siudies vere

. N . :3 R . . N . . O
maie of e floor of ita Tonza deer-.es ocean trench /150G, 381/,

lne wmasuracent of the maxioum deptl in the Tonsa treach is one

i v

of ti2 achieverents of Lie exuedition /¢12/,

sery

The “Iransnacilfic! eryc-ition, couduéted in 1553, encom=

. 57,
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§aased the peripheral sectors of the Pacific Ocean, This expe=

dition investirated the floor relief alonz the entire itiierary
end this provi.ed e conparison of norpholegical wereuli-rities of
dif%erent regions of the Pacific Ceonn, Due oxpedition also con;'
ducted fairly detailed invectirations in the Japanese end Idzu- 2
Sonin deen=-sea trancnes, and inventizated part ef fhe nortaern
avtension of tihe Tewellan underweter ridge /211/ .

Fweonnzissance cori on & large w«cgle was completed in the
Preific Ocean in racent years by the co.rlex Soviet oce/nogra=- .3
paic expeiition ol the Institute of Cceaznology .tcad Sci U5S:2R on
the "Vityoz'l' Between 19553 »nd 1955 this exuedition orerated in
the northwestarn part of the ocean., Studies of the underwvatar
pe”isf were conducted aiong the entir; itiﬁ?rury of the "Vityaz'"
end mede it possible to datect a nunver of iuportant peculiarie
ties in the morpnhology of this part of the Pacific which were
heretoifore unincwn /29/, Difierences were discoveced in the nae-
ture »f snall relief shapes which are peculisr to many vegions
of the ocean, and numberous underwster mountains were discove=-
red and investigated, A study was made of the particular corre-
lationships of deep-sea trenches in the northwastern part of the
Pacifie Ocean,;The Kurilles-Kamchatka trench has been studied in
|greatest detail, with measurement of a new maximum_depth, and
the noriiern extension of the Hawaiian underwafer ridge which

was heretofore essentislly unknown /7, 98, 100, 101, 104/,

. 48,
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Work conducted by the Soviet hibu-latitude expeditions in

the Torth cretic Ocean in the sL dy of the underwvater relief
a3 of Lhe reconnuissance tyne. These ewpedit£qns vere crovned
with extrzordinary success =~ the discovery of one of the most
iwnort‘nt features of the ocean floor relief - the Lomonosov
underwater ridge, unknown to this time /74/. Reconnalssance
work in the study of the floor relief in the Nort: Arctic Qcean
vas also COnductéd by /imerican high-latitudé expeditions, but
the scove of the.American investigations and the results are
far behind the Soviet /57, 162, 162 a/, ..
ﬁork was continued during the postwar period by the Bri-
Llsn‘ncc~no ranhic expadition on the "Discovery," which had been
~working in the ‘Antarctic waters for a number of years before

v

.o
Jorld b

Gar IT /165/. the uork of the "Discovery" expedition was
directed tovard the study of the nost consopicuous features of
tiwe floor rvelief of the Antaretic Ocean, ork in the study of
ﬁke ”loor relief conducted by the .merican intarctic Hx-:dition
/172 u/ wag of aﬂfiéilar natufe.‘Sov;et sork, developed in the
very latest time ig}phe Antarcticlccean constitute, on the one
hand, reconna;ssﬁnﬁé investigation of the underwater velief in
the im:ienza resions of the subantarctic vaters, and; on the
ctirar hend, & detaxled st”dy of the reiief of the continental

slo“e and of :J“ submerged border of the Autarctlc contlnant

41, q(/. . e
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The lar:. oceanOﬂ~ sule exuediticn uiich are, =s we heve

BN
~

noted, of a recciralsinnce nature, rejresent only & part of Lz

(5]

ovsa“i"ﬂd p'on acecovding to hich suudies of the Zloor valief

e
%

£ the sens and cecane nove Lesn condveted dusing the vostuar

R

3.
,'--\‘~,¢1. Pl

rar lod. On a somewhat smqller scale, buit more systearbhicully
o~ ) , :
¢cqoréiu1 to 2lan, studies ware roulwctpd by specizlized

&0

”
]
i

Al

e eoitions of a onu ey of rosecsch institutes, leboratovies,

and hydrographic wervices. e will wention only the laepeat of
o e . ".|‘

these, omitting a larpe nu.ber of the swall expriitions which

actually ourrated in all parts of the sea, but 4id not nave cay

e Cor : e L . .
varled efsect on the development of aodern concents of the Sloor

relinf ¢F “he seas snd nceuns,

e e ’
Syctemntic investietions oi ihe undervatar relief on a

large scnle were conducted in recoent years in the USi. Mcat ine-

terpttJrg are the activities of Five resen~ch institutions con=

Y
ductzd along this line: tie Lamont Gsolovicrl Quservatory, the

loods ‘Tole (ceanciraphic Institution, the Seripys Institution

6£ Oﬁcandgraphy, he Marine Zlectronic L boritory of the U,3J,
favy, an” tie U;’S; Coast and “eossiic aurvey. Jdork of the lLue
sont 7“010 1¢91 \aae"v&tory iq concentratod on a study of the
noru“ern frlf of the \tlnaiic Oqean, and ieinly of its western

part, adaacnnt to Horth irerica, ?eﬁpa"ch wvas dirscted toward

4,

a clari*ic tion of the existin¢ &'ffefénéés'in tha char:ctér

of thu umall shape relief anong the individual morprological

. 50.,
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éegione of the ocean, toward a atudj of~ the morphology bf un--“-_'~

jderwater mountains as reflectors of ultra-distant scattering

:0f sound within the range of a channel, and toward the deter-

'mination of the relief-forming role of suspended currents

/200/, WViorhksof the Woods Hole Oceénbg:aphic Inastitution en-

compass detailed investigation of the‘unﬁerwater raliéf 8pProx=

imately in the same regions as the work offthe Lamont Ovserva-

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 doepesea plains '

.of the North Atlantic /121, 421, 422/, N
The Scripps Institution of Oceanography'investigated the

floor relief of the Pacific Ccean to~ether uith Larine Zlectiro-

nic Laborafory of the U.S, Navy. This Institution ¢tonducted the

"Mid~?aci£ic," "Capricorn' and "Trans-Pacific! exneditions riene

.tioned above, In addition tlie Seripps Institution and thg Maw

rine Ulectronic Laboratory conducted major work of astudying

the floor relief‘of the eastern part of the Pacific Ocean.

Horth of étteﬁ?ion,are their planned inveéfigations of the

underwater cahyons of the continental slope of North imerics,

of the underwétgr relief of the Hswaiian i?land chein, of the

undervater mountains of the Gulf of Alaska, asvwe11xaa of the

‘tectonic benches extending along the ocean flcor for thousands

L}
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" of kilometers /175 a, 'i76 325, 326, 388/, ¢

'rho worh of the U. S. Coast and Geodotle Sumy in th.
study of the undcmtcr reuef u lmvhat peculur by 1ts
nature, 'rhc purpou of these !mnt!gations wu to ltudy th
floor relief in ordcr to obtain its uvigatioml ehnraetoru-
tics, For this reason the vork consisted of extrmlysd!tailed
!nvutlgntion: and vu conecntrated in certain unitcd, bnt |
uv!gatiomlly i-portaut regions Iloll/. A eharacterut!c fea- A
ture of this worl: vu the .xtnordinaruy accuratc dotor-lm-
tion of the positlon of ships and a dense covlragc of the wa-
terways with measuring positions, thanks to Whicvy thc,et.n‘aterhls
of the Coast and Gcodqt!c Survey began to be highly objective
in transmitting a picture of the undoruutpr relief, During the

postwar years the investigations of the Ceast and Geodctle

Sumy oncupuud tho Gulf of Mcxiec and tlu Alcuth":

‘chain, mru eo-poud from tho utorlalt of theu lm:tiga-

tions give an extremely detailed idea of tha undemtor relief,
Similar work on a somewhat smaller scale was conducted by the

U. S. Hydrographie Office; the object of the inhotigat!ons were
the areas of the continental shelf along the Atlantic coast

of the USA, |

The Great Britain investigations of the underwater relief

- during the polmr years were conducted,:on the one hand, by

the 'Dioemry' Colnittce subsequently tranlfomd into the

-52-
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National Qcenno_raniiic Institute, and on the other hand, by

the Hydrograshic Office of the iduiralty. Tae latter, in sar-
ticuler, or; au.utd the "Challen ey expe&itiou. British expe=
dit;ons cenducted systematic studiés of thevfloor relief in
the er storn part of the North Atlantic' especially broad ope-
ration ‘ue"e conducted near the Fa*oe-Shntland shnl’, near
the Icclané;éroenlanu snelf, in the Bay of Blscay, and near
she antrance to thc Enzlish Channel /203, 82/.

Other foreign countries were much lees active in a syate-
natio‘study of the underwater relief during the postwar years.
lest Germany conducted expeditions on a relatively small scale,
:ukin¢ syutemat1c studies of the North Sea floor. They were ore-
tanized by the German Hydrop anhio Institute /138, 394/. In
he vork of thzs Institute much attention is pald to problems
it method and to in estlgation of‘ooall relief shapes which are
.nterestlng both from the practlcal viewpoint of securing sea
‘ishinéy as well as for theoretioal’research in\connection with
he uroblem of the kuaterna“y hlstory of the continental shelf
£ “tuern ﬂurcpe. In France marine éeomcrnhological work ia

EIREY

ndeztaken by the Labo*atory of Marine Geology in coooﬂration

~t

ith the hydrograpulc Offlce. Thls work is malnly done on the"

ontuncntal shelf and partly on the coﬁtlnental slope close to
he Frenchkcoast in the ALlantio and in the Lediterranean, as
ell as close to the shore of French North Africa /12?, 128

A ...‘.
o _,\» 5 . PP TN - .
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({40, 141/,

o

i o Investigation of the floor relief of the Red Sea was begun

'by a Frerch oceancgraphic expedition on the "Cal:pze" /180/.

-

g After a long interruption, investigation of the floor re-
s .lief.of tne Hediterrnnean has been resumed by Italian hydro-‘
graphers and Yugoslavian oceanologists /235, 383/. Numerous | ’
4 Japanese re~ earch institutions are conduc’ :.na planned studies |
of the underwater relief near the Japanese coast for the nure- - ;)
nose of sxan1ning the industrial base of the fishing indus try.

Activities have been resumed by the Hydrograpnic Ofiice of the‘

Japaneme Navy vhich has concentrated its attontion on a stud&

of the [loor relief near the shores of Japan /261, 262 3#1,
345, 412/, 3ithin a relatively short time the Japanese oceano—
chists and hydrogranhars huve collected interesting material
on the -elief of the continental sehlf and of the continental
slope of Japan, and on the underwater relief of the Idzu-Bonin Y
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 Hydroaraphic 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 '

o

conducted by the Institute of Oceanology Acad Sci USSR since

g

1949. As a result cf this work a detailed study has been made

o5k
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of the floor relief of the western part of tie Hering Sea, of

the Sen o: Uin.otsiz, of the resior of the Kurile -iglond cn#in,
of the Sea af Janan, end of the Kurile;ﬁamchmtka ocaan treath
/S,‘Ré/. “thh attention is paid to thg study o+ Sﬁull ze“«ef
shancs in ordsr to learn wresent=coy reliei~forming'p:occsses,
dul CEGOTTA 1i§ racenns ructioﬁ in conacction wifﬁ the ctud;r of

soonozdeal structure and the pistory of the develcepaent of the

oy lniO.D GRixGe R BEW r'tc clnuter is represanted Ly works on

s

=3
+

th ‘Ludj of the floor r014ef of soxe reginns thcu are impor-

-

‘ﬁrt to 1ncxgtry and navigation. The Inbtltute of Gezan-logy

hos ai~o bnnun a nlanned study of the floor rclief of uhe ulauk

=ni hasnmap Sea *"lnl the TQtest nctnod& /Ql/.

‘o
-

The oblnntlllc-a escurch institutes of fme Soviet flsnln
incu-try have, for a number of ycorrs, been conductiu: rlanned

stugies of toe floor rolict of the izov, Baltic, Barents, horvay

and Lpe-nlond sense Kse2cislly noteworthy are the invaeztisations
of the floor relief of the Barants Sea by the activity and scope

of the works thaey are ccrducted by tne Folar Instltu‘c of tne

.

Sea Piuhingflndu,trj and Cceanosvaphy. At the yresent time the

Institute is veLou n: wide operations in the study of the un-

dcr':ter relLeA of tne sea of Norway ond 'reeulnng /21/ *he
12 ' 1

o
D)

}uﬁlflb Ocean Inst ituse. of the Sea Fishing Indubtry and ceano-
sraphy, together with the Institute of éoology Acad Sci USbQ, has

conducted studies of the floor relief of some regions of the

Q‘ 550




geas in the Far ZSast /112/. The floor relief of the northern

seas of the Soviet Union in being investigated by systematic

|
,4 studies conducted by the irctic scientific~ifesearcn Institute

i of the Main liorthern Sea Route /86/. Luite recenty, the In-

i - stitute of Oceanology Acad Sci USSR has started a study of the

| floor relief of the Antarctic Ocean,.

i It is clear that the years follﬁwing the Second World War
are noteworthy for the ever growing scope cf investigations of
the floor relief of the¢ seas and oceans. The number of large
couiplex expeditions is growing, and £h¢.network of systematic

:; photopsraphs is getting denser, The scope of the work conside=~
rably exceeds all ﬁhat had b~en done in this field in the caurse
i of the first decades of this century /129, 130, 339/. ﬁse of new
! investigation tectiniques has opened new opportunities of the
study of small shapes of the floor rélief of the ocean which

had disaprneured from the field of vision of the geomornholi-

piste, the study of the deepest ocean tfenches, and of the com=

»licated relief of the continental slope. The organization of

such large international expeditions as those realized by the

wrogran of tﬁf International Geopi-ysical Year /66/ scirves 2t a

prerc: uisite [for changing the nebulous and dim concepts which have
nravaeiled uﬂtil recently which will be replaced by a clear and

det~iled picture of t..e floor relief of the world's ocean in

the necr Iuture.
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§ i Basic Reeults of Reglonal . - \: i
s j ' o "~ Investigations , 5
; ‘; Phe stlantic Ceean, by reason of its geo-ranuic position,
) , % is today cne of the most imrortant objects of ocdanograniic L,
' { invesui;ations; In recent years the atténtion of ‘researchLers f
|
wae prindipaily“ooncentrated on a study ol the ﬂorth.Atlantic, ) %
- ywhich A8 gquite nztural, if. we consider the lodhtibh.éf\;g; main T
G |
” sea linen and regions of maritive industries. The Nerth itlane i
Ctic hes ldng attracoted the attention of researchers, thanks to
which tue floor relief of this half of the ccean pad been stu- b
' Ched dn jahnril ovtline quite well even before the vwar. The :;
; "Lﬂ_liﬁatiﬁn of(néﬂ'technihues and metihods, however, méﬁé'way g
" for conwidévablclnow sohilevesente also in tiais canc. g
Tue basic peculizrities of the flocr rolief of th: Hortlh y

e e arin

itlentic are described in detall in the works of Tolstoy and

<f(: edng /422/,A3méfy /1687, Toistdy /421/, Heezen, T :ing and

Sricmen /284, Bwins and Heewen /200/ and ¥ill /z03/. The

most coaplete beteyacteic charts drawn from moterdal of the

l»test investizntions arc ziven in the worvs of Uatatoy /k21/

anc Hill /2637,

v Tae most laporiznt fewiure of the uvnderwater roliel of . '
? . - the Ferth atlantic is the cuiatence ¢f & hure sirociure of the

i Mid=stlontic ridge, extendiny foou the sicres of Iceland south= s
3 word ecross the entire Hortl atlaptic and tuen fcross the

i
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louthcrn part of ¢t oeun fbﬁithﬂiutl‘h'fcg!ot‘t of Tristan da

Cunha Island, m- u . nu!n mountain atructure; its width, '

lncluding thc !oothulc. ungu from 300 to 500 mles ( mto

‘500 k-). and in tho highost part cqunlc about 50 nilu (90 l:n). B

The altltudo of tho undemtcr ridgc reaches 3500 to 4000 n
abovc the floor of the lurroundtng buins. ‘rherd_ are three dis-
uact -orphological zones of thc ridge: ' o
1. The highut ccntral zone; it is characterized by nume-
rous paral lel ridges oriented nlong.thc main direction md ri-
sing to depths less than 1,500 m with their rocks and precipi-
~tous peaks, .l‘.oc_atod a_pproxlugo_ly along the axis of this zone
is a longltudinql_:t?ncly vhlch'.kby_l.'lfﬁﬁ'é’mrphological pecuvnﬁa.
rities, can be co-pmd with the East African grooved nlleyi.

Specimens of rocks occurr!ug tn their place of origin wers ta-

v ’! Iun froa thc puku*-aud"lolopu of tlu c.ntrui :cm of thc: Hid-

Atlaut!c ridgu fngnnu of ouvim bault, pucu of lau,
and volcanic uhu /151, 373/, The origin of the relief of
this ridge zone is associated with intcnéc tectonic disloca-
tions and volcanic activity,

2, The so-called terraced or intermediate zone; it extends

.- aleng beth sl’opn[of thj Mid-Atlantic ridge at depths from

25900 to 4,500 m, “This zone is characserized by an extensive

" rolling relief and broad flat plains located at different la-

" vels, The formation of these flat plains or “terraces® is asso-

- 58 =
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ciated with a filling of the depressions:of the primary.tecﬁo-

nic rclief with masses of sedimentation material, deposited fronm:

the slomes of {h:z central zone by turbidity currents /2ha/,

3. [he outer :illy zonre; it renresents the focothiills of

the rifge. Tt omtends on Loth sides of the ridge ond sennintes

the interacdi:qte zone fro. fthe floor of the adjacent brsing.
Thans to the 2miztence of tne Tid-stlintic ridpe and ithe

- L A N e A RS WD e T R
pecwliseiticos of Lhe corfiuratisn ol the centinentzl slones,

sevaral Lasins ere clearly distingeishable in the Worth itlane

vies tae Newfeundland, the ilorth luerican, the Fovth Conaries
{lorth African); ani the jlorth-sartern, The floor of these Lre
ding eossisty o1 vide nlains located ot doptha of the order of
Sy2G to B,h00 me e susvace of the sleins s noorly novizone
-

tal dn o She ecentral pacts oad s5licntly siopdint at she e&gé..
Thus, im the cenitrrl mectors Lhe dee -see ploing heve surfece
taclines ol no oaere Lhan 1o L0l while olons o the enges she
ieelinos cpre’l p 200, Investi ctions of the deenssen »lains in
wsing of The ortha «tlantic have diesclosmed, on the wiole,
an unucual flatnees of their surfece, vhich iz in sharn cont-

st to the complex sepuration-of (ke ceatinental slones end

tre

3
slopes of the jdd=itlontic ridee /2037 421/. aionzg vith
this,. individual uvnderasater vallevs were discovered on the

surface of tha deep-cea. pluing, both in the sliphtly sloniug

oubtr raglons, as well as in the nearly léri.outal central

".uv. T
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mejor mart in the alady o

aasuzatsn cud of tha relief-vovadany activity of the ture

cureants vos wluyad |\

D

vith the uwnder wizse nart

-

by lnve coslens conducied in connzetion

26 in the ragion of

oy

ouakas o

contliaental zlone neer the drand Hznis, P.is eartiiunie mros

Auccd 2 larTe nadery ter slide, and subsecuently a nowarful
) o -

-~

surtidivy current which severad subasrine tela resvh cob

and disnleced them hundreds of kilometers aleciy the ocesn

~

floor /145, 1935, chz, 246/,

Mnerous underuvater :icuntains n:zv. veen «iccovawed in the

FKorth .tlartic /i, 311/,

wue mnst nart they bLelon:: to

the liigentlantic ridze. Fert of tihs undersater acuztuins is
(=]

also as~cciated .iith the vast rise of the Zderiuda Islands.

In addition, souxe isolated mountsins have been disccvered

within -the ranve of basins in th: liortia itlantic. The peaks

.-
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;ot -many underwater mountains rise to dapths less than 1,500 m.

Some nnderwater mountains are flat-topped and lndicatlons of

tgrraces on their slopes. In places the mountains form groups;

for example, a chaxn of mountains extands from Cape Cod to the
.. Bermuda Islends and then to the Mld-Atlantic ridge. A slmllar
. chain. of moustains also stretches from the Azores to the re-

. glon of Glhraltar. Detailed studiee of some underwater moun=-

- tains of the Horth Atlantxc 1nq1cate their volcanic origin,

aad the tise of thelr formation is associuted viith chalk /245

a6, 3, B

_The deep-sea plaina in the baalns of the North utlantic

| extend, as has bean noted, at depths of the order of 5,200 to

5,4CC m, The maximvm depths in this half of the ocean belong

to the deep~sea tgonches_of Puerto Rico and Romanche. Detailed

. studies of theArel;sf of the deep-sea‘trenchvoflPuerto Rico

_have made it possible to determine that this trench is about

750 kn long, wmth very thsted slopes and e flat amooth bot~
tow at a denth of the oruer of 7,500 me The width of this flat
bottor fanzes fron 10 to ZC km /19%, 345, 355/. i wide massive

bank aeparatgp.the Puerto Rico trench from the floor of the

plain of phgvxorth.AmericoP basin located to the north. Phere

S & numhcr of underwater u:untains within the limits of the

) tr°nch ”ﬁ*qh d;vzde the floor of tae trench into two separate

A',‘, .f

p*alﬁs..the northern, at a deptn of aoout Ty 9(0 m, and the

061'0
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-uuthe n, &t a depth of adout 7,4CC m. The origin of the f{lat

N

notton of tb trench i3 exn'sinad hy an ihGtensive achJulafion
o seiiméﬁf, carrind to sreat deft;s turn¢u1t" surrents.
nlem of tan caaniocad Jdectin of the forerto Rlco trench
is cSmpliénted by tie circumstance tnat there aré contridictory

it. Detsiled investi tione of the trench cone

soat Geolosicel Cohscovatury discovered & MzEiie

1 /ey, 586/, wuile on the brasis or soue

otlor osarnticns in this trench, the indicated ceptls ave 2,215

WO

nd 9,155 m /3512, 405/, The rooorts of Horthrop, Jwiag and Heezen

seen to ns to D2 sore provable, since they are bried an detpie-
\
led investiscoticns of the veliel of the rsuerto ico Lreach,

-

Investioations of the dsep=ne.a Ronencre trench carrie
. EA

out by thz "ilbstrosst ewpedition were legs detriled tlam the

aevican duavastiootiocus of tue Tanrto Jieo trench. The nssriiun

davth of the lomavche french is 7,720 aceorcine o new dute.

ot
+3
sl
o]
<
()
d
“']

.m L.e tan the loveosieution of tiis trench is

tho ,indlnb that ite botton is jost as {lat as ol tlie ot.er

deen=s2e trouchea. Tihe hottos nlain of thé onenciie trench is

locrtad &t donthis of tl: or’er of 7,200 to 7 Lot 255/
In senersl, the depression of the North utlgntic is bouu=

ded oy th: rise of the coatinents in the east and west, iMe re-

lici of iha continental saelf end of th: continzntal slove was

studled iz such gre ter deteil in recent fe. rs theh ths rellef

¢620
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. bf the open spaces o: the 4Atlantic Ocean. A new feature re-
¢

- -

I

mnﬁtinu from theae inves*mgation xs the correct CQnOspt of fhe

j ;melxef of the contxnantal slone as a complex relxef of the inter-

medlate zones It was found that there existj withln the- liuits

wi thevcoptlnental slopes of the North Atlantlc, along with re=-
Imftively simple twisting benches, also great sector& of an open

inclined and even horizontal bottom, rises and baszns /263, 422/,
WmRerwater valleys have been found evq:yyhere within the limits
»f the cont¢nental elope.t

Exceptionally detailed inveutigations of the relief of the
«wontinental shel? and of the coutinental‘slope were conducted
fm the Cariibeah Séa /337.,355, Q&S((and in the Gulf of Mexi-
©o 4123/.‘Very detailed bathymetric charts have been plotted on
e basis of these operati@ps.for the cogtinentél slope and for
#the shelf of the Guif of Mexico /229/. The problems of an asso-
efetion of the underwater relief with tectonics were basic in
the investigations /154, 155; 27k, 400, 433, 45#/,_but along
witth this, studies were also mede of the Quaternary histofy of
#the region and of the processes of contemﬁorary davelopuent of
i relief /168, 213, 390/ |
Detailgd investigations of the undervater relief vers: also

@@mductgdkon the gcnﬁ@nsp}al éhel£~9f thq,gastvcoast of the
84 /167/{ Thece werks are particularly interesting with res-

‘paelt to possibvle naleo eorra.ulc reconstrugtions of couditlone

L) 630 '




of the Cuaternary period, since there was here discovered a”
well-preserved‘relic subaerial glacial and erosion relief /333/.‘
The inv:stigations of underwater canyons close to the coaﬁt of
tte US., be;jun fafore the war, wer:z furt er developed in re-
cent yesrs in connection with the nroblen of studying the tur-

bidity curvents /3k%/.

The attention of cesocrcicers in the more noeathorl, r2 ‘long
of *he ~tlantic was draun to an underuater i ipe extending hot-

waen Oroat Britzin and Greenland, This rilge COHblutu ol szeveral
banks which héve a considerable eflfect on the cul.aritlu of

tﬁe sinter exe ;anwe between tho Morth atluntic .nd the lierth rce
tic Cca2an: the Thouson bamk, the Faroe-Sihctland, the Fornz-Tce-
land :ns the Icelrnd-Ureenland. The confijuration of th-se banks

TR

has corglderably been clorilin

[
M

zx a ramlt of thne lotezt recn-
srch, and thls in turn, «ites it oowuible o ke vwhvy patare of

Lo wator erch nie more orecite /1673, L1/, Tue Liculilization

D)

of *le upvwer surfzces of the “enis, to which rich fis.lia); rerions
are attacked, has asde it nosuible to ecuip the gea fisninm ine-

Auozey uitil detailed bathymetoic charts /21/.

3
, N ~
(i

Detailed investl.ztions of the undzrveter vellsf of

-~

tne con-

M

tinentzl olelf and of the coiiinental =looe were conducted close

ver: .Jade of

i

to the 3British coast /263/. . a result, studies
the underwater vallieys of the continental slope, of tho genzral
confiru

,
r
[

cation of the continental slope waich has an extrec.uely

o 6h

v



.corqglicated outline, detailed clariiication nae besn made of

thas floor relief of Lh: .nzlish C annel whien iLg inmorteunt for

an understeniine of the eclopicel istery of northwastern

w

Durdpe /254, 202
Tie gtudy of the fleoor relial of tuz Joxth «nd 2oibic fea
cevejexzed in the cirection of detectia; sasall »olled slhines

vnich are of spreet interest to saleosrzocras . ie receo.strucetions

/361, 3.8, %08, L0/, artienlacly intevestin: werc th2 torks
which nmade 3t »oesszible to detect on tlhe vobtion of lliesme scas

traces‘of Juaterary glaciutibn in‘thu shoue of ter:inel o=
raines Janhy 388, 157/, Doﬁniled bathrasteic éh~r“ﬁ dravn on
tie basls ol -the lutset data are of -sreat —vacticnl ic.oonrtance
to the fishing industries- ir thes: seas /L37/.
Studies of the contipentsl shelflanc or the contiaental
slone off the coauts of France and Orain were coninetad on e
relatival ® smzller sczle, but evan here the r.sults of coce=nt
investications provided detailed informution concerning under=
water valleys diving the continental slope /127, 128/,

The latest invcétigations of the Mediterranean floori
which wes quite inadequately studied earlier, have chanced
the cancept, of soue quite significant peculisrities of its
undervater felief and of its dewtls /235, 383/ 4 The detailad

study of the ccntinental shelf and of the coutinental slope

in the southern part of the ‘editerranean siiulteneously opens

65
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,é}eater possibilities to a careful couparison of the underwater

relief with the tectonic of the land /141, 273, 302, 36%/.

The results of a study of the relief of the continental
shelf and of the continental slope of the Atlantic coast of -
North Africa provide interesting material on the Guaternary his-
tory of the Senegal delta /423, L2h/,

The floor relief of the South Atlantic was not studied in
such detail in recent yvears as the underwater relief of the
North sitlantic, Information broadenipg earlier concepts of the
undervwater rellef of this half of the ocean was obtained xkmzmrg
slong the itineraries of reconnaiséance expeditions, Thus, for
exannle, intcresting data were obtained on the sxistence of the
same “ind of deen-sea plains on the bottom of basins in the Zouth
Atlantic, as had been discovered in the North itlantic /200/.
A stud:r was nade of the relief of the southern part of the liid=-
atlantic riage #«nd it was observed that the surface of the floor A
within its limits is highly complex in structure /285/. However,
the material ccllected in recent years on the floor relief of .
thae Zouth Ltlantic was apparently insufficient for drawing new
bnthynetric.qharts.

The Pecific Ocean represents the greztest vater expanse of
the =arth, éxceeding all the otuer cce.ns in zrea. 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

. 66,
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o religf of tha Paci‘ic Ocean was mostly in the nature of reconnais-
SLANE e mtlepds oL oy <
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relief éhapes of the Pacific Ocean floor. Discoveries were made -
of underwater nountains, a conmplex division of the ocean floor

surfzce, undervater hills and valleys and benches: 2ll this ra=-

dicelly chanses the earlier concents about huge pilains of the

ocean floor,vundiaturbed by any wrinkles. The results of the la=
test imvestigations untover a true piﬁturg of théﬂmu1tiplicity
of the undervater reiief in the Pacific Ocean and provide an
approagﬁ to the solution of the problems of the origin of this
§cean floor and of iéé‘geoﬂogical 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 /16&, 172 b, 441/, However,
a nagor;ty of the survey works is confined to an analysis only
of individual parts of this greatest ocean: the‘western, sotth-

western, northwestern and northeastern /29, 174, 257, 259, 323%,

-323 a, 343, 349,_357/. Bathymetric survey charts from material of

the latest investigations are citeﬁ,_in par?icular, in the works
of L. A. Zenkevich, Diety, Hess, Hess and Maxwell, Menard and
Dietz /29, 177, 257, 259, 326/.

.. As hﬁs’aiready been mentioned, the most ;mportant features.

of the floor relief of the Pacific Ocean are determined by the

'nxistence of underdater mountain massifs which separate thn‘

ocean into eeveral nrincipal basins. The dlmensions and confi-

; guratigng of some of them were investigeted only in recent yeare

&

egg




-o7Mhusy (4 was.found that-the earlier Jnown undervater Hawaiien

gtdge-in thaseentral part;of,the ocean, dojually extends for
-inérth, 611 the: layr to the regiop of the Komandorski Islands,

A7 99 17‘* «211/ . Conaeguently, the _Hawaiiap undervater ridgo

oot 3

v.,*shoulﬁ*now baregerded-as an. important 19}: in a huge mountain

wsm Iorme&sm ;J; togethep with. th !‘nnping ttdge, t}:o 'l‘unotn

rAA‘.

'''''

syat,om ‘extenda:.-g&bropghqu_tj;p;xef’yo_l\_ze 1259;55_{‘15 “9&95‘;8‘_4‘ {npttczfgnéﬁely
-.‘in; the .meridional,, d_i.;act.ton .and itswsiaa can be conmpered w‘ith
the Hid-Atlantlic and .the Mid-Indipn :;idge. & e v e
st Tin ,It ahom,s]glg,bo noted that the discovery. of the northcrn

ST part of, bhe‘@auiian ridge,,gompels us. t,o .epeak of & divis.tgn of

.Jthe:nor-thcm..an;r;.r;otmshqgsl.esn of the Pacific fceas into two ae-
aule parate: basiau +the northwestern. and .the ‘nortl}eastem.
i H.Detaihgi\-inve@tigations of ghe yndervater ] Hawaiian ridge
sxpose & number: qu peculiarities 1n, its structure which g{:_tftiren-
‘tiate it. fromthe,Mid-stlantic ridge, The underwater Hawaiian
ridge is in 11:5 entirety; a- wide f(np to. 600 ,qiloa, i.e.,, 1 100
.. km); and- passive rise, ubou,t 1,000 .m ;u.gh, which could, be called
Lo -;tr.bnnk,mnd,;:gjloqs, -g_h,qayg a.n_,;;i.q;l.wj.&,q;. .,au;)fb we. £ind the mountain chain.

For the nos;,;w& (these . qonntains Are, .‘chatcd 8o, Q;LJQBQ. to%ether

-7z . thet thely, hgqog abut, . xgrminj ,1&;3& maas:l.fs,, hut :Ln some places

2 they mnta&na hodr dn éiziadual,-tty /Fl76, ,176“%, ‘506/ . In ,the nor-
%hqm ect.qr,«;gf ngh.eﬁg,ﬁ.dgq sthe. taps of the mog%t,qm iare, quite
g.,fl.&t gnd v;o'sOrgd«\g.th gﬂ,ggg,\ot moqtheqad Jpebbles, The Mpotro-




‘graphie¢ composition of the pebbles from the ‘tops of this sector

of the mount:ins is similar to that of the velcanic rocks of

Kamchatka and the Kurilles /301/. This can possibly be explained

'byvthe:bimilarity of the petrographic 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-

aiéiaﬁ were carried here by ice floats in the glacial period.b
A characteristic feature o: the anticline rise of the Hawaiian
ridgb is its junction, along a cpnaiderable length, with a slo~
ping depression which extends along the'oaéﬁbrn*alopa.

" The Mid-Pacific bank which was investigated in recent years
possesses characteristics similar to those of the anticline risey
it extends from the region of Necker I.lund (Hawaiian Isl:nds)

to the region of Iwo Jima (volcano). The width of this bank also

" reaches 600 miles (1,100 km), Numerous undérwater 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 featurej they are located at
the edgé: of the ocean bottom along the deep=-sea ocean tpenches
/101, 104, 174/, The Zenkevich rise, extending along the Kuril-

les-Kanchatka trench, can serve as an example of such a bank,

'‘Vast elevations, located at the bed corrers at ‘the junctions of

some banks and ridges are the characteristic relief shape of

P
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of the Pacific Ocean /99, 392/,

In addition to the underwater mountains of the Hawaiian
ridge and of the Mid-Pagich bank, a sultitude of isolated moun-
tgius hes besn diacovered in the Pacifig Ogcqn‘ig recent ye;;s;
actually they ufo,scnttgred‘all‘cvor ?hqbggggn%{}qo: /57, 175 a,
256, 322, 325, 338, 397/. While it is true thet vary many under-
water mountains tesd to bg‘locatodvoﬁAthg surface of banks, or

forn part of the system of mountain ridges, between the banks

_and mountain ridges of the Pacific Ocean, on the bottom of the

‘basins, the aumber of mountains is qxt;ggbly large. These moun=

tains represent just about the most ehargetgriqtic‘featuro in

. the sppearance of the underwater relief §:,thq Pacitic'oceaﬂ.

As regards thgkpoat thq;pngh}y ;nyagti;g?éd gndorwater moun~
tains, for example, the mountains of the Gulf of Alask; /325/
or of the Mid-Pacific bank /176 a/, thbj!gqyoAround contours

in the plane, twiating»glopea (anglo pf incline up to 10 and
20°), sharp or flat and smooth tops located at depths of the
ordsr ofxl,BQQ to 1.706 n. 8pecimeps of ;pgkﬁ @ccurins in their

Jplace,orzgrigig taken from the foys}qg<nn§9rwq£9rAgodntaina in

theigo?therg regions of the ocng‘conaigg‘qf fragments of vol-

‘_9gpic_lays’(éliving{pqaa;t), and in the southern tropieal and

equatorial regions they consist not only of lava fragments, but
sleo fragzents of well-cemented fauna of coral reefs of the Cre-
taceous age /176 a/, It is & remarkable fact that in sediments

covering the slopes of underwater aqpp&g;hg,qt the Pacifie

-7 --
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| Ocean with the exliating coral islands -- atolls -~ shows signs

'It is assumed that the underwater moﬁntéina ares volcanoes whioh

Ocean, foraminifera of the Cretacedus period were discovered '§§
‘ [

A comparison of the underwater mountains of the Pacific

i

{
!
|

L

of considerable similarity between them /174, 178, 192, 256/,

were formed in tae Cretaceous period. In a number of cases the
tops ¢f the voléanoea originally rose above the surface of the
water, but were subsequently cut bj the action of wave abrasion

and served as foundations for coral structures. The submersion

- of flat mountain tops to their presoﬁt depth is explained either by

puglonall téctonic cave-ins of the o‘cth; xuep, or by local cave-

ins of ths earth's cfust under the weight of mountains /176 a,

}25/. There is evidence in favor of the latter assumption in the

very peculiar eircular ditches surrounding the foot of some of

the mountains. The circumstance that many underwater mountains
complofely lack coral reefs, can be regarded as an indication )
that in their development they lacked a stage at which the top ‘
of the mountair rose above the water. In those cases where the

mountain top‘ia covered with;égral reef, the submersion of the

mountain without compensation by reef growth should be regarded

as an indication of the speed of submersion, or ef an unfavo~

rable change of ecological conditions, since the results of

drillingsioh tiilfing atolls also show a deep submersion of

the volcanic foundation and compensation of this submersioh

A4
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by the growth of. the reef /178, 303, 304, 305/,

-

vlror-t long timévtho bottom of the basins in the Pacifie
Ocsan consisted of ideal plains. However, investlgations or
recent years have disclosed an extreme vatiation cf the relint

of—small and mediun shapes.;Considerable areas of the oooan_

 f1oor have a eomplicated hilly reliet, while a flat bottom ia

found : only in tha depreesed floor and ocrupies a relatively small

area, Thus, for»examyle, along.the itinerary of,the Americaq

"Mld-Pacific" Rxpedition, the floor vas a tlat plain only )

: along 37% of the route, vh;le 63% of the route showed a sur-

face of the floor rith complicated . dzejunction /176 a/, The
Soviet. 1nvestigations of the northweetern part’ of the Pacixie
Ocean made it possiblo to determine that vast rises and eleva-

tions, even if they are relatively low, as well a8 considarable

-areas of the floor between then. are not perfectly flat, but

have complicated dlaaunqtiopq, and areicpyere@ with hills and

- bisected with deep valleys., In the @pat dqg:eqégqmpa:t between

-+ the Hawaiien ridge and the Zenkevich rise thg;égeantgloggtwga

found to be flat, but within the limits of the plain a narrow
area was‘diqcovefqd$hay;ng;§n;gxgrgme;;”gqmp;;ggtodvpeliptx

fepresentiug; a combination ét moﬁntaina and trenches /jk9/.

+. In our opinion the zone of. such a complicated roliof ia the

result of intense tectonic dislocations. 1t extends for hund-

- ¥eds; et kim%t@m“ésrePtemtm characteristio 199&%?%5“!'

,.-0f .the floor relief of the northwestern,part of the ocean,
o - L e : ‘ .» I A S I R Wik el d

L




It is 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 reglons of
complicated disjuncticn and perfectly smooth surfice of the
floor, This evidence refutes the earlier concept of an even
eovefing of sediment smoothing out the original relief of the
oc;aﬁ 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
pléco in the ocean'dedpu, of the displacement of masses of se-
dimontation material along the floor, and of the preenminent
oveﬁing‘of the floor depressions on account of local sedimen~
tation. It was noted before that the discovery of perfectly
gmooth 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 cond}tions 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~

iil'aldpe abuts direotly on the ocean floor /323 a/. In the

“rindinipg parts of the ocean, where the sone of the continen-

tal slope is separated from the ocean floor by deep-sea ocean

-



i B
Gty o

Lo

:tfﬁﬁéhoéwﬁhich appear to be pitfalls tor‘turbiditj ocurrents,

i thc rolo ef the latter in amoothing the floor aurtaoo seens
“jté Ye"dogbtful, It should therefore be assumed that the re-
lidt-torning rolo of some-éther exogenic procooaea, tor exam-

pl. br botton currants or internal dislocations of aedinent s

s ﬁm.“fi.rigﬁould be much greater than.itg-nafoarlipg assumed.

A“A«{iviétigntion of snnli relief ainpeannidely distributed
"lh*thé*iurfaco-of the Pacific ocean floor shows that among
thon thert 48 a prevalence of hills with: 1aonotrio ontlinoa.
Tho inmonac deptha at which these hills- havo been discovered,
oxcludo. 1n tho opinion of a najority of . authors, the possibi-
lity ot thoir -ubnorul erosive origin. It s difficult to ex-
pluin ‘the origin of the hills as due to bottonm currents or
any‘othcr exogenic processea under conditions existing on the

ﬁﬁ%S%iﬁ*!ioérs A“tocton16.or velcanic origin of these hills

" seems %o be the most probable /99, 176 a, 284, 285/.

A study of the luws governing the spatial distribution of
inall and noaiul'ahapcs of the Pacitic Ocean floor reliof, made
1t poasible to observo the folloving important features of the
oocaa floor raliot. It was found that aono sectors of the conp~

A 1ieatcd roliof stack up into a system of novoral linear sonol,

vhich aro oﬁllod shear sones. The charactor of the irregularitioa o

ﬂof tho tloor ‘dn -the ahour sones is quito variod: it poasonaes

steop'hndlhi;h benchea, underuater nountuins and hills,: deop




! ‘ot great steepness (in places up to 30°)," extending in a 1atitn—~

I

_in the eastern part of the ocean, callnd'thc Hondooilowsono}-

' 48 eharasterized by a high (1n sons places up to 2 500 B) bench \

dinal direction for almost 2,500 km /321, 323 a, 326/. Other
|
zones are noted for thoir parrow trenches nnd chains, as, for

'oxample, the shear sone discoversd in the northvoatqrn part of

 <tho ocean /349/ and the so-called Murray shear zone in the

eastern part of the ocean. The combin:tion of deep trenches and
1ittle chains of underwater mountains distinguishcu the Clarion
and Clipperton shcar gones /323 a/. All A1l shear gones are aoted

- for thcir issense leagth. The shear system of the eastern part
- of the ocean alao shows & ronarkablo parallelism of the sepa-~
rate zones and their oxtension of the continental boundaries
iot Korth America.

”' To sum up what has been said above on the results of the
latest investigations ef the Pacific Ocean floor relief, three
Special features can be noted. First of all, it is a prevalence
. of ahapes»cf tqctonic and volcanié origin in the relief. The |

Pacific Ocean flder should apparently be regarded as a region

. of the greataat display of volcanoes anywhere on the earth.
- Further, tho ocean flcor relief shows signs of some regulari-
. tlies on a plnnetary scale 'hich deternine the direction and .
v~distribntion of immense nonntqin atructures, and the location
%gof undcr'ater volcanoes and shear zones., Finally, the develop~

ment of deep-sea plainn, along with the eonplicatod floor ‘relief

NP
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provides evidence of the variety of surface relief-foraming proe -

. ceases in the gcean..

‘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 parf of the Pacific, Its western

pert, on the contrary,-possoasos’ah extremely complicated relief
of the outskirts, representing an intermediate zone, and within
its limits there are developed largs mountain massifs combined
with deep-sea ocean trenches on the one hand, and basins of the
outlying seas, differing from the ocean, on the cther hand,
Soviet oconﬁologists have conducted major operations of
atudying the underwater relief in the outlying seas of Eagt
Asia during the course of a number of recent years /29/. As a
result of numerous expeditiona of the Institute of Oceanology
Acad Sci USSR on the expedition ship "Vitynz'? detailed bathy-
metric charts have been plotted showing the complicated relief
of the intermediate zone. A study has been made of the relioc re-
lief of the .submerged continental coast, providing evidence of

considerable: local submersions which accompanied the develop-

ment of the intermediate szone /58, 96, 103/. Fumerous, hereto-

fore-unknown undervater rises and ridges have,bpgh discovered
and investigated within the szone of the continental slope. For

gxample‘ a large underwater ridge has been dissovered in the

.
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dering Sea, It is interesting that it ias locatod'oxactlyfﬁ

extension of the underwater Hawaiian ridge of the Pacific Ocoan.zE

PR

It is possible that the ridge discovered in the Bering Sea is

only the very northernmost end of the Hewalian ridge, involved

4

in the development of the intermediate zone and now aeparated
2rom the Hawaiian ridge by the system of the Aleutian Island
chain and by deep-sea trenches, The expedition on the "Vityaz'"
discovered an outer undgrwater ridge of the Kurilles Island
chain, and underwater ridges within the limits of the Kamchatka
continental slope /6/.

:  The undervater valleys of the Kamchatka continental slope
were subjected to detailed inveatigations; their shapes are on
the s:zme scale as the widely known underwater oanyons of the
C.lifornia 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 volcances, Certain features of regularity can
be discerned in the location of above-water volcances which '
could not have been noticed before without the data on the lo=-
cation of underwater volcances /8, 108/, Flat deepsea plains
have been dfscoverod on the bottom of the basins of outlying
seas, separated from the ocean by the mountains of island
chains. The: 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

-8 —
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floor relief outlines of the North Atlantic basins, and it is

qnit§ §robablo that the formation of these plains proceeds in
anu;naibgoﬁs manﬁer under the action of tﬁrhidity currents.

The expediticn on th: "Vityaz'' paid particular attention
téAé study of a belt of deep~sea trencheé‘associéted with mounw
tain etructures of the intermediate zone. As a result of these
investigations, the heretofore unknown true dimensions and cone
' figufatibh.of the Kurilles-Kamchatka deep?sea trench were estabe
lished. The morphaiogical interrelationship between the Kurilles-
Kamchatka trench and its neighboring Aleutian and Japan trench
has Béon'élarifiedgldsvﬁbil as between ihé'Jiﬁéﬁ trench and the
I&zﬁ;Béﬁii'tiendﬁbig the south and the’%éfﬁié;nvend of the Ma-
rianas trench. It was found that the Kurilles-Kamchatka trench
"is extremely long == about 2,000 kn. ifhjaiﬁs'the neighboring'
‘‘trenches <= the Alsutian and the Japan, forming together with
them a huge ditch which extends along the western edge of the
Pecific Ocean from the coust of Alaska to the Marianas Islanda,
The maximum depth of the Kurilles-Kamchatks trench is 10 ,542 m,
i.e., it is close to tae maximum depths of the Marianas, Philip~
pine, Idzu-Bonin and other deep-sea trenchés of the Paczfic‘;h
Ocean /98 100, 1oh 106/. It ia possible that this almilarity
indicates some common rules of development governing the tren~
ches. The Kurilles-Kamchatka trench has a cnaracterxstic V-ahaped

‘profilo, and the steopnaaa of 1ts slopes roaches 10 to 15°. In

’tho}deepest part of the trench there is a'‘narrow area of a flat

— 79
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smooth bottom -~ the width of this area is between 5 and 20
miles (i.e., from 9 to 35 km). This préfile shape and the flnt
bottom are a common feature of all deop-eQa trenchea., The £1e
bottom of the trenches probably rolates to the surface of the
accunmulating sedimentation. It is quite probable that the evene
ness of the trench bottom is associated witﬁ landslides and f;r-
bidity currents, | ‘

The expedition on the "Vityaz'" ;lao investigated the relief
of the western part of the Aleutian trench. In the region of the
Komandorski Islands its depth reaches 7,000 m, The trench has
very steep aloposg in places almost vertical bgnches were obser-
ved, 2,000 to 3,000 m high. Its bottom is also flat. The passage
from the Aleutiap to the Kurilloa-Kamchatgg trench 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 doundary
between the Kurilles-Kamchatka and Japan trench is a little dif-
ferentj here we observe a relatively narrow and oompiicatod
forked threshold, above which the depth reaches 6,700 m, i.e.,
much more than gpovo the abutting area:.of the ocean floor, so
that the region of great depths is not interrupted in the trench,
Horphologilafly, hotgver, the throahgld at the junction of the
two trenches is qﬁite élearly noticoaﬁlo. The relief of the

Japan deep-sea t:9n9§ is similar to théhrplipf o;'the Kurilles-

Eunchatka trench: the same profile shape, approximately the same

" ,-f) '
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atoopmo- ot -lo)o-, and & tlat n-ooth botto-.

vA. study wvas made of the system ot doop-on tronoho. cxtoxi-

1

’ ging sothward from Honshu Island along the Idsu, Bonin and Iwo
\Ji.ﬂ islands. anrlior it was assumed that they all ccnntituto ;
'a single unit Iith thn Japan trench. !htir caurao, holovor, quitol
sharply differs froea the course ot the Jtpan trcnch, uhichzlios g
'oaatvard from Honshu Islamd. They also daifter frem. tho :apaa
trench quite markedly by the nature of their relict, Just as they
do_from the Kurilloa-lnnchntktatronoh. The. steepness of their
slopes near the islands of Idzu. Bonin and Iwo Jima is not quito .
is great as in the. Japan and. Ihrilloa-!hnchatkn tronsh, bnt tho
relief gflthq“g;opo_cnrtue-a is p—, more conpliqa;s@, The bot-
:vtou of these trenches, although evem, yet it is not quite smooth,
-and constitutes a series of separate cells. In the future it would
b; sore expedient mot to circulate the tera an:n}prqnch tp‘in-
clude the trenches ndar the islands of Idsu, Bonin and Ivo Jisa,
since these  trenches appear to us as independent formations, asso-
ciated with the mountain atructures of these i;llnds.l;anddition,
1§1agen§&£§1bc incqrrect to use the name Bonin with refersmce to
the trench lying eastward of Iwa Jima, and separated by a high
thrqsﬂbid fr&nltha_t?;nch which 1lies east of the Bonin #s;qnd-.
Since the trench near the Bonin islands is morphologically elo-
soly associated with the trench near the Idzu islands, it is
{-oro_gqgggctlgoﬁrgggrd both as a siggle trench Qnd tb;ca11¥£t

.
'

the Idsu-Bouin french. The trench near Ive Jima might be cespe

L4
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letely independent, and then it could be édlled-the‘!wo‘Jila“
trench, but as yet the problem. has not been clgrified édncora
ning‘its association with or separation from the northern end
of the Marianas trench. Perhaps it aboulk‘bo'rigarded 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 de

as follows: the Japan trench -- 8,412 ‘m (according to the data

' of Japanese Chart No, 6901 /174/), the Idzu-Bonin trench =

' -‘9,810 n‘(according to data of the "Vityag'" cxpeditiéd)i .

The depth above the threshold separating the Idzu-Bonin trench
from the Iwo Jima trench ia 3,760 m. - |

The relief of the intermediate zone in the western out-
skirts of the Pacific Ocean was recently investigated by Ja-
panese researchers /341, 342, 412/, Their main attention was
centered on the relief of the coastal aholf“hnd’o: 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 cbnducted'closb'ta the coast of the

4sland of Hokkaido; the results are shown on detailed bathy-

metric éharts and in articles /99, 277, 286, 415/, Detailed '
studies were made of the underwater vallqyi on the slopes of

the islands of Honshu and Shikecku /240, 341, 342/. Japanese "

‘dhvestigations also embracéd the region of the Idzu islands;

-8 -
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special attention was focussed on a study of the floor relisf

in the region of the Bayonnaise rocks where, in 1952, during an
cruyfioh of an underwater volcanoe, tho Japnﬁeao research ship

"Klyo Maru"sh was loat /266, 330/.

Insostigations of the relief of doop-aea trenchoa at tho T

~western outskirts of the Pacific Occan were recently eonductod

by a number of large oceanographic oxpeditions. Thus, for cxan-
ple, the cxpedition on the "Galatea" cwnducted detailed investi-
gatibnn of the Philippine trench, diascovering the charactqriatic
outlino of its relief, pceuliar nearly to all docp-son trenohols

- a V-ahapod croea profile, ato&p slopes, und flat smooth bottom
_/;#4, 280, 443/. As a result of thq_p;udy%pt the Philippine |

trenhh bottom, a conc;usidn was reached as to its maximum depthj

. according to the data of,ﬂﬁalatgg",iglia 10,265 a, which 1a“g

little less than the depths of this trench indicated before
/260/.h

| The 1nveatigation of the relief ot the Japan and Izu-Bouin
trgngh}!ga pgrriod:qnt by the A;pg;gan "gpanaoracific" oxpeQ{-

tion"/alo/. Thia eipodition notdd the essential difforencol'in

vthe eourse o£ the Jupan tronch And the Izu-Bonin trench, measu-

red the sroat deptha in tha 1attor. und tound thnt the botton
vas flat und mooth, The Britiph ogpedition on the “Challengor" |
studisd the relief of the Mariamas trench /153, 226/. The .

work_éf“thi- expedition contibuted to the discovery 1n‘th§x,
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Tﬁa;iéﬁis'%rench, of a new maximum depth of the oceans of the
Wy T .
" world -- 10,863 m,

| The relief of the Tonga trench was studied in great detail

by the "Trans~Pacific" expedition; a fairly detailed bathymet- _

rio chart of this trench has been drawn /361/. It should he

noted that the "Trans-Pacific' expedition measured the greatest

"depth of the Southern Hemisphere in the Tonga trench =- 10,633

n.*. The characteristi%kﬂof its relief indieate that the Tonga

trench is quite similar to the other deep-sea trenches of the

"'Qégfirn outskirts of the Pacific Ocean.

' In recent yéara“inﬁzgtigationa were developing of the un~
derwater }eiief in the southernmost outlying sector of the ocean,

‘near New Zealand /137, 142, 248/, Information on the floor re-
iief of this region is still qhite'acanty, but one of the first
bathymetric charts has already been drawn on its basis /143/,
The relatively shallow regions are most accessible to study,

S it s therefore‘uhderbtéhdable that the investigations of the
floor relief in the‘ﬂgw Zealand region were at first mainly
concentrated on the explanation of the morphology of the con-

" §{nental shelf and of the upper part of the continental slope.

?&ffié&féf ﬁéténtiohiv;a”drawn tb'prbbleme'of the association

v 11, Oﬁk‘i accordingf%o datum 25 of the "Vttyuh'" voyage.

** 10,882 m according to dutam 26 of the "Vitysz'" voyage.'

G e o wid o K : co N : l
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<. 0f the upderwater relief with land structures and with some large

glacial valleys f1ls, 214, 215, 216, 21.7__/,-.' Studies of Pml? "‘
lief forms va:o-cgrfiodhogymhy>#gw,Zen;ang pqﬁegt;qta_;n connec
tion with the problem of the possible g;;qugggéptv;gpg 1p)£}g
19;gtiénQﬁffcpok Strait during the Quaterpary period /418/. The
juhfiéhod material on the floor relief in the meighborhood gf New
Zealand served as a basis of a concept o!‘thc orig;ﬂ of under-

water canyons recently expressed by Cotton /160/.1__

.5 -The pregions of the Pacific Ocean abutting on the Antarctio

have beon-atudied by various antarctic oxpeditiona.in the orggr
of . rqntina roconnaiasancn 1nvostisationa /166, 172a, 233/. e
» The mortheastern parp of the Pacific Ocean, abutting on_ tho

'shores of Central and North America was ;nyggyggatodﬂiq}greag de-~
; tgil.;nxﬁgditionp o§$g§9,§grippq.Ooganpgrqgh%&ﬁ;ngt;tute gpﬁhof
:.thp;ﬂqrino,nlect;onicq Laboratory of the US Ravy conducted syste-

..matic studies of the underwater relief of the continental slope

and of some regions of the ocean abutting om.the continental
slope. The rise of the Galapagos Islands was subjected to detai.

led investigation; it is located in. the eastern part of the. Pa-

.oific Ocean at the intersection of the underwater Carnegie and

-coccs{ridgpufv392/;_in.thiq,;osarg it bears a familiar resemb-

lance to the Obruchev. rise whioh lies }§;tgg‘ggrthaéatern”pg:t

of the occan‘/9§/- Hydrographic work uadelitippsaiblé to obtain

detailed characteristica ot the relief of tho Guutonala doep-aoa
ocean tronch. whose anximun depth oquals 6 662 ", Thia 1- one of




the least deep trenches in the oceans, but at the same time it

"ﬁbsﬁ;ﬁ$037§he'éiné"ieliof features as the other deep-sea trench-

“es oénihe»Pncif16+0eeiiﬁ'a V-sheped profile, an elongated con-

' tour, stesp slopes, & rlat and smooth bottom, and a wide bank
at the edge of ‘the ocean floor. o

‘ \ihé‘cbhtinénal'albpe wag'atud;éd in particular details at

" the shore of California, i.o;}'direbtiy'nélghboring on the
Scripps Oceanographic Institute which is located in La Jolla.
The main object of the investigations were the underwater cane
yons of the continental siope‘and.componehts of the relief which
‘made it pdsaiﬁli;fo’dékerninodtheir'asbociatidn‘with the con-
tinéﬁ%éi’sﬁfﬁétufo. Thi‘oxéb§£ of work of studying the floor

" pelief of the California coast, conducted up to date, is quite
voluminous /419/. The scope of studies of the inderwater can=

| yons in this part of the ocean is probably the best, and the

‘ﬁpgeééﬁﬁaéfénérafﬁtﬁb califorhi§ marine geologists concerning’

" these problems /164, 385, 388, 389/ exert a considerable influ-
ence on the development of ideas of scientists in some other
commtries /160, 440/. The’ investigations of the deepest parts

"“of ‘the submarine canyons had the greatest effect on the deve-

' lopment'of i1deas of their origin. It was found that the subma-
;inefédnybd; close to the California coast extend to the very

“foot of the continental slope and partially continue on the

“'ocean floory’ and the endings of canyons have peculiar deposit

. o B3 : ot e [T g
v S theant v B . %,~ B SR AN ""‘*"‘ RV DL

HV(}éatutééﬁ/ib7/; Y4 addition to the submarine canyons, the most
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charts have bé;ﬁ drawn from the material of these undertarings

‘which show ihé éiﬁréﬁély démplex of varied relief of the under=

interesting features of the underwater relief off the California

coast are numerous underwater ridges. rises and basins whose
distribution indicates a close assoclation with the structure
of land, Thanks to these ridges, rises and basins, the continen-

tal slope in this area does not represent a steep bench, just as

2

it does not represent 83 %Sp bench, judéing'from the data of the

latest investizations, in other parts of the oceans, either. The

investifatiqna of t.is part of t.e Pacific Ocean have played a
leading part in ihe develobment of ideas of the continental slepe
as en intermediate zone possessing a cdmﬁlexurelier /190, 153,
307/ |

The continental shelf off the C:lifornia coast has been stu-
died in considerable detail /192/. The data concerning its re-
lief have made &t possible to draw a number of important conclu-
sions on‘the features 6f'sedimentation within the rangé éf the
shelf, and on the agsociaticen of the underwéter relief with the
tectonics of land.

Oof great idtereet are the results of invgséigétions conduc~

ted in recent yéﬁré'by the U.S. Coast and Geodetic Survey fﬁ‘tha\

~ -

T————

region of the Aleutian Island chain and the Aleutian deep=~sea

trench /22&, 231, 331, 332/, Detailed large-scale bathymetrioc

\\\\\\ e

—, — N e

water slopes 6f the mountain structure of the Aleutain rigge and

trerich, These charts sre of particular interest in an analysis

e 87



of the association of the submarine relief with land tectonics,

and particularly of the association of underwater valleys with
bfaak lines, The activities of .imerican invest.pators in the
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 2xpeditions on the "Albatross ," "Gala-
thea" and "Challenger" /226, 280, 255/, The materials of these
expaeditions indicate a considerable complexity of the floor re-
lief of the Indian Ocean, witrnin whose liaits we find vast sub-
marine rises, individual isolated mountains, rolling plains and
plains with a flat and extremely smooth surface, A number of
suvmarine ridges forms a huge mountain system extending across
the entire otean approxiusately in the meridional dirsction, This
mountain system resembles the Mid-aAtlantic ridge in many res-
pects, In particular, the slopes of the ridges indicote areas
of flat pla?ns located in depressions of the floor, resembling
the "terraces" of the Mid-atlantic ridge.

Materi?ls of the investigations of the Indian Ocean floor

rellef remain mostly unpublished and have not been agpiessed on

bathymetric charts, It is thereiore difficult at present to

speak of the appearance of concrete features of the floor re-

-



lief of this ocean in the light of the latest data. Ve can_only'w

- speak of some of the most interesting pecullarities of the re-

lief dimcovered in recent years. Thus, of great intercst are

the de&p-séa plains discovered in the Indian Ocean, which are

like the abovendescribed plaine of tha Atlantic and Paclfic Ocean.
,Among these, the plain scuthwest of Ceylon, and another in tho

central part of the ocean are the largest in size, An;intereating‘

feature of one of the drep-sea plgins_gbutting on the Bay of
Benga}, are submarine v;lleyg wiich are very similar to the'
submarine canyons ;p tbe,dgep-ggg_?;q;nsfgt the\Atl&ntic'Ocean.
Singo};gg;origiqagt these canyons in thqlgflggéic Qéean is as~
sociated with the activity og_tuxbiq;ty currents, it cn# be
assumed that they are of similar origian also in the Indian
Ocoap”/174/.rnqquer, in thokop%piqnipilnoip authors, the sore
probgbly‘hyppyyos;s is thg'gng,gn ghgupoctqnic'origin of subma=-
rine valleys on the surface of the Indian Ocean flo§r /284, 285/,

A wide distribution of underwater mountains has been found

in theAInd;aq Ocean which have not been ptudiaﬁuip such detail

as the mountains in the Atlantic and Facific Ocean, dut accor-

ding to. available data most of them can be listed as underwater

volcanoss. Underwvater mountains are particularly numerous in the

eastern pqﬁg_of the ocean., A detailed study o?lsonqvvould rather

;g@icato fﬁqir_toctonic than volcanic origin /258 350, 438/,
Detailed 1nvostigations were only conducted in 1imitod

'regions of the Indian Ocaan. Among theso are the activitiea 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 éh;‘prinéipal relief features of the floor of this sea which
r;praient ; hu¢§ fault basin /336/. Investigations of the floor
relief'in the northernmost part of the ocean are being c¢onducted

on & more limited scale /299, 315/. Theée studies have apparen~

e
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' 1y 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 6ceanographio
investigations in the post-war period proceeded on the basis of
vid; 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
studyiug the'un&eriater relief by arctic oxpeditiénu was the
cable measurement of depth, ani this method was replaced by the
sonic method only since 1956, For this reason the relief of the

North Arctic Ocean was not inveatigatod in such detail as that

' of the other oceans where echo sounding is used for this pur-

pose; Howeveﬁ, the discoveries made in the North Arctic Ocean
ebsehtiallyrchang"thc former concepts of the relief of its

fizor, which hld nét been studied tb a gredf extent. The data
obtained ifﬁloété;noiy inportant for hh'QAdBrstanding of some

laws governinguih;;floorvatéucture 5f'thc oceans,

L 4
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g @i 78g¢et high-latitude expeditions:of. the Arctic .BSsteatiBie f?, ‘x
ﬁ% ' - Regedreh  Inatitute of the Main Northern.Sea Lanes bave made a |
éé - particularly Yarge contribution to. the study of the North frcm
.%; | 7" t4%" Gedan floor relief. Such expeditions are conducted since
Qj N "7 '4qug, by eetting up drifting stations which make systematic in- :
“ , | e éégkiééfibnS’of the underwater relief along the drift route,
, """ @ wost important achievement of these expeditions was the dis~
b 3 covaery and investization of a huge mountain ridge extending all
.."i:> ‘across’‘the North Arétic Ocean 774/ which was named the M, V.,
“fénondBov-Fidge, ‘In connection-with the. .discovery-of the Lomo
=ﬁ§§§§$ ;ing; there has been a'considerable change of the concept
of tHs" tectonics of the North Arctic Ocean /80, 86/, The disco-
"veries made by the Soviet expcditions in the Arctie found many
‘responses in foreign publications /156, 408, 403, 413/..
’:*’“7”iﬁ§é5tikations conducted by flying;American expeditions in
~ " the North Arctie Ocean did not‘yield such important results as
?Qﬁ? thE éoﬁiet‘éxpeditions. but they provide an essential supplément
| "“to the céncept “of ‘the floor.relief of tnis ocean in a sector
"iibﬁtﬁfﬁé“on“the”American North, Of particular interest is the
I ~ “inférmatioq'dbouﬁ1the~submarine canyons of +the Nocth Arctic Sea
| ‘obtainé&:bj<méénsfbf echo soundinrs made ‘from drifting stations
2 3 /15607162, 1628, 163,306, 447/, The work of'Re# /364/ is dedi-
i _ " eated’ to the probléms. of exogenous processes of the developament
u*‘“ibf!%hé”éﬁbhé?ihé‘reliefiunderjAr€ticsconditions,fandiospeically
4 of ‘the'Brtivity of floating ices i: ..vi- ...




Investigations of the floor rel@of in the Antarctic Ocean

in recent years were conducted on a widest scale by the British
expedition on the upiscovery" /165/. This expedition investiga-
ted different regions of the Antarctiec year after year and its
materials provide a lot of information for an idea of the under-
water relief of this ocean /249/. In addition to the "Discovery"
the floor relief in the Antarctic was studied by American expe-~
ditions /172, 430/, and by a French Astarctic expedition /3627,
In 1956 a Soviet Antarctic expedition on the noptn /4,

' 59/ began a study of the underwater relief in the Antarctic,
A survey of the history of the investigations of the Antaectic
underwﬁter 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/. He also made an analysis and appraisal
of all sources of original information concerning the depths
of the Antamctic Ocean /287/. An article by Fieming /215/ is
completely dedicated to a description of the Antarctic Ocean
floor relief, More detailed descriptions of the floor relief
of individpal regions of the Antarctic are contained in the
worka of Kucherov, Fleming and Nares /41, 216, 335/,

" In the light of the latest investigations the basic fea~
" tures of the Angmrctic Ocean floor relief are conspicuous by

" the junction of severallarge mountain structures which divide

the ocean into three large basins. The Atlantic-Antarctic:
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ridge extends in a latidudinal direction from the region of
Tristan da Cunha isddnds to the region of the Croset Plateau
and bounds from the nsrth the Atlantic-Indian Antarctic basin,

The Keréﬁeibiﬁﬁaussbérg submarine range extends from the'Korgﬁe-

"len islands toward the Antarétic continent and abuts on it in
““*%ié’f:&iZh of:Drigal'skiy island. This ridge forms the eastern
'Sggndi;ifof'fho Atlantic-Indian Antarctic basin, The Indian=

Ahiafctic;fidgo(extends from the region lying soutk of Austra=
1ia toward the Ballerm islands and bounds on the north and east
the East-Indian Antarctic baein, Finally, ‘the Pacific-Antarctic
basin is boundod in the west and north by the Pacific~Antarctic

submarine ridge, and in the ‘esst by the Southeast Pacific sub-
: Macquarie

" marine plateau. he submarine ridge - =Balleni, extending

from the southern end of New Zealand toward the Antarctic con=

" tinent in'the region of the Balleni islands represents a large

réliof' "shape.'of the Antarctic Ocean floor. The only deep~-ses

tféh&h of the Antarctic Ocean =~ the South Sandwich =~ is cone

nected with the huge island arc of the Scott range which sup-

ports the groups of islands of South Georgia-andVSoutk Sandwich
and rhiéh‘Qbufa‘on’fhe Antarctic continent in the region of
Grahan Land, The maximum depth of the South Sandwieh Trench is
8,264 m /2%2/.

Thg surface structure of the continemtal shelf of the An-

tggctic continent is very complicated: it bears traces of gla~

cial valleys and ravines, it is covered with numerous hills and
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mounds, in a word it has the appearance of the shelves of rc-7fg

'giona:of,glacial covering. In some placgp,the submarine border %

of the;Antaréfic continent in submerged to a great depth.
Ending this shrvey of regional investigatiqna we must note
that they have been only slightly reflected iﬁ fheylarge publi-
. shed. monographs on problems of marine geology a;d sgggqrpho}osy
/19,. 35, 43, 118, 170, 289, 354/, The next several years will
probably witness the publication of new works which iill take
into account all the wealth of material»of phe latest investi-
.wgatiqna; The latest data are aooner_il;ﬁstpgted ;n.charts and
.in atleses /3, 3k, 68a, 130, 334, 442a/. o
-, -The develépment of concepts of the submarine relief calls
for the development of terminology and nomenclqture which would
wcorréapond to the n?v.data. Thus, for example, 19 connecgion with
.. preparatory work on the “Marine Atlas" a special manual "Marine
Navigational and Géographic 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
.Geodetiec Union /252, 269, 440, 441, 442/. The problem of a gene-
tic ciaseification of the underwater relief /81/ should now be

.+ placed on a new level.
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. q@m;nathe~couraeJof,regionalainvestigatione, .special atten=

PR,

;ion was paidrto groblems of thergreatest senerel significance

to the development of marine geomorphology as a science of the

S N PRC & I -’;*&uw

'ahapo and origin of .the underwater rellef. A number of worka

f ,J.J e AR e I DLCEIA Ly e poye)

of a general nature and aeparate survey articles have been de-
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zrﬁum) dicated to these problems and publ;shed in racent years /19,
"y UGN R 1 E RN L U L SR A U L A T
’ 35. h3, 78 79, 118, 289. 439/, .
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'The 1iet of the most interesting general problema of marine

@ oy

geomorphology 13 quite iar&e. 1t the1lides prob&ema 32 the” origin

W s gl ® ”«‘

ot anch large reliet ahapes as 'the oceaﬁ trencheo anf of Iarge
“hhﬁégvirieﬁ&ﬁdf”ﬁoiir“éhéié%“whicﬁ"%é?e'forﬁgd on” the surface’ of
the:largest and largést ahspes, The opiniona on the process of
contemporary relief formation ehd on the dynamics of the under=
waterfrelieffarevcf‘naﬁor:intoreat;wProblemz“of/theThietory»of
tpe-reléofiareh@lgo:ﬁxtreﬂel& interesting, -eince they reflect. the
pagt, stages ﬁfg.sﬂ‘!-a@%’?}?&’ﬂﬁn}r&ﬁ% the. seas;and oceans, and parti-
of gustatic eﬂﬁé}}at%9n9g°£9593«9°953 }5V91r93xth9;d9Y91¢Pﬂent
F’f/e tg? ugd?m&t?rerelg‘ff" g e tpeeas o0t %o woend {ooon) efes

- _Oge* o tg?bppgt ,important. problegs. of. m«inehgeomorphologw.

34 “ A

which oimultaneoua}x e§tende Peyon }p acope .and. is, rather Ry
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part ot the ocienoe of the earth - is the problem of the drigin
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‘of the continents and oceans. Methods of marine geomorphology
- might centribnte much to the solution of this problem. The fole

| lowing problems fall within marine geéomorphology: the causes of

the formation of continental rises and ocean trenches, the di--
rection of the growth process of these largest relief shapes of
tﬁefeafth‘a surface, their age and structural relationship, which
heée;ﬁine the nature of the large relief shapes.

'MﬂewTdate on the structure and'atrength of the earth's crust,
obtained by gravimetric and seismic research /372 61, 133, 134,
135, 202, 232, 237, 258, 359, 416, 429, 446/, are most important

for an underatanding of the present sfate of the problem of the

. causes which produced the continents and oceans. In the light of

pnew 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 km., Ocean
trenches occur over regions of the crust without a granite co-

ver, but with a relatively thin basalt cover, averaging 5 ka,

.overlaid with a stratum of unconsolidated sediment about 1 ka

taick. Thus, the problem of the origin of the continents and
oceans cin be reduced to the problem of the origin of the gra=
nite (sial) ‘layer of the earth's crust whieh, according to a

pajority of investigators, was formed as ‘a result of a diffe-

rentiation of the earth's plutonic substancé. This viewpoint

« -~
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“toliows fééduihéiiféééﬁf‘cgﬁbéﬁﬁiéfﬁtﬁe'Struéfuﬁiﬂbf”fhi“iiith‘a'

crast, and 48 a determinant of the unifofe opinion Pegarding Ehe
causes of the origin of continents snd oceuns expressed by 4 ‘ma-
jority of authors in recent yedrs /il, 12y 13; 14, 15,°115, 116,

i
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“fadthér impoitant duestion’in the problen"of £Heorigth 62
continents snd éceans contérns Fhe ‘difection in whfch the dave-
1opment of ‘the granifé layer of ‘the dartfi's crust proceeds. "
‘Kiong the ‘variety of opinions §xpressed on this sibject, thers

' cernpe dbarin, Tr m oM a SO T pWEneEwre St e
are two basic groups with ‘two viéwpoints. Acéording to one, the

oyl e s S L I L L I R T ey - '
development of the 'sial cover correapanap to tha  general direc-

»»»»»»

£l oF Ehé'earth!s development) manifested ‘in‘the gederaliy®™
‘{$¥everaible decrease of the -abéa’'of synclinal’regions, and “:
in the Hécretion of platfdrmsd /117/. Here'the fordation of the
granite layer and éf the dontinéntal’rises”is presented as a'
‘Watimmary result of the 'dppearaids éﬁanaéﬁeldﬁmeht”bgagynéiinil
systéms, migration of foidings and volcanism,’and 6f a gradual
tféﬁ%férmaiioh“qf*gébgﬁhciiﬁéi réé&éﬁé“1ﬁt8“¥ect6§ic”ﬁl&tf6iﬁ%"
hb/, THLS viewpoint) #ith Eértaifi‘Variutidhs) 4s maintained by

" Wimbdr of aithors /27,762, 63,°%5,7258, 278/, This viewpoint

4%’ opposed by tha”concept whidh® states’ that thers”is ho btraight

I L L U B S B R R N T A AT e T TN TR Rt
“giredtion inm the formation“ofﬁthe”granite"1ayer;‘aud that the’

R N R P TR T LY S e P e A T oraeeen N B e T
it stince” of Enb ¢ontinihts dnd oceans does’ not depend on’ the?

. L A TS U A § SN pem B R poway B gua T g R ';
presence of gebsynclinals and platrdiaa’ on the” shrth® /i1, 12}’

1% STk, 987, hocoraihy €o" the  18kEaF viskpoint] thethide &t .

et
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..:possibility not only of a gradual and successive increase of the

1m6’@h1?ﬁ.;419rthhp? also of a reverse process of disintegration
-and destruction of this layer in large areas, and conseguently,
thﬁisgbmqraion of former continents and the emergence of new
oceans, It should be noted that a part;gl diaintégration and
-a'qgl;—known regression from the general'gtggight direction of
.the growth of the granite layer 1s'adhitt9d even by}thg gdho-
rents of the first viewpoint, However,ﬂthe ;#ze of such regres=-
aions, according to their opinion, should de insignificant, and

.should hot encompass large areas of continents.

.-, In accordance with the ditferantwop;niopa expressed\;g,con
nection with the direction of the pfocasa'of forpatiog of the
granite layer, there are also concepts of “the age of the omans,
peculiar to.each different group of authors. Thus, according to
the concept of the straight direction of the development of the
granite lafer.ot.tpe'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 quag»phq?aubmersiop only of some borders of oceans

/40, 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 the granite layer in large areas of the earth which
bogan in the Mesozoic. According to these concepts, all ocean
trenches are new formations /11, 12, 13, 14, 15, 79/..

e e e s

. In addition fo these extreme viewpoints, a concept has deen
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';Ttg;cal proq;eps, .neverthelesas the lat j;;gg}pqmggqmcrpholggyfv'

"$§X%}33}§F ian?Ffﬁt Jears of ghe gpsa*blo.:ornation. along . with\
the old or primgrygoceans" or. nuclei aof, oceaps,palao.of younger, E
,-*;"-EF"?},“%?I oceans, or of sufficiently large secoadary parts of
MOQ§§ns,/63’-7l ‘llﬁ,wlli,;1;594&9§0<&legw1t;géAgasumodJQAdf.the
disintegggﬁion of the granite layer of the,.arth'g erust is .the

csuse of the formation of secondary ogeans, e e
.+ uthe, concepts of the tectonics .of continents and oceans are
an important result of a different §olgtiq§ﬁg£ the problea of
the direction of their development,, From the position of the ad-

Berents of the ldea of a straight direcyion of development, the

s, 0cean tgoor should be coneidered the remainder of the primary

earth crust which was never aub1ectad to AR 1ntense folding and
.gountain formation /40, £1/, From this v.aﬁ.v;'poi‘e,t the structures
of the continents and ocesns cannot be the same and cannot.change

one .into -the other, Oa the other hand, the concepts of the chan~

.--8ing direction of development brings their adherents to the. con=

clusion of the unity of the structures of the continents and .
h99?§4$ﬁAQf.ﬂ_ﬁi?ﬁ°t'€§ﬁinﬁi°n-931?he,Q?ﬂﬁ%n.nﬁalx’tr“Ct“’°5rint9
1hhe .qcean areas, and .of a development .on the ocean floor, of .the

same kind of complex of tectonic phenomena.as on the continents,

.

but@ .merely av a lower hypsometric level./ll, 12, 13, 14, 15, 77,
T I Y ST SURE SR YA RS St S U

RPN The p oblem of the tectonicseof thg fqu:,otmxhe oceana and

..seas, albeit extending beyond the chpe1of uagnrallngeomorpholo-.




i ‘'undoubtedly ‘play ‘an important part iﬁﬁita solution. A compa}i-

son ‘6f the ‘structures of land with those of the ocean floor ia

possible thonks to the peculiarities of the development of the

-underwater relief: the trandformation role of exogenous procese

' $ed undér conditions of a w.tér medium is not 86 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

gimultaneously possible to determine the direction in the deve=-

lovment 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 ¢f 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 oroblem of the role of tectonic movements in the for-

mation of the relief of the earth's surface, including the un-~
derwater relief /72, 82, 83, 83a, 114, 115, 116, 132, 133, 159,
- 258, 4ok, 4S5/, 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, 1liz, 152,

- 181, 182, 209, 215, 228, 231, 257, 260, 275, 336, 369/. The ba=

'ei¢ vésult.s of a majority of the above works ‘consist of conclu-

sions as to the ‘extension of definite land structures intd the

v e 100~
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liaits of the continental shelf and conmtinental slopc, and of the

associ&tion of some shapes of the ocean floor with structurcs
that are connected with land structures. In rec:nt years works

aléo appeared which are dedicated to a tectonic interpretation of

ﬁhe submarine relief of large areas of the opon ocean that are in
”loseer degree associated with land in the structural ‘sense and
which posses tectonic features on a very 1arge, even planetary
mscale( /174, 204, 257, 259, 285, 321, 322, 323, 326, 349/. There

are particulurly interesting conclusions regarding the existence

of lznear zones of tectonic breaks in the Pacific Ocean which ex =

tend over immense diatances to the bordera af tho North American

cqntinent /323/.

Sﬁécesaful development of the concepts of the tectonic re-
liéf of tﬁe 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 bave 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 orn ths whole by
e dense netwnrk coverage of aquatoriu with moasurenent stops, 1.0,
bv the 1ntansity of worie.

In the dovelop&ent of concepts o! the surface relief—forning
pfocessca, aévances in technxque and method of investigatiogp

playod a dociaivo role it was the foundation of all achiovo-

menta in thia field. Acutally. in order to. Judge the nature of

- 101 _




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 ecale only in recent
years, thanks to a number of imprcvements in ihe dasign of echoe
sounders and in the method of their operation, which were.ueﬁ£i-
oned in tbe-firgt chapter of this article, o
In addition to works dedicated to'certain general problems
of contemvorary exogenous relief formation on the bottom of the
sceans and seas'/loi, 108, 20G, 284, 386, 401/, studies have al:
appeared with reference to individual rellef-forming procesces.
Works by the following authors were dedicated to problems of the

relief-forming role of ocean swells: King /281/, Kuenen /295/,

Mznchar /316/, Menard and Boucot /324/, and Dietz and Menard

/175/. The probdbleam of the relief-forminzg role of bottom streams

which had been very inadenustely developed in previous years,
is mow illustrated in numerous articles, based on materials
of the latest investizations /176a, 206, 270, 34U, 343, 347,
363/, Mostiof thepne articles are noteworthy for their inasis=-
tence on the important relief«forming role of bottom streams,
earlier uriderestimated due to the lack of correct concepts of
“the actual’speeds of bottom mavements of water /115/,
Thé ﬂrnblem of formaticn of the microrelief as a result
cf the acttvxtles of marlne anzmals is examined in the ar-“
ticle by Dmery /189/,and as a result of the movement ofﬂiée,

in the article by Rex /364,

- 1l02-—
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The problem of the relief-forming role of submarine lande
slides which had been getting the atteﬂtion of invéatihators of
the ccean floor for a long time, has been developed in recent
years in the wgrks of Kuenen /296/, Mitchell /328/, Shepard
/390/, and others. Submarine lahds}idea as a cause of turbidity
currents, constitute a concepf. worthy of attention /2#2, 23,
289, 296/,

The consequences of a submarine earthquake which took place
in the Grand Banks #rea in 1929, were the subject éf a Aumber of
investigationﬁ. This earthgquake produced a submarine landslide
which was accompanied by breaks in underwater telejraph cables,.
The inétants of the breaks which were recorded with considerable
accuracy, m:de it possible to determine the deta.ls 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 floer.
This current possessed such a large power, thzt it caused bre:xs
in its turn, end carried them over great distances icto open
areas of the ocean., The broken cable which were found and the
nature of marine deposits in the area o#er which the current had
suread -Q‘ali tuis definitely confirmed earlier assumntions of
the natur; of processes which take place.during the movement of
turbidity currents /1735, 194, 200, 201, 30C/. It was definitely
established tnaf turbidity cﬁrrents were capable of carrying de-

posit material of relatively great t.ickness over great distan-
3
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ces, into the ran-e of deep-zea parts of oceans, :‘he denosits ¢
the turbi.iity currents arce char.cterized by a diminiseine wrair

size alonz ithe werhtical, within the limite of the Iaver, Turtid
#1 t "

ty currents, at certain stages of tneir developmont, are capubl

of‘eroding the surface of sediment layers which had e-rlier bee
lief, filiing in the dejressiens with enrried matevial, At the
rresunt time, the formation of peculiar valleys with mainstream
bepches, deep-sea plains and flats on the bottong of deep~sea

trencaes, as well as sections having a flat surfsce ol the floe
on the slopez of underwater mountuin ran-ves, are associated wit
'pe mcotivities of turbidity currente /14, 195, Lo, 1lu7, LN

227, 3&7, 428/,
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26, ey 2uly Auly G993, 26
ir connezction with the vroblems of the lstest history of
trne -gas snd csesns, there is much interaest in the new data on

the =wisatance, ~n the bottom eof the sea, of a sunien relic co=-

eztal and sukneral relief /S6, 2o, ¢6, 103, 2%k, 335, 3%¢, %57,
562, 361, 41C/, Ube canse of the submorsion of the relief of

this fype to i.s wresent depths coula nave been cither eusta=

.

tic #luetuniions of the level oi the ocean, or difterentiated
tectenic moveannts /32, 5&._55, 72, 1us, 207/. The prescrvation
of tpe velic relief under conditions prevaiiing oun tre ocean
flecor is considered to be the rosult of specific circusstunces
of sedimentaticn in some zones /33, 53, 56, 96/,
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The problem of fluctuations of the level of the occans gave

rise to an extremaly voluminous literature. However, the geomorw

pholorical side of tnis pnenomenon has thus Iar not been stundied

with sufficient thorourhness. i number of articles which were pube-

lished in recent years, refer to the gquestion of the role of eusta~
tic fluctuations of the level of the ocean in the development of
the relief /1G&%, 207, 213, 2ok, 318, 384, 386, 391, 398, uLl1&/.
There is quite a large number of problems associated with the
proble& of the coitinental shelf, Thesge ﬁroblems are divided into
two fundamental sroups: 1) the origih of the continental shelf as
a definite geomoronological surface, and 2) the'o;igin of the re~
lief within the limita of the continental shelf, The origin of the
cdntinental shelf, a reomorvhologic.l surface of congidersble di-
mensions, ia believed to be the r:sult of the sinking of tne hor-
dsrs of continents, acoording to a najority of authors /19, 78,
§1, 118, 289/. flongside tais viewpoint, opinions are also expran-
sed of the need to senarate two different surfaces within the lie
mite of the continental shelf as a whole, according to the nature
of the religf: the coastal, representigg a surface of an abrasive-
accumulatin¢;smoothening, and the exterior, preserving the charace
ter of the subaeral relief of the contineant's borders i: a little-
changed shepe /55, 10b, 172, 17.a, 401, 433/, The format on of

such a sizable surface of an abresive-accumulating smoothening
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o5 the coastal section of the continental shelf is considered

to be the rosult 6f the migration of the zone of wave activity
~uring ths procec: ol the rise of the ocean level dn the veste
glacial period; The more deeply sunk part of the continent's
horder was not susiected to the effect of fnis mipration of
the wave zone, and conzequently it preservad its ériminal Té~=
1iet in z lees tranuformed shape.

The cenfirurstion of the continéntal éhelf and some pe=-
culicrities qf its relief as a whole were co.pared by a num-
ber of anthors with the peculiarities of the tectonics of land.
a6 a result of trisg cosparisom, a corresvondence betwaen Lhe
basic features of thg relief ot the shelf and the structures
of the land was observed in a number of instances /1#1,'152.
184, 155, 1ly2, 302, 307, 369, 415, 434/, The caarncter of the
small relief shapes, noticeable witnin the limite of the shelf,
as well as the origin of its clearly expresced external bor-
der, is associuted with the pecvliarities of the abrasive~
accunmulsting smoothening during the process of the rise in
“the level.$f the ocear /172, 175, 337, 400/, The relic subze=-
ral relieg of the snelf has been cesc-ibed from msterial of
the most recent operations in articles by Bruun /145, #lliott,
Mysre and Tressler /187/, Murray /333, Pratje /356, 357, and

Stoeks /410/. The nature of present-day sedimentation within

| 5
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the limits of the shelf and the effect of this process on the

the development of the shelf relief is the subject of articles
written by Price /360/, Stetson /399, 402/, Rutten /37C/, and
Tricart /h23, 424/, 4 o

. in récéht years the problem of the continental slope has
2lso been quite logically subdivided inﬁo two groups: 1) the ori-

gin of the continental slope as a whole, treated as the transi=-

tional zone between the continent and the ocean; and 2) the

origin of relief shapes within the limits of this transitional

‘zone, 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 besed on materials of the latest investigationms, i.e., of

" the continental slope as a complex transitional zone. Many author

b2lievwe that the relief of the transitioral zone reilects not
only the hypsometric differences between the surfaces of con-
tinents and the ocean bed, but also tue essence of the geologi-
cal strugture of the transitional zone.from sectors of the conti~

nental crust to oceanic sectors, which differ both in thickness

and in structure /b0, 72,773, 115, 116,.349/, It was found that

the relief of the continental siope 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, 27#/. It has also been proved that the relief of the con-
tinental slope reflects the nature of the tectoniecs of the slnh-
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 prdcoaaos of the relief development of the con-
tinental slope., They explain the pecuiiaritiea.of relief.forma-
tion on the continental slope, which consist of a intensive acti-

~,ww:émi:tthuhotton:-,.-.c;urrents,»,uiath‘lnviiportant-,;rolo».;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 ceanyons /16, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
76, 118, 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 ﬁf their erosive origin gave rise to
the asaumption of grandiose fluctuations of the ocean level in
very rocent'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, 388/. Later, however, as a
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reuult of more careful, detailod and rasponaible investigations,

it was found that the erosive appearance applies only to the
very topmost parta of submarine valleys ‘and canyons /76, 341,

385/. It became clear that along most of thexr extent, a maJorzty

,°f canyons and valleys do not posseas uny features of erosive

_ valleye aimultaneously much data appeared indlcatlng an asso-

ciation of the valleys and canyons with the tectonic features of
the abutting land, which made it poss;ble to detect in them sha-

pes of tectonlc origin /43, 103, 1 04 156, 159, 164, 228, 231/,

New data on the subject of the relzef-forming role of submarine

landslides and turbidity currents are very important to an un-

deratanding of the naiure of submarine valleys and canyons /1#6,

- 173, 177, 195, 201, 323, 344 390/.

Fol owing the anassing of new facts, the concepts ni the o=~

‘rlgin of submarine valleys and canyons rapidly chanzad, becoming

more complete and compleXx. The initial interest in the hypothesis
ofAthe subaeral origin waned, and new views replaced it, The at-
tempts to provide a univeraal explanatios of all features of the

morphology of submnrine canyona waere embodxad in the so-called

Shepard composmte hypotheeis /389/. According to this hypothesis,

the orxgin of submarine canyons is aasoclated with the actzvity
of subaeral river erosion and turbidzty currents. This bypothca
sia do%g not as yet permit the assumption of a possible existence

of canyons of different origin in naturo, but szmultaneously it

states that differont parts of canyons owe their origin to dif-

-
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f?erent processes. Dividing submarine canyons into three basic

parta, Shepard gives the following explanation of their origin.
The middle or mailn part of a canyon, the most deeply cut and
possessing steep rocky slopes, was produced by subaeral river
erosion in a relatively remote paat, when the region of the pre-
E sent continental slope still consisted of an above-water edge
of the continent, not as yet aubnerged under the ocean level,
Ju its present condition this part of a canyon is saved from

i being buried under marine sediment thanks to the action of sub-
marine landslides and tnrﬁidity currents which remove the sedi-
b ment from the canyon. Tho upper part of a canyon, bearing marks
'%% of recent subaeral devolopncnt was produced as a résult of ri-
ver eroaion relatively rccently, during the low level of the
oceans in the Quaternary Agos of glaciation. The lower part of

'y canyon waa produced as the result of submarine landslides and

turbidity currents, and representa either a landslidc fault or

a canal of a turbidity current dug in the porous layer of marine

sedimentation, forming an allﬁvial'traiﬁ or fan at the foot of

s the contlnental slope. | |

" Unlike the Shepard hypotheais, the new Kuenen hypothesis
/292/ takea 1nto account the possibility of the formation of
tvo difterent typos of submarine canyons which differ by their
uorpholbgical teaturos. The firat type of canyon which Kuenen

‘ calls the corsiean. ropreaenta crolivo river vnlleya tloodod

R4

&8 a result ot [ ] coneiderablo einking of ‘the land. The aecond
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oalls thia type the New Bngland canyon. According to Kuonen,

a{ e

typo o! canyon 15 producod as a result ‘of the active érosion of

-C,

ocks of the continentnl alopo by turbidity currents. Kuenen

the most typical oxamplee of the two types of canyon are those

13

off the shoroa ot Corsica and closc ‘to the shorca “of New Eng-
.Hland (North Anerica), respectively. Kuenen, howevor, does not

.;mention the posaib;lity of an even greater variety of typoa of

ranyons and the poesible causes of ‘their’ formation. For this

reason we believo that the opinions of Ootton constitute a for-

" ward step: “he thinks that it is possxblo ‘to speak of different

. l
E J.’"r‘ Y

typea of canyona and to aaaunc nevoral posaible causes of their

vl/i

or:gzn, depending on local conditions and on tho‘hiatory of the

development ot tho continental slope /160/. cotton paya special

 attention to tho undoubtedly wide diatr;bution of canyons of

tectonic origin, similar to tns‘aa5§£né'atr"ihé”LﬁérZs of New
Zealand, - |

Thore'iéﬁo:o;ffiolé#t amount of data available at this time
to oeooolghlnkfgéa;f sﬁoﬁaélégicadjoﬁo ond';ailo;g as structures
of a complotely identicul morphology. On tho contrary, juoging

by factual material, the morphology ot eubmarino canyons nnd val-

leys aubstantially diffors, and they poaaoss specific local fea~

'turea in differont rogiona of the oceans. It is Eherefore natural

sy, -
e FE b -

to assume that the causeu‘of the formation of aubnarino valleys

and conyons oould havo been difforent in difforent rosiona, just

ot 'l" -
WM

'as the geological hiatory of various ooctoro of continental




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 eustatic elevation of

the ocean level, subuarine denudation and erosion by submarine

- landslides and turbidity currents. The fact that submarine vale-

leys and canyons have 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, landélides and turbidity
.currgntg.jbifferent combinations of all these causes and deve-

lopment factors, which depend on local conditions and on the

._ggological history of each specific region, produced this va-

riety’of shapes and types of gubmarine valleys and canyons which
qé}cbsgrye at the present time.

mhere is quite a large number of questions associated with
the problem qf 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 proble~ of
continentq;and occans., The problem here mentkoned is part of the
group pgyghe greatest problems'of modern geology, since it points
the way to the solution of ; nﬁmber of important theoretical
questions of this séience /25; 26, 27, 28, 117/. However, the

dgpa of msrine geomorphological studies are probably even of

A4



7fkroat.r 1nbortaneo to the deveslopment of thg problem of island

' chains and deep-sea t:cnchce.

The study of the submarine relief of island chains ;nd
deep-sea trenches ;lﬂ limited by the technical possibilities
of deep-sea 1n§93tigati§na ro:.a)loqg §§m6.l§y thagks to the
inprovemeﬁt.of scho sounders and of theip §pqg§tiog,\it has
made great forward strides in r;cent_;oérs. dqéaidqrable contri-
butions toward an nndorstanding of the norphologf of deeﬁ-ﬁoa
trenches and island chaina_yoro.uade'by the above mentioned
works of Soviet expeditions in ‘k?_"?%tYPFfF by the foreign
expeditiqna‘gn the "Galathea' and "Challenger," and by tyo expe-
ditions of the Scripps Institute ;nd Woo§ar§o;qd1ne§itqtipn;
In recent years there has been a coptinu&usligrowing intergat
in the study of ;aland qhaiqe, and scign@iqtq‘arAyany nations
have beem coccentrating on the study of th;a_inggroating sgb-
ject /b, 6, 8, 28, 29, 98, 100, 101, 104, 106, 14k, 1k5a, 153,
199, 200, 210, 226, 228, 231, 241, 266, 275, 277, 280, 285,
286, 330, 331, 332, 345, 355 361, b43/. A

Material on_tgé morphology of mountain structures of is-
land chains and'of deep-sea trenches attached to them makes it
possible té;speak of t@ag as very pecnliatnqqrpholosieal comple~
xes, The ti:q:"iglagd arcqﬁ whiqh ;a.froﬁngntxy applioq to them
iq not quiéﬁ qorreqt:’giraihbvw-qhgped forq\;n“nbt»qqignwinQi-
cative of them, and in a number of cases %?-%F §°§"79# nppli—

cable, In our opinion, fhe indicator is precisely the junction

s
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‘complex is part 6f an intermediate zone befweon the continent

.and the 6cegn. it is almo necessary to point out that there are |

/

| | | | 0
.of two large shapes in a single compl,x: the mountain structure

" of the imland chain and the deep~sea trench. There is an additi-

onal important circnustance: in most cases this morphological

1

!

such typical,t;atures of norphologicai ﬁocnliaritioa as the con~ |

" pection of volcanic structure with the internal ridges in the

case of double chains. The slopes of mountain ridges of island
chains and cf d;ep-sea trenches are very steep and they are made
even more complicated by.etaoper benches ;nd 5di£10 steps which
separate them, There is a very characteristic complex division
of mountain eibb:a of the island chains and deep-mea trenches by
submarine vailoie and canyons, It ias 1ntereating'that the nature
of the divide is different on the continental than on the ocean
aido. In every'cdae the trench bottom is a narrow strip of a
flat plain produced as a result of the accumulation of sedimen~
tary deposits,

Much data gvailable at the present ?1!3 indic.te 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 %ho&o morphological coaplexes as reflections of the
atructure qf'the earth's crust characterizing the intermediate

zone which are éaﬁﬁcd by the development of deep fissures /83,

' 83a, 132, 133, 134, 135/,

‘A ﬂumbef’bf'éigns which are ropresentutif. of goologidil
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‘
cogditions in deep-sea trenches and island chains, make it poa-&
sible to regard them as present-day synclinal zones /845, 9, \
22, 27, 67, 101, 117/. Some authors believe that present imlend
chains and deep-sea trenches are direct analogies of geosynclirnal
zones of the past and represent a definite stage in the develop~
ment of the earth's crust /42/

The problem of the greatest depths of the oceans is actual-
ly quite different frém the above-mentioned fundamental problems
of marine geomorphology: it is not associated with the origin of
kind kind of shape or another, but:with the purely morphograpaic
features of the ocean flooia This problem, however, is also ine
teresting in connection uith the problems of the origin of sub-
marine relief, since, in final analysis, it makes it ppssible to
approach the idea of the general extént of fluctuations of the
earth's surface, Magnification of tﬁe power of echo sounders and
improvement of the method of depth measurement have made it pos=-
sible in recent years to revise some maximum deptha of the ocean
(trenches), to correct them, and to discover new and hcoretofore
unknown depths /111, 259, 405, 407, 449, 450/, At the present
time the gr:atest ocean depth in the world is the deptﬁ of the
Marianas Trégch: 11,034 a /153, 226/. Thié is also the gre#teat
depth of the Northern Hemisphere, while the greatest depth of the
Southern Eeéisphere lies in the Tonga Trench: 10,882 m /210,
212/, as indicated above, It should be noted that both depths

are in thg}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 {
Puerte Rico Trench /312/., The most reliable sources, however,
jndicate that the maximum depth in the deep-sea trench of Puer-
to Rico is only 8,381 m /199, 345/. The greatest depth in thz
Tndian Ocean is in the Java Trench and equals 7,450 m /280/.
It is possible that the amplitude of the greatest cave-in of
“the marth's crust is approximately equal in all deep-sea tren-
ches of the cceanas. This is indicafed 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 differsences in the thick=
ness ‘of the sediment layer which accumﬁiated at the bottom of
the trenches to the present time, Data of geophysical investi~
gations indicate essential differences in the thickneas.of
porous marine deposits which accunylated ay the bottom sf the
trenches /361, 393a/.
| wWidely distrubuted isolated underwater m. "' ° wps gdr
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.'#38/.'fn other cases, which constitute a majority,
investigations indfcate that underwéfér’néuﬁtainafpdssesé:the
shipe of a regular cone or frustum which were formed as & re=-

LI
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sult of’Bubmaiine voldaniam, Investigation-of-specimens:of orust
rocks and gravisetric tests almo give reason to speak of a vole

cabic origin of submarine mountains, and this concept has recen~

R e Fetnd wide endorsesant /57, 19Ca, 245, 247, 25z, 2o, 3UL,
e By pmsB . 441, kL8/, Paleontolopical investizations -of coral
| “fragdents and Toraminifera collected on the topa of some under-
'”Iwéiér dountoins in the Pacific and Atlantic Ocean make it pos-
T hiklees’ rofer the time of the formation of these wountaing to

fHe Uréteceous pericu/X7h, 200, 23944

U

=0y igfridents of the underwater relief are very interested in

L

VI dEehTéms ‘of the origin of ‘deep~sea plains and -small relief. .sha-

o

W ibeg ‘of the 6cean floor. THe causa of this interest lles in.the
fzet thet the formation of these shapes cannct be explained in

“$heTigkt éf the earller concepts of exogenous processes of re-

R tIiéf*devélSpment'at'gréat depthis. The discovery of these shapes
zavo ribeite’the development of concepts of the existence of po-

Tigerful exogenonk factors of celief formation which hed not. been
taken into congideration' before., One of these:factors appvears to
be the turiidity surrents wnose existence is clearly proved in
the Atlan;}c Ocean and in the Sastern Facific, However, the ace-
tion of :;rbidity currents cannot serve as an explanwtion of the
orligin ofrsome deepesea plaine in the Western Pacific Ocean which
are sep;rétéd from the zon? of the continental slope by a deep

ditch =-= & chain of deep~sea trenches. Consequently, next to be

considered is the problem of expl&ining the role of other exce

s
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genous factors in the development of these deep-sea plains,

t5. possibly:bottom streams or intra-stratum dislocations of se-

idimentation 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 sopms'inst

probable that the origin of these relief shapes is associated

* ‘with volcanism and the result of tectonic dislocatione. However,

a completely definite solution of this problem can only be obe
tained as a result of deep-probing investigations resulting
from & detailed study of .the ocean floor relief aided by geo-
-~ physical obsarvations, and prinaril& by experimental seismology
" methods which would bring to light an association of the shapes
" of the ocean floor relief with atructures,
‘Phe 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 Year open up .
‘great prospects and avenues of new achievements in gaining knoi-

ledge of the submarine ocean relief,

v
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SEISMIC INVESTIGATIONS IN THE SEAS AND OCEANS

(A Survey)

by Yu. P. Neprochnov

Marine Seismic Investigations Bbroad

United States of America. Marine seismic work was begun in
the United'Statoa in 1935 by the Woods Hole Odeandgraphic_lnsti—
tution under ‘the divection of M. Ewing. Systematic geophysical
investigatichs'stgrting with observations of the coastal re-
gions of the Atlantic Ocean south of #woods Hole and east of
Cape Henry. In this preliminary work /21/, refracted and ref-
lected waves were :eceived by seismographs (geophones) which
wers lowered to thé bottom from an anchored ship. In work by

the method of refracted waves explosions on the ocean floor were

" set off from'a 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 geophone was used to record the direct waye passing from

the exvlosion’ 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 wave,
a pressure receiver or hvdrovhone was used. In work by the me-
thod of reflected waves, the recording was made on three geo=
phones, lowered to tne bottom from the bow, midsection, and
stern of the ship. The authors point ocut tnat this metuod was
used in regions up to 180 m deep.

This work was continued in 1936 /23/, and seismic investi-
gztions by thuis 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 /24/. The most valuable results were obtained by the refrac-
tod wave method. The thickness of the crystallic covering of
the foundation was determined in all locations. The data of the
reflected wave method, due to difficulties of correlation (ob~
servation voints 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 lowernd from the ship to the
Bottcm, 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 m /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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I_ioating equipmont /22, 24/. The recording apparatus (seismic

[ORS NI
receiver and oacillograph) was placed in o hermarically sealed

< i ¢

hous*n: and was 1owered to the bc*tom »ogother with a pgasoline-

filled tunk and ballast. Exploaiona were also set off on the -

botton. After record ng thc oxplosibn, a specigl device would
uncouple the ballast, and the apparatue floated to the surface,
.;;;é;a; metnods were developed of caleulating the instant of
detcnugxon and the distance rrom the place of the explosion to
the racoivera hy the entrance of “'the direct water wave and by

roflectiona from the aurface and bottom of the ocean /10/. -

!orld War II interrupted the seismic investigations at

o R

this staga. However, in apite of the fact that the activities

]

“u*ing thoa~ yaars ware prinarily for & militarv purpose, du=~

rinz their courae mnch important material ‘for seismics was ob~
ta ned' goed xnowledge was gained ot phenamenn which took place

dur~ug undeLwater exp&csione, and of the laws governing the pro-

"pagation of aound waves in the water. One of the most important

achievements was the diacovery ‘of the posaible use of pressure
raceivera - hvdrophon&e /51/ in marine seismic work.

§

gy 1946 hydrophones were auccessfully used as seismic re-

ceivers in work by the refrscted wave method in Bikini Atoll

/18 19/. A method’ of shooting through was used, with fixed re-

'coivers ut the ende ot long 11503,’v1th the explosion point

.Lbetweén them‘béing changedz ‘An ‘additional hydrophone was -

LS [EO RS A AR S LA T BT U RNt I
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“used to receive the direct wave proceeding from the explosion

in water, it was sensitive for frequencies of SO to 1,000 cps,
while at that time most hyiropnones were workxng at frequen—
cies between 1 and 200 cps. In these investlgations the hydro-u

phones were placed on the bottom.?

Seismic investigations were revived in the Atlantlc Ocean
during the postwar years. In 1946 to 1947, the Woods Hole Ocea~
pograpnic Institution together‘with thevGeglog;cgl Depaftmenf
of Columbia University’conducﬁgd wide ipvestigations by the
reflected wave method between New York, the B»rmudé Islands,
Puerto Rico, the Greater Antilles, the Behamas and the east
coast of the United States /7y 32, 32a/ . All obaervations were
made from one ship. Serving as a receiver was a hydrOpnone w;th
a Seignette's salt crystal whose outlet was fed into an ampli-
fier through a gradu- ted separatcr and an octave band filter.
The amplifier had a hor;zonpalvperformgqce at frequencies from
100 to 5,000 cps. The recording was_made by pﬁotqgraph? froé
an electronic oscillograph. The‘hy¢rophone)¥as loﬁered to a
depth of 56;t° 500 m, but legser deptuns YF’? preferred because
then the_récording was less conlicaped.:Invthe first stage of

- work explo;ions were set off at depths from 36‘to 100 m, aQ&
then at daptha from 0.5 to 1.0 m, Usually, at each station se~
veral exvnlosions were recorded at different positlons of the

l

jgptave filter. Satisfactory recordings were obtained within -—
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1_'thévfréqhén6y range of 150 to 300 cps, and good recordings ,‘1

at a frequency of 75 cps were only chtained toward the end;

In acdition to depth meflections, recordings vere made of‘#
gseries of reilections from the surface and bottom of the 6cean:
Separation of useful reflected waves was mainly obtained'by
frédueﬁcy peculiarities: they waere recorded at.relatively low
frequencies in compapison with waves which had many reflections
in the layer of water, ‘fhe basic rerlecting level was traced

" tc a dépth of avout 200 m below the ocean floor,

‘In 1948 work was resumed by the refracted wave method in
the submerged Atlantic coast plain in thé region of the conti-
nental shelf and continentsal sloﬁe /16, 25/, with simultaneous
investiSations in the deep-sea trench of the Atlantic Ocean

/26, 30/. The work was conducted by the Woods Hole Oceanogra-
vhic Institution and by the Lamont Geological Obsérvatory of

' Columbia University. With regsrd to method, these investiga-

tions ¢an be divided into two directions, principally deter-

mined by the occan depth.

In coastal regions, up ‘to depths of 100 to 150 a, where
ships can stay at anchor, seismic receivers are lowered to
"'the bottom. The usual seismographs (geophones) as well as
’ hjdrdphbnes:wéré'uaéd”aé seismic receivers /25, 48/. Seismic

' peceivers were connected with the inpuis of several amplifiers

J with different filters: For the reception of refracted waves .
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amplifiers were comﬁonly used which were sensitive to frequen-
cies of 2 to 120 ésp; ocean waves were received on high-frequen=-
cy filtration., The 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
depthsg when the cable was too saort. In the latter case the
derth of the explosion was deterained by the pulsation period of
a gas buoble. The instant of the explosion was comuunicated to
the recording ship by raaio., When explosions werec set off from
wraleboats, the lenith of lines was not more than 7 to 10 ﬁiles
for the sake of safety. -@ppositel nodogravhs 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, overlapving along
threes lines of the continental shelf off Cape May, New York and
Woods Hole /25/, eleven profiles in the Long Island region /48/,
and twvo mutually pserpendicular profiles near Ambrose lightship
/15/. As a result of this work, a determination was . ‘e of the
occurrence of the depth of the crystal foundation covering, and
the sediment. layer was divided into two stzata, called the '"un~
consolidated" and "semiconsolidated' deppsits.

The shortcomings of the above-described metnods (few opera=-
tions, limited lensth 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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as had been developed for deep-eea regiona. Thne, in 1950 to
of Maine /20/, eeveral profiles south of Nova Sootia from the
ccast to tde4deep-sea trench /ké/, and seven reconnaissance rr¥~
files in the Grand Banks regione /11/. Along all these profiles
determinations were nede of eedimentary rocke' thickness and of
the speed of. aeismic wave propagation in deposits and in the
¢rystalline founaation. N

A detailed description of the method of . deep-see seismic
investigatione by the refracted wave method in the Atlantic
Ocean was. given in eeveral vorke /26 33. 47/. In the study of
the submarines geology of the Bernnde Ielande region in 1950 to
1951, two ‘oceanographic ehips were used, the "Atlantia" and the
"Karin,". bQF@,°f which ‘were equipped with tvo hydroohones with
two. separate anplifying eysteme. At each point the recording was
simultaneously conducted on two hydrophonee for a more reliable
separation of useful waves, Each hydrophom consisted of two
Seignette 5 salt eryetale eonnected into a battery and mounted
together with a preanplifier to coordinate the cryatals with the
hydrophone cable. On the firet voyage the "Atlantis" had a four=

channel amplifying eystem.,The firet channel, adjueted to a fre~-

quency of 5 OOO cps wae eet to receive the direct water wave and

‘e vy

reflections from the bottom. The second channel had a aide~hand
amplifier; the third admitted frequenciee below 100 ope, and

the iourth -~ above 20 cps. The "Karin" had reception on two~
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.ehennel amplifying eyatene. Eech channel had a four-cascade *

anplifier with an tnplitication of 12 decibele per cascade,
The filter of the first channel was tuned to frequenczee of
0 £ 100 ¢ps, and of the second to fregincies from 1,200 to
8,000 cps. On the second voyage the "atlantis” worked on a high-
frequency channel end on & channel admitting frequenciee below
30 cps. Euch hydrophone on the "Karin" wae connected with a
threc~-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 frequenciee from’ 1,000 to
15, OOO cps. The 1nveetigators report that the recordings on
the aecond voyage were much better.vy ’

qu shipe 'orked on the profile as followe. One of thenm,
for azample, the "Atlantls," would start drifting and run out
the hydrophonee, end the "Karin" noved avay, 'setting off explo=
sions at 5 to 15 mianute intervaln, and at greater distances
'ithin Z0 to 60 minutee. The protile length was usually 20 to
60 miles depending on the recording conditions and the amount

ot available explosivea. The size of the chargea varied from )

to 10 pounds of totryl for nearby explosione and from 50 to 300

pounds for nore dietent explosions. Before the explosions the
reseiving ehip would be alerted, so that the hydrophonea could
be 1owered into the range of refracted wave action (the exact
depth of eubmereion of the hydrophones ia not indicated in the

erticle). Reaching the end of the profile, the "Karin" stopped
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aﬁd made ready for receiving, while the "Atlantis" approached

an?jeefugf?wtggwexplqaiqnao_In;%hie manner, opposite hodographs
of refraction waves were obtained. In the Burmada Islands re-

giqgﬂﬁou;rggfggpuwgre.determined: unsolidified deposits with an
average spggeﬁogyprop;gation of sournd waves V = 4,51 km/sec, the

foundation with V = 6.63 km/sec and a second foundation with

V= 8,93 km/qu.h?pg‘ppgpdary between the two foundations core

_:egpqn@s to the Mohorovicic surface and is located at an average

depi_;h of’ %l.O km.

_?ork‘ygggcopgucted 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 ships was determined by the Loran phase radiogeodetic
system. P R

in ipveg?iggtipg}t@e @epthugtructnrq of the Brownson deep

/33/ two gnips,wé;e used, making recordings at the ends of a
profile about 50 miles long, while a third ship was throwing

BOo-poung depthvchgpges along the profils, Hydrophones were at-

tached to buoys which kept them afloat when there was a short

catls in{thg H%tgr. Eor,the_instant of the explosion the cable
vas immed.i\a‘;e;;x_’l‘ewty out so that the hydrophones gradually sank

at the time. of recording, The maximum depth of submersion of the

v

hydropnones was of the order of 50 m. Amplifying apparatus simi=

lar to thst described abowe was used.
L 1955 an article was published on seismic work by the

- : £ Sy e o
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reflected wave metnod on a series of profiles from Bermuda to

the continental margins /45/, Two ships were used in these in=-
vestizations, One recorded waves on hydrophones located close'to
the surface of ths ocean while the other set off explosionsz of
small charges within short intervals going éway from the first
ship., Explosions were set off at a depth of about 1 m. The recor-
ding was made on tape and subsequ.ntly 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 refl.cted
and refracted wave method.‘It was fcund 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 /41/ 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 $0 knm
long were worked on by the standard method with two snips. A
recording was simultaneously made df reflected waves. The results
of this work were publiched in an artiele with data of all other
seismic work QQnducted in this area of the Atlantic Ocean,

In the United States investizations by the seismic method
were begun in the Pacific Ocean in 1948, They are conducted by
the Scripps Oceanograpnic Institution under the direction of
R. Raitt, The method and apparatus used are baéically similar

to the above-descfibed, In the waters off southern California

s
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wcrk wes conducted by both methode, of reflected and refracted

vevee /50/. In the reflected wave method charges from 1 to 4
e

pcunds were uecd, and 1n the refracted wave method - up to 100

pounde. Recording was made on & crystal hydrophone. The Ieet re-

M

eults were obtained by the refrected neve method; the reflected
wave nethod provided eupplenentery iufcrmaticn.

‘ Finisuing the survey of work conducted 1n the USA. we will

briefly'pause tc dzscuse the apperatus end method used in marine
Y !M, PN
seismic proepecting fcr oil. A large volume of ceiemic prospec-

r'» M % Bireeiy ey A

ting work in the USA was ccnducted in the Gulf of Mexico, cff the

california ccest and in cther areas likely to yield cil /17, '

AT“

Q/. A eurvey of the methods of eeiemic prcspectlng for oil, as

applied until 1948 15 contained in artxcle /#9/. Since similer

IR ¥

investigations are conducted in cff-ehore ahallcw regﬂone, eeis-

RSN

mic receivere are uaually associated with the ocean floor. At

flret 1and selsmographs were used in marine work; they were her-

oo e

metically eealed beforehand and lowered frcm a eh1p along the pro-

lee. In subeequent years epeczal emell-bulk eeismographe were

"1

designed equipped with gimbal suspeneion. Apparatus usually en-

e 3
plcyed contaxns a lerge number cf eeiemographs, placed at set

1ntervale. The wiree, JOlned in a ‘braid " ase lowered to the
e TR e i

bottom, end the seismographs either floet a little above the

bottom. or (if they are equipped with gimbal suspeneion) they
P AT 2 o3 .
are directly ettached to the wiree. When ueing emall-bulk eeie-

r.,_( wf.{:,,‘. s o g
& "

mogrq@he with gimbal euspeneion. the connecting wiree cnd the

.
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devicoa are ueod in which tho viroa are kept close to the surface

aoisnographs are pluood in a vntorproof rubber hose which can
bo rolled on a drnn uftor uso. The "braid" is dragged along the
bottom to move it fron ' otation to another. In work in rogion-

with conoiderably brokon ground or vith great doptho, floating

Yo

of the sea -ith floats, and the aoiemographs are auepondod ot e
certain depth /39, 49/. SQismic proopocting is ooatly conductod
by tho reflectod wave nothod. Small vooaels with oxplosiveo set
off oxploalons oithor in the center of the apparatus or at its )

olda, after which the rocording vossol tows the brtid to a new

' poaition.

An nrtiolo /17/ pnbliohod 1n 1950 describes a new apparatun
for marine seismic proapecting by the reflected wave method,
whioo makoo it'possiblo to do tho work wifh a single boat moving ‘
constantlyaalong the profiie.vPiozooiectric ofyatois are used as
seiamic receivers, they are contained in a plostio hose filled

with oil, The wholo ayaton is noutrally buoyont in water, thus

Vmaking all oporationa much oooior. During the operation the boat

proceeds olong the profile at a conatant rate of apood. Charsoo
on a floating detonation nainlino are lowerod from the stern of
the boat; oxplosiona are set off in the center of the apparatus
which has 8 to 10 channels, 100 m apart. For the instant of the
oxploaion thohno;iooJof the hose is sooﬁpod by nodns of paying
out tho toolino, as a result of whxoh the load nttoohed to the

bogxnning of the hooo, drips to tho bottom. The use of this

o
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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
1954 /ho/,

Great Britain, Marine seismic investigations in Great Bri-
tain were begun in 1938 in the East Atlantic /13, 14/, The me-
thod of Ewing was used in these first operationsz. The recording
ship stood at anchor and lowered seilmographs to the bottom, Ix-
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 & rasult
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 (150 o 200 m); penetration of grester depths was pre-
vented by difficdlties of placing apparatus and explosives on
the botton,

In 1947 the article by Hill and VWillmore /34/ was published
which described the results of experimentsl work jointly conduc~
ted during tbe war years by Great Britain and the USA, whose pur-
pose was to iﬁveetigate possibilities of using hydrographs to
receive seis%ic waves, Comparisons were made of seismograph re=
cordings &hich was placed on the bottom and of a hydrophone sus-
pended in water at ﬁ depth of about 12 m., The eipérident& gavén

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

Lant, Developing this idea, !lill and Syallow designed an appara-

SEANSEYE ]

tus wnich 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
surfece at & depth of bout 5C m, rlaced within the buoy is a
wife~band amplifier and transamitter which are powered by a 1l&=-
volt battery through a transformer. The amplified §ignal from

the hydrophone is transferred to a frequeﬁcy modulator of the
transmeitter which iz working at a frequency of about 42 megahertz.
When working over a profile it is usual to place three or four
radiobuoys sbout 1 km rrom each other. The trangmitter of the
buevs are tuned to different frequencies. Aftef piacing tne

buovs the ehip begins to throw depth charges along the orofile

at determined intervals, simultaneocusly receiving radioc signale

g

fysm the buoys, tae signals belng filtered and recorded on pho-

-

togravhic paper by an oscilicgraph. The maximum distances of

the profile are determined by the nperational distance of the
radio transmitter which operate within the range of direct vi-
sion, &8 weli as by weather conditions. Tne ship usually moves
away fron tye buoys to a distance of up to 20 miles, Exclosions
are set off at 2 depth of about 300 mj standard 200 or 300~-pound
depth charges are used., After woriing over the profile the ship

returns and picks up the buoys.
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Thls method was used in 1%49 to conduct seismic investigsa-

tzons in the eas*nrn vart of the Atlantic Lcoan at a dewnth of
nhout 2, MUO m /367, The thickness of +h sedigent layst in this
13% - T4 A m e d

region was found to be 1,300 to 3,000 m (9w da5 o 265 Sl

belqw_that are crystalline rocks with & velccity of about 3,0

km/sec snd a thickness of 2,700 to 3,400 m, whick have bacement

rortks with a velocity of ue1umic waves of about 643 km/sec.

Tn 1945 to 1949 work wus ccnducted by the refractad wave

e

methed in the Znplish Chsnnel, along a line paszing scath nf Tly=-
mcuthA/ 37/, Three radiobuoys were qud. wi;h hvdroplicnes susoen=
ded at a denth of 20 m, The lenhth of the pro Lles aid not exceed

& miles. The weight of the BB crharges varied from 2.5 tc 50 1lus.

Mye exylosions uaually gufficed for one prntlle. The whole ope-

ration: drop’ ing the buoys, setting off the charges ant picking

upvthe puoys, ok abeont # hours. Deterwxnations were made of
the thickress of éﬁdimeht layerc and the relief or rhe crvatalline
founcation.

In 1950 works by the radiobucoys method were conducted in the
Ncrth AtJ ntic /?J, and in 1952 in the eastern part of the ccean

/38/ ., The rew.lts of bcth andertaxings show tnat in the deep-scea

ccaan trench, o asal1 rocks lie alrec~lv under the sedinmcnt 1a7er,

'which has a vhrianie thlckness of an average of about 1 k., The

L

baralt ”OChS extend to a aenth of Y to 13 km below sza level,

.wnere the Mohorovlcic boundary has been. detormxned. In order to

! l

[ s

ubtain wavas, refracted at the Mohorovic1c boundary, an addi=-
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tional ship was used which set off explosions at distances up
to 110 km from tﬁe 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' /29/,
Many éeismic profiles were worked on in the Pacific, Indian, and
Ltlantic Oceans, and in the Mediterranean. Over most profiles in
ocean depths, there are rocks with a velocity of selsmic waves of
6.3 to 6.6 km/sec under the sediment layer which is about 0.5 km
thick, The small léngth of the profiles (up to 20 miles) did not
permit determination of the depth at which the Mohorovicic boun=~
dary liea.'

Other countries. As far as can be judged from published works,
marine seismic Investigations were conducted on.a relatively small
scnle in other foreign countriea, In saddition, all operations were
coniacted in offshore shallow areas, mostly for the purpose of
prospecting for oil-bearing structures.

Thus, Mexico conducted seismic prospecting investigations in
tha Gulf of ngico on an area of 1,600 Kka® ahﬁng the coast of the
states of Vgrh Cruz and Tabasco /46/,

West Germany is conducting seiemic investigations by the re-
flected wave method in the Baltic and North Sea /1, 7, 42, 43,
by, It 13‘re§ortéd that good resﬁlts were obtained in the Bay

of Fiel and off the northwestern coast of Schleswig-Holstein /1/.
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The interference level can be reduced to a conaiderable degree

by means gr¢uping aeismographe. The apparatus used is basically
similar tp that used on land, Hyuwcphones &are also used as selle
mic receivers /52/.

Reports werejmade of szisnic prc&ebcting operations in the
shallow offshorélaraas of Jaupan /31/. In order to receive ref-
ractrd waves, sgismographs of the electromoagnetic type were used,
waich were placgd on the rottow of the sea,

In France, marine seismée nroapecolng ig conducted #ith ap=-
paratus which ggkes it possible to werk from a single vessel in
motion /12/4 the apparatus and method is similar to that descri-
bed in the work of Deegan /17/.

Durirng the expedltlon of the Swedish investization sidp
"Skagerrak\"‘seiamic ‘nvestigatione by the reflected wuve method
were conducted in the Mediterrancan /30, 32/. In order to sepa-
rate the reflections coming from layers located below the floor

of the sea, the method of explosions at different depths was used.

Marine Seismic Investigations in the UGSR

In the Ussé; ﬁarine seismic operations were started in 194l
by N. I. hapirovskxy /9/ and S. D. Shushakov in the Caspian Sea

in the caa'tal area of the Apsheron Peninsula for the purpose of

prOQpectlng for oiL-bearing structures /5/.

In 1941 to 19#} the work was of an experlmental -industrial

P r

nature. apparatu% and metnods vere developed, and at the same
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T:lmo information was gathered on the geological structure of

vel of the USA, During the 1941 to 1947 period, the method of -

the region. By 1945, as regards technical and method asﬁects,

Soviet marine seismic prospecting reached the cofrespcnding le-

reflected waves was used to investigate an area of about 2,500
km? adjacent to the Apsheron Peninsula and southeastern Kabri-
stan, to depth of 30 m /8, 9/. Recording is made on electromag-

netic seismogrzphs with oil damping, which are kept at 1.0 to Py

1.5 m from the bottom of the sea, while the connecting wires

in a rubber hose lie on the bottom, Up to 24 seismographs are
connected to a single "braid" installa tion, each 20 to 30 m
from the other., Exploaions are usually set.off at the ends of
the installation from launches. After working a station the re-
cording boat hoista anchor and towas the "braid” to a new loca-~

tion. Recording is made with 24 or 26-channel standard seismic

stations with amplifiers, converted to marine conditicns.

This apparatus and method is used by industrial crews in
seismic prospecting by the reflected wave method to this day.
A considerablg area of the Caspian Sea has been covered by de-
tailed and reconneissance investigations to depths of 30 to 40
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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T;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 .

osman
—————

have been doing experimental work on the use in the Caspian Sea
the correlative method of refracted waves (KMPV),

The penetration of seismic prospectipg to greater depths of
the sea, under the existing method and technique of operation,
is being hampered,vsince it is connect?d with difficulties of
placing a seismégraphic "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 seismograpnic "braid" was unsuitabie 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 seepagej
floéts get wéter-logged and there is a loss of buoyancy. In
1953, experfﬁ;nts conducted at great depths were for the time
being continued with the old equipmeﬁt.

By that time great forward strides were made in the design

éf a new éeismographic "braid" for marine seismic prospecting,

-

lconducted by VNII on geophysics together with the chair of -
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T;oophysics of the Department of Geology ef Moscow Stote Unie

versity (3. I. Rudekovekiy. S. i1, dverev, Yu. %, Neuvrochnov).,

A small-bnlk seismic receiver was desirned with a Sueienettats

salt crvstal, and it was proved tnat it could be used in marine _
seismic procpecting /2/. The piezoseismic receivers and wires

wowa nisced in a rlastic hcse which was filled with o0il, so

that the wnole installation would be in a atate of suzpension

in watar, In 1954, using such a piezoseiamographic "proid" with Lo
12 recording channels, experimental work was done in many regions

uf the Cawpian Sea., For each channel of the piezo braid there

ves a rroup of 10 seismic receivers; the distance between toe

centers of neighboring croups was 50 m. That same year a ciezo=-
selsmographic "braid”‘was tried at great depths of the sea (re-

gion of the Ignatiy rocks). Here, for the tirst time in the USER

& recorainy was mede of reflected waves during the motion of a

siip and “triad" apd the prospects of this methed were detare )
mired,

In the sumeer of 1y55 work with a plezoseismographic "braid"
were conducted on A wider scale off the Turkmenian coast cf the
Casmpisn Ses.’A nethod was developed of recording the reflected
waves wiile’ the shiv was moving, and tous, within a suort tiwe,
detailed investigpation was made of the deep structure of the

underwater continuation of the Cheleken Peninsula. Experimental

1 ’ \
lxoric wus conducted at depthe of the sea between 70 and 80 m

- 182 -

.



' investigati&ﬁsywere‘.

in the region of the'Livanov bank. " While'ﬁorking over the pro-

flle the ship was moving at a steady spesd of about 5 km/h, to-
wing béhind *hé”stern the piezo braid at a depth of about 10 n

(thia depth, as special experiments showed, is the best for a

J~,

pressure receiver in recording’ raflected waves in the region

' under investigation) Explosione of S5=kilogranm charges,were set

off'frcm a'lﬁﬁhch which was alao towed by the ship. An experi-

nental profila 10 km long was wopked on over the Livanov bank
| by the method “of continuoud profiling with reflected waves. It

mwas fpund on the basis of the seiami¢ cross section obtained that

there was an ntzclinal fold in this region.

In 1956 “work was ‘organized according to the plan of the

‘ preparations for the International Geophysical Year of deep

seismic aounding ‘of the earth's crust in the Caspian Sea, The
jointly conducted by a num=-

ver df'orggniiaﬁibﬂs°(Institute of Torrestrial Physice Acad Sci

" USSR, VNII*an"ge’e‘S;’:ﬁ&éics-, the Azerbaijani scientific research

institute on petroleum extraction, and the Institute of Ocea~

V:nology Acad Sei USSR). A choiee 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 on exténding from 100 to 200 km;.UauuLlydgeqqrding

aas simultaneousiy 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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T:ast coast, and on Zhiloy island., The ships recorded seismic
waves by means of hydropnones, connecting the piezocryétal and
preamplifier. The outlet of the preamplifier was tr:nemitsed to

geveral amplifiers which cperated at different frequencies.

‘t

The wave refraction was us.ally well‘recorded“on frequencies

"of € to 12 cps, and direct water waves -~ on the high-frequency
¢nannel, 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 detonatin; ship threw 135-kilogram depth charges
at intervals of S to 10 km along the profile. The positionse of
the ships were determined by radiogepdetic apparatus.

Seismic investigations in the Pacific Ocean werc begun in
1954, by the Institute of Oceanology Acad Seci USSR /4/, ﬁork was
conducted on the oceanographic ship "Vityaz'" by the method of
reflected and refracted waves, For regérding of waves apparatus
was used containing hydrophones, amplifiers, octave filters and
a £ilm oscillograph MPO-2., The octave filters made it possible
to pick the‘required band frequency. Recording was usuallj cONn=
éucted on two hydrophonea at the same time, one of which was lo~-
wered to a.depth 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'.ﬁ Charges of the. order of several kilogramf
J y —
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T;ere used which were electrically detonated. Recordings were
made of direct woivr waves reflected from th: eceran Lo tor, as
well as thcse reflected from two or three lower~lying horizons,.

In ordar to separate the belowwfiécf"¥éflections, & fracuency ~_

cri gwion vas used. Qeflcctlons were ob+a1ned from horlvona at
R RO s A i T mue

gsptus aup Lo 300 © below the ocean xloor. In work by the rofrac-
ted wave method, sn aukiliary*detonation boat was used /3/,

4 - In 1956 sork by the reflecte ﬁavéiﬁetﬁod'Qés'conducted
during the Antarﬂtzc akp;dit*on of the Acadé;y of Scie;ces 88R
byﬂthq,d@osglfglecpriq shﬁpH?Obt.“
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QALITATIVE AND WATTITATIVE CUARACTSREISTICS

OF THE DEEP~33A BOTION FAUNA OF THE COLAN

o A Zonizevich, Ge iie Rolynyev,

foad

Yoe A Birsinteym, Z. 4e Filatova
Introduction
The dete concornin: the quelitotive end quentitative dlstribue

tion of tre botite: feouna of the ocenn bed, which comprisce abeut 70

per cant of the watire surfrce of the earth crust, repraosunts &N eX-

_erWvly imnurta., part of our seneral concsuts about the distribution

»

of 1ife in “h2 blosrhore. Both the cuzlitezive cainosition zad tue
cuantitative distribution of the botienm faﬁna pre in this rostect
enmlly i@t: 2otint.  Soma of the most sharsctoriziic vropsriles of
e caposition cad digtritution of *se botton faune 2t éatast
ocenn denihin werc wade & ;xarvnz only within the receat yoers, in con-
ection withh the ¢ r"blO“hunt of desi=can explorstionse It sheuld be
go;nuﬂd out, tiet opinicns ﬂboﬁt 1ifelesmese of oceen depths wvicocde

i, 6§OC-~;‘CO m vere oXﬂrbauﬁa only scveral ye&rs 8goe Ine UnLGUo-

s of the I L.nu et greet ue‘tna ir Pirst of nll exarplifio~d by its

cS
sretawtic composition, n.g well as by the vertical snd reopraphic

:iverbu ione Popular cuite recantly wes the odpinion ebout the srent
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wiformity of faune of the abyssel zone both in worlous ocunis and in

‘their individuel pertse At the present time there are reasons to as-

gume that, elong with = substential ouelitative impoveristment of the
ceann Poung e e whole, en incrszncc in the @lysreity of tho daepesni
foune prover takes place es the demth increases. The data exiszting
today indicate thet the populstion of various deep-sca depressions is
chorceterized by a clearly expressed taxonomic individuslizetion, and
tag by o censidersble cnderiisme A far ca the cuantitative charac-
Yaristics of thoe bottom feauna ig concorned, one m2y7y On the bLeade of
contenporary data, speak in terms of a decrease souetines of thousends
and tens of thousands of times in thc quentitotive abuncence (bianess)
of thc’ecean faune in tho romote despecen rorlona of tho ocean, 23
comnarad with the 1ittoral shallows. Tesides, the degree of this do-
croase veries strongly.in different regionse
Ono mey essume that the study of the frunn of the dootha of the

Worid Ocesn bed be:en with the famous B(hellen-ar® expedition in 1872--
—1275, under the leadership of “orvillo-Thomsons During this exnvedi-
ticn 20 successful aweerings ai devths of 4000-~-5C00 m and 12 swoep-
ircs et derths excaedin: 5000 m were cerrisd out in vertous recions of
tha sorld Cceen, ur to & meximr depths of 5770 m in the contrel nart
“of" the Atlantic Ocsan, near the Tronie of Cancer /79/+ The spoacial
deop=sen éxpodition on the "valdivia® in 18086--189% and a number of
other exﬁ;ditions in the last guarter of the nineteenth century suce

cceded in making collections of the bottdu faune only at depths of

less then 6000 me Only the expedition on the Americen vessel "Alba-
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tross" tr:.wled at a dept: of 7,032 m in the Tonga Trench in 1899

the haul, however, brougnt up only fragments of siliceous sponge,
similar to the snonge obtumned by the "Challsnger® expedition at
a depth of l,GGO m in the western part of the PFucific Ccen-. 1t

remains uncxplainad whether these are fragments of a gv.nze that :

~actually lives at such a great deptii or whether they are tne ske=-

letal remains which fcurnd its way here frow lessep udeptas /70/.

In cur home waters, deep-sea fauna wae investipgated in the

1

seas of the Far Esst by a numcer of expeditions directed by K. M.

Deryugin in 1932 and 1933 /17 to 15, 36, 37/, in the Iolar basin

by the expedition on the icebrezker "Sadko" in 1935 through 1938
/16/, and near southesst Kamchatka by A. ¢, Andriyashev in.l9h6
/2/, but all collections of these expedltions were made at depths
less than 4,500 m.

Not counting the haul made by the snip "slbatross,"” up to
1948 the most succeazsful trawl, which trought up a catch of vae-
rious-animals.from the bottom, was {hat zade early iu the 20%th

century by the Prince Albert of lonsco exvedition, at a depth of

6,055 m in the eastern part of the central Atlantic -4b4/, The

- work of these, and sicilar expeditions of the post-Chal.enger pe~

riod, including the series of decv~sea expeditions of the last de-

cade, 4id no;hyield essentiul new data which would substantially -
broaden our ideas of the distributicn of life at depths greater

than tne mean ocean floor depth. Only in the last decade, due to

ths work of a number of deep=sea expedxtiuns, extre..ely :reat
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advances were mede in studying the deep-sea faune, particularly the
faune of the maximum ocean depths.
Tho data on the routes of the three roun&—the-world expediticas

o tre last decade ("Albetross II," "Chellenger II,", end tonladue B)
and t;ne ceneral characterictics of explorctions conducted by thenm, as
ell as the work of the expedition vessel *yityez!" of the Institute
of Cceanog raphj of tihe Acedewy of Sciences of the U.o.S R.,ore given
in t-2 introductory ~riicle of this collection /25/« As for es soew
cial exolorations of the bottom fauns by these exnedlitlons arc con=
cerned, the MChnllenger II" did not conduct sny work in this field.
Collections of the bottom faune maée by the Swedish deep-sce expedi-
tion on the “Albatross II" (1947--1945) were limited to rogions of
the Atlontic Ocean tetween the equator and 44° 11, Lat. This expedi=
tion mede 12 swesvings, including 1l at oceaﬁ " depths from 4000 to
6000 m, and one (on fusust 18th, 1948) at a depth of .7695--7900 n in
the Tuarto Rican Trenches  The kaul obiained from this denth contained
only & s;:all amount of thne bottor feuna in a very poor state of pre-
aervotion /70/. Detocted in it were sevaral hollou tubes of Foly-
ehnota of itnc Terebellidee frwmill, fragments ol tho o celiicaphele sDe

of Folychacis, a pood deal of i’xﬁﬁfﬁ.podc aff. Porccallisons spa, cnd

fo- .+ enocinens of three other svecles (1 etendonie islondicn Stephen=

]
sen, Sugirus bethybius Schellengersz, epnd Synopioides gecunde Stebbing),

ons Isonod bslonzin: to a new genua and specios -—— Bethyopsurus nybe=-
lini ordensten, and fragments of Pborut twenty s,ecimena of }Iolothu-

rioldea of thie jenus remi"z one or Scotowassa /51, 69, 69, 72/ The

(%)

L 4



L

N
[ results of processing of the desp-sen fauna collected by the Swadisﬂ_w

expedition were published in a number of articles and in two speciel

iasues of Reports of thia‘expedition (Revorts of ihe Swodish Desvecen

Expedition 1947--1948, vol.'II, fesce 1, 1951, and fasec, 2, 1955).
:Ench of these articlés contains also & summary of bibliographical data

pe-}

"on all occurrences of representatives of the corresponding systemetio

grour et depths exceeding 3000 m.

Teble 1
Composition of the bottem faune obtained by the Vityaz'®

at a depth of 8100 m in 1949

Systematio Number of

group Species npecimens
Spongia . .o« .. o] GoSPou v i e e e e e i
Actiniaria. . . . . .| Galatheanthemidae . . . . . . « « . 6
G. \p. « * 8 8 8 * 3 % % e o 8 4 e 1

Polychaeta . . . . .| Amphicteis mederi Anmenkova . . . .| About 20
. Vitiazia depieli Uschakev . . . o o ‘1
; Mucellicephula zenkevitehi 1'schakov , 1
Muactlicephule ides grandicirra Vscha.
Kev o o o w0 0
Lumbriconereis sp.v . . . o . . .
Potamilla sp. L . L. . ..
Echiuroidea . . . . .| Jokcbiu birsteini Zenkevich . ., . . 1
Bivalvia . . . . . .| Propeamusiium sp.. . . ..
Cephalopoda . . . .| Octopoda . . « v . ¢ v v o o v o 1
Crustacea Isopoda . .| Storthyngura herculea Birst, [
Amphipoda . .1 - G.sp...v v e v i ... . |Several

. . LA . . . . ;
4

Holothurioides - . . .| Elpidia glaciatis Théel . . . .. . .|About 20
) Pseudostichopt SP. « v o v 0 o o . 3
Pogonophura . . . .| leptubrachiu abyssicoly lvanov . . . 1
» Siboglinum cautleryi Wanov . . . .| Several
: SThORHIIM SP. v o v 0 4 v o 0 v 2 s .
Enteropneusta . . . o G. sp. ) iz

.

- The sweeping in the Puerto Rican Trenmch wes record-breaking

|
—
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Thus, the research tools for collection of' the bottom founa reach-

ad in 1951 both in terms of quelity ond of.qqpber the greatest depths
of the Yforld Ocean, end the existence of ; diversified life ot any
denths of the oceen wss proven. hazteriels collectsd Ly tho RIVEINA RS
are at the present time pertially already processed by specislists,
end their publicrtion wzs begun in the Galéﬁhéa Reports series. The
gecond volume of this edition, containi éyarticles devoted to vericus
groeups of Lottom invertebretes (Ceelenteratn, Heuntodes, Pelychrets,
Isopoda, Tenaidecea, rantcpods, Echinodermaﬁu, Fogonophora ), '3 pub-
lished in 1956. Gxtea in umost of these artlclea are the results of
processing only of those representatiVus of the corrnspondinr &roupa,
which were collected at depths excecding 6000 me

The work of the "Vityaz!® on the atudy of deep-ses feouna, which
boren in 1949, ware continued in 19“0--19)5 rnd encomparsiad our Fare
Fostern seas end the edjoining north-western part of the Pacific »
Czean {Teble 2). During four voyeres of the "Vityaz’" in 19532-=1955,
numerous sweepinge in devihs of the ocean bed were carried out, und
gix deep-ses trenches were explored, from the Aladtian to the lariane
and the Ryu-Kyu (Teble 4), During this veriod the "Vityez!" conducted

21 swezpingz and took 7 dredging smnples at depthe of rore then 6000 m.

The three most abyssel hauls were obtuxned while sweeping in the Kuvri-
y

‘ lunamchatékeya Trench at depths of 9000=~9050 m and 9700--9950 = and

in the Idzu-GBonin Trench at dcpths of 9715--9735 me The most abyssal
dredgin:; sample was taken in the Aleutian Trench from a devth of 7286

2. Table 2 summarizes the detae concerning the number of deep=sce
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sweeping and dredging semples taken by the "Vityaz!®.
Table 2
The mumber of sweeping and dredging sampies obtained by the
Ayityaz!® from depths excesding 100C m in 1949--1955

Sea of See of Rering Pacific Tolal

Denrth inm Japan Okhotsk  Sea Pcean
aw dr sw dr .sw dr sw dr sw dr
t
10003000 5 | 12 13 | 5 el (|1 3l
3000— 4100 1|3 ‘ | 4| 12 11 | 18 23 31; g):; 7;
-1 - -] - 2 2
vore than 6000 RS B | .

At the present tiﬁe, amons, all the deep~sea trenches of the ocean,
the Kurile-Kemchotke Trench, whcro>17 swespings at depths exceeding
1600 1 end 9 at depths from 600C to 10000 m were made, has been ex-
plored in rrontest details Proliminery results of exploration of the
Karile-Kouchatka Trench were published in articles of Le 4. Zenke-
vich, Ya. 4. Birshteyn, and G. M. Belyayev /25,27/, and resulis of de=-
tailed precessing of the material by separate sysiametic groups were
=iven in e number of articles by verinus authors /4, 8, 11, 24, 20, 35,
4c, 41, 42/.

Fineily, one should mention the work of' the Consolidated Antarct~

j¢ Zxpediticn of the Academy of Sciences of the UeS.SeRe, which wes

begun in 1955 on the vessel "Ob'e® The "0b!" made collections of the
deep=con fauna in 1956 in the Anterctic waters end in the Indian Ocean
and were carried on in 1957 and 1958 in the seme regions and in the

southern pert of the Pacific Ocean.
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Table 4

Regional distribution of sweeping catches made by various ox=

peditions at depths exceeding 6000 m (up to 1957)

Rezion

Atlantie Ccean

Puerto~-Rican Trench
fdestern part of
Contrel Atlantic

Indian Qcean
Jeva Trench
Pacifie Coean -

Aleutisn Trench

furile-encho $icane Trenoh

lierth-western pert of the
Pacific Qoezn

Jepan Trench

Idzu-Bonin Trench

ierisne Trench

Ayu~Kyu Tronch

Philiopines Tranch

Banda Sea Trench

“ougeinville Trough

Yemandzk Trench

Tonze Trench

Hunher
of

catcnes inm

-— e 1l S

>

-rl 3N

-

76257400

1N

6930—7 110

B4V -7240
HREN—H

BOU0 —6280
a1 ~7280
TIG—~H730

TH8H—T7815
P 8810

| w90t '
L g 7280 ¢
| B810. BY40 |
© B140--8300 |
l 7832

Denth

Bxpedition

Swedish "Albatross II"
Prince Alboert of llonaco

%Galathea®

Yvityaz'®
[}

X2 s 3 3 -

fl
fcalstheat

n

]

n

Anerican "Albetross®

tiethods of Collsction of the Deep-sea Foune

Tue Azassiz trewl, which wes first eusployed by the expeditiocn on

the vessel "Zlake" in 1877 /68/ and which entered our litersture under

the more common neme of Sipsbee trawl end which 1s sometimes also cal=

led the sled 4rawl, remains up to this time the principél tool for

collection of deep-sea bottom faune. In

— 200
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is being used with various msjor or minor modifications. A very im-

portant device wes introduced into practice in the 'thirties by G. P.
orbunov /16/. This devico consists in flexibly mounting two rods,

seunl in lencih to the tied trawl bag, to the sides of the trawl Trowes

The traul bag i;;-x‘sstcned by outhouls to the rods, which prevents it

T~

from being wrapped around tne frewe wien the trawl ic lowereds Ii=-
actly this wedel (ihe 3izcbes=Gorbwiov trawvl) found & prodominent
employment during worlz on-ithe "Vityaz?'," where its frame was 2.5 n

wide =nd its weijht 2bout 200 kz (Fige 1)s As it is lmowm, the travl

- 201 —
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‘offers the possibility of moldns only e qualitative sccount of the faue .

na. However, due to the meager recpreosentativeness of drecdges &s
quentitetive tools of hauling at groat dedths, due to the rarity of
gostloments of the despmnoe faung (in mny cuae of the were or lo.
lerge en wels), maldne a quaniitative estimats on the basis of Lrpile
ing bauls was of a substantial intorest. A member of the Institute of
Oceanozreohy, Ye. I. Kudinov, constructed for this vurvese an instru-
rent we Sravlosrapk -- wnich recorded tne length of the path coverad
by the trawl et the bottom. The dats on utilization of the travlo-
craph during deep-sea sweenings of the tystyazt® are given In the

erticle of Ls As Zenkevich, Ya. A._Eirsntgyn;‘and Ge Me Belynyov /27/s

Pize 2. ‘Double trewl used on the *yitvazt,? constructed sccord-
ing to the trawvl type used firet on the ®Galathen.” Fhoto by
V. liartsisaov.

The most sirnificent modification of the Sigcbee travwl 1s the

model emnloyed during the work of the MGalathea® expedition, aleng

— 202 ey
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with the regular type /44/. The frame.of’ the modified type is 6 m
wide “and 75 em high, e nd weighs only 40 kz. The trawl is provided
with iwo bags, each 3 m wide, which} are placed side by side. 4 some-
what heavier model of this type wos gsuccessfully espleyed in 10573, ac
well 83 on the "Vityaz" (Fiz. 2). The Swedish expedition '§n the
FAlbetross II® in 1947--1945 employed for deep-sea sweepings a tene
meter otter trawl, which rede several successful sweepings at depths
o' i to 7900 me Howsver, judsinz by the description of hauls obtain-

ed by thiz trawl /70/, it cotches well fish, hut is of little effeci~

3

Fige 3¢ Ring travwl being atteched to the trawl warp from the

storm traf)-ladder lowered from the vessells s‘tern,v during sweep=

ing conducted by the ®Yitynz!" from the anchor winch at a depth
of 3700 m. P'ho‘bo by G Belyayev,
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s




1v§qeas as far as collection of deep~sea hottom invertebrates is con-
cerned.

For deep~se2 sweeping on the "Vityaz',® verlon ring trawls with
2 160 cm dicmeter were fastened to the 4rewl wmrp at various intervals
som the travwl, in order to male horizon'el hauls.in the weter colum
at various horizons. These ring trewls yielded usually rich cetches

of deep-sea fish, crustaceans, end of other bathypelagic enimals,

1
N ot

Fice. 4, Grab of"'d';o ".O.céﬁh 50‘ typecm &éA'Vityaz" hefore
bemg, lovered. Phofg byxv. "Ii!ar:hﬁlésov.
imployed for quantitative collections of the bottom fauna by all
contenporsry expéditions are grabs representing various modifications

end improvemonts of the Petersen grab, which has been in use for al-

most helf & contury. A greb of this type, with an opening area of
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BYity2zt? eaployed the ordinnr: Fetovser [rai wili an evenin

[ -l

2 ) -
o2 7, was used for desp-sen wori cu the "Gulathea.® Up to 109C ihe

A .
N g A . - : 2 ;
Conlomnt Ouli 07, end Prom 1550 or, the "Qenrin 90" (04275 7)) 4omn rah,

caetoand brrocwmbere of the Imstitute o Ceouencler:y Ae Fa Lisitzors oo
Ge Be Udinteev /31/s This model iz distinsuished by a dovice wiich
pravents the reab from closing in the wnter column while vein: lowersd
[75 e &)e & sinilnr deviee exicis on 2 soncevhat modifisd Pn gan
rabl (Oarinbell

creb), which dm u-ed Loy e Americmn exuler-<ion chiip

Tnlara IVY of the University of Jcutisrn Coliformize Ia niddiiiow

4 - -
this ship uses aluo a »eculinr feuredoor Harvard xreb {Fig. 9), whieh

boars, due to fte unique shase, thie nome Mornnze peel” /57/.

Firs Ba Touredoor Hewwavé pral on thz "Welero IV' /%7/.

4z Lamnn pointad ont only recsatly /50/, the motiod of collect
inc vAe :zz'-.allca:z.’r.; bottom aninzls is uv to this Lime wuat;s:‘r ctor:re In
cormactilen vitn this one should mention the method of wushing the dacp-

sez drad;ing sabples in a silken geuze ba- with mesh dicmeter of C% rn

, Wnich is pleced in e tanl: with circuluting see wator. If

=~ 205 —




i T SR,

~

ﬁ:signifiéant amouni of unwashed soil regains at :the bottom of the bag
after washing, an elutrietion of animals contained in it is madee Al-
theush thia washine nethod consuries often substanticlly more time then
tne usurl mothods of weshing the sarples on retal weshing screens (o8~
pecially when washing cley soils), it has a material edveniege as com-
vered with the latter. Owing to the small mesh dismoter of the silkemn
ceuze, the preservation in the serwple evon of the smallest animals,
lesa thon 1 mm lerge (Ncmatodeé, Harpacticoidsz, ete.), is gunrantood.
Sesides, inasmuch as the soil being weshed is nat subjected: to. the die-
pect effect of the water jet from the washiﬁg hose, even the most
fragile and deliceto orgeniems are pregerved in the sampie undemag ede
The utilizetion of this method permitted, during the work on the "Vvi-
tyaz';“ to obtain rich collections of various snall decp-sea botiom
orcanisms which wers up to this tide studied only to-g tery. imsuffici-
ent. extent.
General Characteriétics of Decp~sca Piocoenoses
The first attempt to rive a qualitetively communal charccterist-

ica 0f the bottgm nojulction of the open regions of the ocean, includ=
in; the deep-see rezions, wes made by Pgtersch /71/ in the well-imown

schome, published by hir in 1915, In this scheme Fetersen plves &

mmbor of bottom commmnitiosn of the north-eestern part of the Atlantic,

up to Zestern Greenland, 3pitztergen welers, the. Barents, Whita, and
Paltic Secs in the north and the esst, and up to 48° S. lat.to the
south. For deep-sea rogions (exceeding 1000 m) of the Greenlend and

Forvegisn Sens he indicates a commmnity with a cheracteristic.form of
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[ Pecten friricus. The regions with depths from 1000 to 2000 m scuth

- of Tceland and west :of ' Great Britain end Ireland are referred by

Petersen to the comrmnity of Pectszn viirous, Abra longicallis "and

bold

g of vorious other cheracteristic, or at least important accom rnying,

speciss® (page 5). As far as the comrunity set off by Petersen Ser

the nore southern rezions of the Atlantic with depths exceeding 2000
! n, is concerned, the euthor notes thet it is for him impossible to

voint out any widely distributed charascteristic species. It should be

noted that Cetersen's scheme hod only = stricly erientating izporianeec

and.was  to a.significént degree even hypotheticals

i
t
!
i
}
I

Twenty yenrs since, on the basis of results .of . conerste quanti-

tative investiyntione of the bottom fauna, SpHrek thourht it pogsible,

cuo to extrame poverty of detm, to indieate only two deep-sca cormun=
jties in the Atlantie::the community of Foraminifera in the Yatcrs of
Seotlond end of HSastern Greenland et depths up to 700 1z, and the coo-
manity of Pecten vitreus at depthe exceoding 200 m in a very limited
rosfen of the 3imgerrak end of the Cslo Fiord./73/s In 193¢, compare
ins ine above montioned Petersen's scheme with data of:.biocoznosis ex-
sloraticns accurmleted in the course of two decades, Sp8rck /T4/ nede
an “sttempt to delinimte the bottom communitves from low dopths up to

" the upver borizons of the nbyss end to jive their clossification. Ine
¥ to his treotise on these corrmunities Sp¥rck introduced, on one hand,
the zooreographic principle, and on the other, the principle of their

éemarcation according to depth and pertially according to their adept-

N etion to various soils. Thus, for example, SpErel distingulsehs a
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boreel shallow-wotor commmnity (Denish welecrs and the Bnltic), an erc-

tic commmity of intermedirte deptha aad of soft solls (in the Spitze
beren reolon and near Zsstern urcenland), cice It sheould be nol:d

. | ! Yoz Mes a8 Snt
that wll comuniiies cdoitlazd by Syt

o
fes)
7

rel; ere Jived 1o co

1

-~

relatlvely challow re icug o the Atlentice. As far za the‘ yeien of
distritution of greet depths is concsrned, SpHrel. points out only a
sin:le derp=gea comsunity tesr the southeesstern censt o2 Gre:mland
end rotcs tiai dots for any furthor synthosis ere ebseats Up to tils
Lime we have no oiher ~enereliring studicss en ihe corrunol disuritie
tion of thc bottom fruna in the Atlentic Ocean.
ith resvect to other regiena of tho Vorld Ccecn, up to s reeernt

tixe we hod no date whetsoever et our dinnesal which would char: cior-
$22 the cormumal distribution of the docp-sca fmumts In 1949 the oX-
slorotions of the "Vitynz!'" were bequn, which encompassed, in the po-
riod from 1949 to 1955, the desps of the Sems of Jaman nnd of Othotslk
ond of the Berinr Ses and of the adjoining revions of ihe Pucific
Qcoen a2t 2 total area of mora than 2 rillien 1-.1*12. ™e resultz of the
srelininory ceneralizetion of these dets, jllustroted by a scheme of

uelitetive distribution of the bo ttory fauna in the Par-Zastern zons
end in tho northe wectorn part of the Pacific Ocean.(Fig. é), orc siv-
en in articie by Le As Zenkovich ond Z. &s Filntova /28/+ According

. ,

to ireso auf,hors, “ha cualitative distribution of the botton founa is
detemined I;asically by the extent of iso.,tion of the scnr bas.’m Tron
the onen oceen, by the degree of remotonesa ol a given rzjicn fre:.

'~

ghores, end by the denth of the hebitats On tho besis ol comprriscn
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Fire 6. Scheme of qualitative distribution of the bottom
feune in 4“he Fer-gastern soes ond in the north~uestcrm -=rt
" of the Pacific Oceen /28/.

1) Fawne of oversrowing ‘(sponges, hygroids, bryozoanz, eic);
2) Zchinercchnius pamaey 3) Cerdiun ciliatum, etcej 4) io-
coma celesrany 5) Ovhiure sarsiz 6) Small bivelvesy 7) Hello=-
netrs glocialis == Ophiurt sarsiy 8) Fo;onophors Giboglinumy
9) Hiacellﬁneque Polychoetaj 10) Irresular ase urchin Zris-

estoers 11) Hyaline spon;es (Triﬁxonido), Holothurioidee, Fo=

'ogonophor"; etc.p 12) Fotemilla symbiotics; 13)vLmnellisabella

cachsi, ctcep 1h4) Zlpidiidae, Psychropotidec, Porccllanasteri-
gas, etcs, 15) Spinula (ialletiidae, rivalvia)s 16) Elpidia,
.accellicephele, Thalesseme, oice

‘
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el faune in the_sgme verticel zones in verious paris of the whole

vest explored region the authors arrivé at the 6§nciuéibn thet differw

ences exist between the fmune of the sublittoral, the bethyal, mnd the

nﬁyes cf the nar;inel Far-Zestarn seas snd the faume of the corresyparid-

ing verticel zones in the adjoining re;ions of the Pacific Ccean, -
- Ls Ae Zenlovich and Z. 4. Filatove show for the sublittoral of

tirs Far-Zacslern seas & series of verious communitiés whose comvosition

and distribution is determined by their fixution to the voricus levels
4 of the sublittoral (the uppor end the lower), end, within ezch lovel, .)
primerily by the nzture of the soil, ns well aa b& the gaogiaphic loce
ation of the aree, the near-bottom temperuture, and by the currents.

"In the bathyal of the Sea of Okhots!: and of the Bering Sea, as well

gs near the oceanic coast of Ramchatke, a very charxctoriztic ine

{ © feuncl blococnosis has sverywhere » considerable develooment, vhere

t the irreruler sea urchin Brisesster is thz vredemincnt species, slons

with tvically soil-concumin: and deiritus-consumin: species cccompany-

in,’ it -~ Otenodiscus criswvatus, Trochocton~ (in the Sea of Okhotasit), |
or Joldia terin;isna, Holothurioiden (in the Bering Sea)." i/ith re-

| coeet to the abyssal zene, in the Bering Sea it 43 ¥...cherccterized
by the deep-se2 community, which contains various hyaline snonges,
Holothurioidéa, Actinsria, lerce Bethysinhon, and, of Echiuridorn, the

Tationellle érﬁcilis." For the abycs of the Sex of QOkhotskthe authors \
indieste thc'cammunity Potarilln Symbiotica for iis less deep parts,
and the community of Pogoncephora Lemellisebolla rachsi, Foreminifere

Tothysivhon end Zchiuridea Tetienellir ~rendis for the greatest
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depths of the southern besin of the Sem Olhotsks Fineclly, two come

munities are named for the oven aress of the north-western part of the
Frelfie Qceane Typical cf the norihurn slopes of the Kurilo-Kamchote
skaye Trench is the cormunity where verious gnecies of ¥ol
dominztes "The bod of the Pacific Ocean is doeucied by & fairly uni-
fom comrunity of {typical deep-sem oceenic anecies, most characteriste
1¢ aweng which ore, of Holothuricidee;.the Elpidiidee end Psvchoropo-
tidne, of Astereidea, the Toreslloncctsridee end Erieinsidnz, of sea

urchins, the Pourtclesiicac end Schinothuriidue, several snecias o

=l

Actiniarig, medrevore corels, Bathverinus lily, end of Yolychacte, who

“reprecontetives of the femilies Meldenidee snd Amphoreiidees A very

cheracteristic momber of this commmity iz the universally encomt:red

ey

Livelve of “hs fami ily iinlletiidee, the 3pinulc oceenicne®™ (mee 159),

#e lo Sokolova offers a much more revined system of the desp-ses
bottom cemvmnitive in the sbyssal ports of the Sen of Okliotol rnd in
the Bering Sen in the orce of th° Kurilee~Kamch:tlka . Troneh /33, 74/,
On ths basis of guontitotive relntionships of various rovrecentatives
of thz botton fauna in sweeping heuls from deovths exesedin: 1000 m,
Sokolova distinyuishes 11 bocie ead S trensitiencl commmilics ond
syen thol

sivez thelr ceclogiczl chorrelarisgticse Four of thzse corsmunitisg are

meountarod *Tt denths betiesn 1000 and 3000 m, one at d:pths ol 1000

‘to 4000 n, seven ere fixat:d at depths from 3000 to 5140 m, end four

arc finally cherscteristic only of maximm ocean danths of more than
8CC0 me” 'On tho pround of amelysis of fesding of the prevailing spee.

eies in each cammnity, the cheracteristics of alimentary groupin:s
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of the bottom invertebratec in each community end of nairitive - inter-

relationships within the community are given. As Sokolove points out,

‘tha rroeter pert of deop-ssc2 botiom invertebrates bolongs to coutono-

nhegs snd to soll-consumers. Thereforc, accordin; to the opinlen of
this author, the peculierities of distribution of &lasilc deposits
end of the maferial sucpended in the near-botﬁam layerz of water,
stipulated by the velocity and direction of sbyssel near-bottom cur~
renta which are in turn dependant on the ncture of the roliel of the
gen floor, ruzt heve tho decisive importance for the distribution of
the deep-sea benthoese. Zcologrically mcnotypig decp-sea bottom cormmumée
jtics have been ddonfified by Sokolova &t various depths of the ex~
plored region, ot.similar conditions of depesit accumilation and of
distribution of necr-bottom suspended meterial,.

Refularities of the Chenj:e of Conposition of the Boitem Fauna

with Resnect to Dnpth

L8 the depth of the habitct increases, a sharp decline in the e-
bundance of species inAthe bottom fauna tekes places This reguisrity
wns obearved even by Murrey ss a result of penerslization of drnta con-
cerning the number of specice in sweoning catches mede by the "Chale *
len-er® expedition (Table 5).

Completé lists of' species prevalent 2t depths oxceeding 3000 n
ere given in the Reports of the Swadish deep-ses expedition of 1947--
«-19L8 for a number of systemsiic groupse Informetion on the dis=-

tribution of botton invertebrates at great depths, reported at the

Fourtesnth Internetional Zooloiical Congress (published in the «col-
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lectien "Crn the diztridution nnd origin of' ths deap=-sas botion faune. ¥

]

1654, Unien Inbtsrn. 3cie Sicle, Sore 54, Fo. 16) and in the second
voluse of the "Jelailea Peport," ~. wsll &z dente on processin, of
o A e s potlioationg ef 4the “‘f’l*\m-v' u r*,'swi 7_t~"l~r i Llighed <nd oorte

norted to ug dy a panber of gseclzlizts g in wroeassing :

i-ese collectlcns, Loy £arve &~ A sunelmuent to the above dotes Sy

“hotter znim-ls at various deptns in

.

T Bt ey KSR W . ! . R PTOTPP o
N syoesnin, endhuz of the "Ohellen-er! (according to furway, 1007)

Depth inm Jumbar of Avars e muntor o“‘ﬂ“oc*rs vor stouien

acan dhan ygg 0 60,7
180X 40 A7,
D00 1800 . kX3 5.8
18002700 - 2% 19.7
27003600 32 1

' 2,3
3600 —4500 32 e
Nt gy W0 20 ! 6,1

3 .
1oania indoreatien s Abowae woneidls te obialn bellow

-2

g snesnrinins e

. JeraaticTod lodiesters o the chrure in the abunaonoe of of
v . o . . o " S
: nhe sevten foume with rososet W the dnererce of depthe  Zueh indient-
!
"' -
N ere Cor 1o werious grouns of botlon sniusls ere given in absclute vole-

L u~s ip Talle A7 cnd in seresuitlle sxorescicns in Table 7o A2 can be

recnect o erusiacrar Awshilpods, the rocently pubiished doie

re fon of the fuarbto lice )

2 i+ sheuld he borns in rind 4hat col stione both of "Gelatliea®

e o "Witie st neve beern up to this time only partirlly zre-

v .
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Table 7

Ohan,_,e of the rnlativa abundsnce of specic,s in verious ;roups of

bottom invertebrates with resvect io incroese in the dopth (in.

per cant of the total number of‘ specles of the rriven group)

i

Groups of bottom animsls -

5 _ e <
.. : F]
Hebitotion 1Hydroides | Actiniaria [Polychacts Ec:::o- -§. §, % E .
| by denths | . ¢ & | O | <
inm .. T 7 -
s _uad “ . l
Decper then | :
B w0 | 05 3.9 3,9 . 10,0 7.5 1 1.2 52 10,6
4000 0,4 2,7 2,7 14.7 501 04] 2004
5000 0,3 1,6 1,4 12,0 18104 0,4 103
6000 0,07 0,9 0,7 9.3 1,0 0 0,2 10,2
2000 0,07 0,7 0,5 go lo&| — | 0 jot
000 004 | 05 | 03 40 |04) — | — (0,08
9000 0 03 | 04 27 10 | — | — |oo
10000 — 0,2 0,02 1,3 — - - 10
On the averege
T foc
) 3 | § . pumber
§’ £ E-. Echincideal s | Coinotden | e | ciesain thez%
81 2|é&: , named grovp
o
" .
w8 |65 l95 53| 55 | 180 | 31 | 70 3,5
2,4 38139 2,3 1,8 9,1 2,0 42,1 2,0
20 |10} 4405 | 07 37 | oo | M2 | 09
1.4 0,51 0,4 0,3 0,2 1,7 0,3 29,0 0,5
06 |0 |o08]005] 04 1.4 0,3 26,0 0.3
0,2 - 0 0 0 0,8 0,3 26,0 0,2
0,06} — - — -— 0,3 0.2 18,4 0,07
o b =1- -] - 0,1 0 0 0,02
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PEEN

geen from the tebles, the number of spocies of a1l lar.e systematic

sroups (types, clasces, and in aeveral ceososs orders) of which we have

at our disposal corresponaing d-te, diminish re~ulerly end repialy oo

the dapth increases, but this impovorishment is exprsesed in voricus

de;rees for diiferent grounse Polycheote, Hblothurioidea, rind Aster-

oides ciw cheractorized by Li hect abuolute indicetors of the number

of sypocies at do:ths of more than 3000 n. Ophiursicen, erustacenn

Iscneds, , s2 urching, Actinirris, end Bryrozer ars #lso reprasented

br & consideraple nunber st these depths, : ‘ ]
Yeuover, at depthe exceeding the depth of the Yorld Ccean bed,

¢lenrly predominznt ebovo all other yroupa with resrext tﬁ etundznee

of ssacios are only Polycheets and erustasoan Amphipodss According

to the abundrnce of s»ecizs st these rroat dapths, Holothuroider. oc-

cupy the third plece mnd ers followed by Amphipod» and Pocnoplioree

And ©inr 13y, only individuel renresentetives of relatively few croups

of hottom enimnls descend te the maximui dsuths of ncesn trenches

(5000 = cnd more). N
éogonophora, which are brsically deep-sen animnlz, stand out

sharply eroni all bottem animr.la. . about 80 ver cent of species of FPo~

sonephor? inhébit danths excceding 3000, ~nd almocst 30 per cont inhnb-

it tha grea£cst drpths of ocwen irenches, exceading 60C0 n. Ué to

t+-is time gnly 21 per eent &f' Fro cnophors species have ﬁeen encounter-

T gageed, nradominantly these {rom manimun dopths (exceeding 6000

m)e. ‘The drta gsiven in Teble 6 ars therefors somewhat oxafp;ers ted,

shich perizine priwerily Yo dedthr from 2CCO to 60CC 1me

—24
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‘ad at depths of less then 1000 m. Among the remaining groups, Zchiure=-

idea, about 10 per cent of whose spécies inhabit depths exceeding
6000 m, are charecterized by the highest degree of deep-see occur#encss

Thoy are followed by Holothurioidea, ebout 2 per cent of whieh arc o~

‘countered below 6000 m, and by crustacean  Iso2ode (leh ger cent)e

0 .. , -
P e e S ]
, ,-‘“——--ﬁ—’ ” “ )
- e
e
2 Pl
5 d
“ é
ord
4§
85
&

-

I e

"2re e Decrease in the numbsr of snecies of some groups of
anrine bottom invertebrotes with resgect to thc increse in
devth { in per cent of the total number of species).

1) Hchiuroides; 2) Holéthurioidea; 3) Actinieric; 4) Amphivodaj

5) Summary dnte for 16 vericus groups of bottom invertebretes.
The'“erc t ge of specles penetratlnﬁ deptlis of more than 6000 m dees
not excesd one per cent for all the remaining groups of bottom animpls.
It is significaht thet representatives of all the four above mentioned

‘groups penetrate to msxtmum depths of the order of 10000 m.

Fizure 7 shows curves charecterizing the decrease of the number
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e

ol enzsies &5 the dotth dneresses Tor esrinin sroups of bottom inverti-
cerateg, and the cenitral curve for 1€ prouns, dite on vhich are siven
in Tablos & ene Jo A3 orn bo sesn frow bhils £Lours and freon iable 7,
the percemifieo ol Lavotraticn oi the hoitor fowuna to reet dozths s
for 21l of the zroupn -on *he aver-re small: only 2.5 per cent o all
gpecizg deacond to aplia excesdin: JOCC u, and only Q4% ner cont of
soacies sre fomd ot dapthe of mer: than S000 m in the deer=scs onsan
teomchone  Such louw nversve inaleniors sro siuipulated by ihe fren that
Crenas hevin tho losocrt cumber of s.ociecn (Amphipoda, Polye'netin,
Broosen, @ud lvdroiden; are eheracterizad by the lowest da,ree of oc-
currerce in the deep cen (on the avers e, lé% sor ceat of specias ic-
low 30C0 1w end 0405 par comt below 600C me The highest deyres of dear-

Srouna neving the smellest nmumbzr of specics

see cceurrcuce belonss te

shevn end weliurcidnn)e

0
l '
0
—

Tie obaorved reculnriiy expraaves the cheranctor of uho change in

the rluadenee 97 2nzeiss with resvect ho dosli in a2 wost [oneral uay.
4 detniled anmlinction off the verticel distributicn eof verious gysteri-

Y

etic ~raups of bottom invartsbreotes by diflerent leavels semite of

ciceoverin, sone cther jpeculleritiss.
M Ge Wine rrdeve /1%, 1M/ peint:s¢ out that the decreors witu

C2.tas ol thd number of siysecies of o given group draceods vsuslly ir-

'

rocc1lurlye  [hare ars zones of o faster snd slower docresse sic 2ven

I3

e o certain iucrscce in the nwaber ol avecisss Thus, Tor exenple,
the maoer of Coelenterste whichn occur at daptia of 290C--0CO & ond

more iz lercer that ot the superincumbent level of 2000~-250C e

s

LY 9%



A certain increese in the nunber of stecizs of a score of Coelentercte

creoups is observed slso at depths of 4000—--5000 m. Similer maximums
in the nrocess of iluctusticn of the total number of species at the
se~ levels are characteristic also for spones, Asteroides, Holotim=
rioidea, end a nusber of other :Jroups. Such maximu.s ere espacielly
clearly defined for certein snecifically deeﬁ-sea groups of & lower
toxonomic rank (;'encra, frrmiliecs, and sometimcs orders) Thus, on
the basis of analysis of the vertical distribution of Polothurio*aoa
of the Zlssipod- order in the Atlentic Oceen, Zman /50/ records an
inereece in *he number of species of this g:oup at devths of 200Q0~--
--3000 and 40C0~-5000 re Zenen cites vefy interesting data on the de~
< res of deep-sea oceurrcr.ce of‘this éroups 92 per cent of Ilnsipodn
speeics dwell telow 1000 m, end 80 ver centnbelow 2000 11« As Vino§;
oradeva f12/ points out, the depths where thé incresse in the number
of species is obsaervad correspond to zohes of the strﬁngsst chenge in
the fauns, 1. c., to zones where a large' humber of new deep-see §9S-
ciecs oF bottom invertobrates emerge and the species fixed to lessor
deuvths disappesar.
Surprarized in Teble 8 are the data on maximua depths of heblitee

tion of most of the lerger ;roups of bottom invertebratess As cen be

seen from ihis teble, ropresentziives ¢f o hupe mejority of mroups

3

nhaetit derths which wer: only until recently considered lifzless,.. ..

«Miils menbsrs of ten groups duell even at maxmmum de%ths of oceen
ironches, 2t 2000 m end mors. It 1s of interaet to note thet maxinum

[$3

donthe o habitctien for all g roups enuncrﬁtedad in Table 8 were es-
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* The ori_.inal

Table 8

Meximum denth of occurrence of rapresentative of vericua srouns

of botiom priimels

Zxpeditizn

PO it |

Pepth Deod-aea trumch
Group in
Foraminera. . . . . .| 9700 Kurile-Kamcihotika
Spongia . . . . . . . .| 861D "
Hy&oun e e o | 8210 Yapmpdek
Scyphoron . L 6860 | furile-Kauchatka |
Octocorsllia . . . . . .| 8690 "
Hexacorallia . . . . {0190 | ZPhilippines
Nematodes . . . . . . .| 45100 Germadek
Nemertini . . . . . . .| 760! Kurile-Xe:cintka
Priapuloidea . . . . . .| 7210 ]
?“{,"hm’gcw“ ... 1820 Iernrdek
chinroidea . . . .HMNO o s
Polvchaeta. . . . . . . {0100 .hi}lppines
Solenogastres . . . . . (850: Kurile~Kauichst ka
Loricata o . . . ., . . .| 5010 Ryu=-¥Fyu
Scaphopoda . . . . . . 65!30, Javan
Gastepoda . L. . . 0000 | Kurile-Ke:icaatka
EW?HF ot Octonada "gﬁgi Shilipsines
ephalopoda Octopoda . © Kutil e-Konche tia
Osiraccda . . . . . . .]s8n | Hemadek
Cirripedia . . . . . . o] 6960 | n
Isopcda PP I Yl Fhilippines
f
Amphipada . . . . . ST i
Tanaidiced . .« . . . . - 8240 ' Kermedek
Cumacea . « « - « o « o} $:BB  AYoantion
Decapeda . o . . o+ o | 5300 f‘.eh?'f‘“eg )
Pontopeda . . . . . . .| 6860 Kurile-ramcnetka
Bryozoa . . . . . . .« 58.',()i rermedek
. W e pd
Asferoiden . . . . . . o] TO8AY ’far"?}as
Ophivroidea . . . . . .| 7801 aleutison
Echinoidea .'. . . . . . 750 ! Jendn Jea
I Philiosine
Holothurioidea’. . . . . [10110 ¢ Prtlinoines
Crinvidea « . .« .« . o] 9735 Idzu-Lonin
Pegenophora . .+ - . . o1 0700 ¥yri JewKamchint ka
. i
Enteropneusta . . . . « | 8100
AsCidige o« « o <« o . o) 1210 L
Pisces . . . . % . | 7210 "

- 218

-———

indicrtions concernirg the findin; by

" Vi Ll nt l‘l
]

Rsalatheat
n‘.rit?;nr[' ﬂ.
n

Tonlathent
[ ]

WAL DEEAL
)

fGelnthen®
M

"
“ityeath
n

"Gelethca®
Hyisrazt?
Riel-+hea
myitme it
Tinlathoa®

i

n

)

1
Byityant®
fialathoal
AR TR
NGal=ther?
mY1 Ly g8

"

"Goletroal
f1

My e ant®
i
n
f
[}

the "Calathen™

of' Umnatoda ot 2 depih of 6620 n, of ULecopodr et 6960 m, ond of Asker-

*



tablished only during the recent years through work of the "Goletheal

end "Vityaz'? oxpeditions, which clearly illustrates the accomplish=
menis. of the last docade ia the field of deep-sce exploratiocns.

The data on verticel distribution of bottom enimels in the Kurile-
Kamchat¥a v~ Trench, which has been studied in grcater detail then any
other deep-sea trench, are given in the article by L. A. Zenkevich,

Ya. A. Birshteyn, and G. Y. Belyayev /27/. These authors made a come
perison of the relative content of the biomass in individual syatenat-
ic zroups in terms of percentage of the whole faunsa at various depths

in this *.ench (Fiz. 8)« It is evident from Figure & that the rela-

“tion 9 of the biomess of verious groups changes with resvect to

.depth (& sharp decrese in the importence of sporges at depths between
1000 and 2500 m, the predominent role of Holothurioidea at depths ex-
ceedinz 7000 m, etc.)s The mosti ﬁbmp‘t chenge of the perceuntile rela-
tionship of various groups (by weight) is set at levels of 1000-~2500,
around 5000, and between 7000~~8500 m. The examination of tho vertic-
21 distribution of the bottom feuna in the Kuril. -Kemchet: Tranch

from verious viewpoints permiited the authors €0 define several lovels

o1ced 8t (620 m /45/, utilized in the work of L. Ae Zenkevich, Ya. A.
Birshteyn, end G, Y. Belysyev /27/, proved to be erroneous, inasmuch
as articles devoted to prcoessing of materiel of the "Galathea® on

these groups indiezte the meximam depths of occurrence of Nematodse

“and of . Asteroidse as 4510--4570 m /80/ and 69%0--7000 n /64/, re=-

ssectively. The depth of occurrence of Decapode has been corracted.

eccording to a personal measege of Prof. A. Bruun.
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lotwithstanding the jmpossibility to offer a general cherzcteristics

of the composition end reographic distribution of the ultraabyssal
fauns on the besiz of meterials published up to *the present time, 2
summory of the availeble date is atill of a @ertain intercat, since it
permits of stressing the imvortent peculiarities of the population of
meximum oceen denthse

Tt has been shown in the precsdinc chapter that in the ultraabys-
5ol 7ons, 1. e, doeper than 60C0 m, almost ell groups of bottor ani-
mels, oxcopit Solenogestres, Loricets, Ostracod:, Brachiopode, and Bry-
onct., are sncountereds Data on systematie composition are vublished
cnly For-minifera /42/, Hydrozoe /62/, Actiniaria /48/, Cctocoral=
1:a /65/, Zchiurcidee /2k/, Polychania /38, 39, 40, 51, 59/, iysidecea
/11,

/35, 53y 54/, Orincidea- /55/, Asteroides /64/, Ophiuroidea Tehinoidea

/647, Holothurioidee /56, 6%/, Pezonophore /29/ 30/, and Pizees Ji/ .

Torrminiferaes Ze G, Shehedrina notes that the For-ninifern fsuna
Mis

2t depths of more than 2000 = in the Kurile-Kamchotka ;- .x.nch
charnctorized by o sharnly exvressed gingulerity of species content.®

cies wers found at these dedpths, out of uvhich * are

2
w
'J
M
Q

Altoretoer L
et also at lesrer depths.

Hydrozog. Three sneciocs are piven for the Kermadei Trench, ine
cluding twg new anecizs.

Actinioriae 3ix neu snccies from Philippine., Java , Band~ Sea,
avi¢ Kewandek Trenches are described, two out of which cre segraseted

into o neov genus and a nev family, and one into a new genud.
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Cctocerzllia,

hoen identilfied, ie

Ot of thone five o

Only one Urmhelluls corel, whoss shzeies hrs not
Imowm in “he Kermiadeo Tronehne

1

Five new snielos fng iwe new saeiv’ hoewve beon doe

ar the }mnle-f"v.cw ke L, Jlewtian, And Tosu-Touln T mehon,

N
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1
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Tive n2v oend e unidentified specics, i1nr tae Jurie

le-lmchrtka . Tranchy ond Pifteon avecies, drcludii boros nor ond
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. . L.
leenehies,

Icomwodas A nn

coceias, fov the Fhiliveine , Jeve ., Tonan Jer, ond

PPN ] E RPN Ao A SN .o e
2 only hotite: ultvreh el apecies, Aurlrerns wrimno,

ch Tharile-Xariciiv ka Tronchs

Coranae and soceles fnthropsurua nyselini hee bem

deseribad for the Fuertc 2ienrn Tremchy woalva nozelon, dneludine aine

des voeaias, Jor tins

ain me anscios sid

Fhilix inn Tanas Sary, gnd Xawroude Trenchesn
P td 3

-, P N <
onz new onhsueciea of e oy Storihoy ura dor

schrtka , Jrnen, cnd Aloation Treonenes (tho remcining

IS . .. ' . . PP Y
STINRoLure net ot hoeon nrecsnued .

" 4 a
FRCh e nii Y]

eut 6. Uhich hes ba

.
resvecants o now 8p

Y

scribad =¢ o gubsne

Tound previecusly ia

cara  Three zmioccles are lmoewm in the hermedok Troancl, one

en correcated Inte & azeelrl jenua Herpotonaie, one
ccics of the ;ormic Apsendes, znd one hos beesn de~
cies of the Meoteneic ogerratispinocus speeics,

thee northern Atlantic.
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Amphipode.. According to date of 3. Del!, quoted in Wolffls work,

in the tronches explored by the "Galathea" 1€ species of bottom
1etarnleswinrmers were discoverad, nine ouat wiich co not rise 2hove
€000 me  Four species are indicetad for the Fuerte Ricen uliranhrus,

but o of these are “ele :ice Cne of the twe bottom specles ic nev.

émphirode are nunierons and hoterogenuous in the trenches of the

noxruh -‘xrcst-' part of the Pacific Ccean, but their processing hos not
veot been completcd. Amons tne material processed up to this time not
only new s-ociz 8, but nevw gencre es well heve deen founde
Pentopodea.. ffwo snec:‘.es, I'E;-,'mphon femorele Fere in ithic Penie Ses
Treach .ud e -Jro“unaw.. Hilton in the Kur:.le-}(a-*chatka . Trcnch, are

lazovm at depths of mora than 6000 me The first species hac not been

encountirrad ot dodths of less then 4G40 u, #nc¢ ths second et denths of

Crincibdea.. Bathrerinus m.:‘strr-.lis (Clark)}, proviously found in the
intovetic ot a denth of 76950 ¢, is lméwn in %he Xermadck Trench. Re=-
vrasentstives of the same jonus, not identified a= to species, heve
beor. collect.d in the Furile-Kamch-tka Trench.

Asteroidea. Tvwo nev sp ceies have baen describad for the Xermade
Tranche In mc-v’cﬂon,v & véry widesvrend desp~see sooecles, fremicester

vicim.xs (Ludwi;;.), nas been discovered ‘n the Hermedek end Jeva
3

Tronchese

]

1  Judging by i adﬂen s /CL/ deseription, the gpocisa discovered in

the Zeriadec ond J'w"n 'frenc’.zes a" depths of 6620 and $950==7C00

m is & ‘typiezl L auicﬂster v1ci.nus (L\gﬂi”) However, iiadsen dew
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. .Ophiurcidea. One very widespreod specios, Ophiura loveni (Lymen)
iz moym in the Nemadec Trenche
Sehinciden. Only a single species, possibly identicel with the

wrevicusly lmowm curyhathic anecico fourtalasic sp.? aurerce Youler

v

in the Anterctic, hos been discovered in the Kermadek Trench.
Bolotmuricidee, !Holothurioidse of the uliraebysa sre representod

by o imrge mymber ol spacies. FPive in the Philippine Trench, ‘hree
9 v Sew hritain Tvrench, four in the Kermedek Trench, two in the
Zuerto ico Trench (not idemtified as to apecieg), Cf the 13 idenilf-
jnd ultre-dys ael species, five are new end are not found at depths of
1832 2n 6000 me Cut of thieae one srecles has been susrejnted into m
sveciel ~enua Hedelothmria.

Poronorhorrs Two rew genera and five stecios hsve deserited for

the ¥urile-Famchatka . Trench, and one ncu species for the Jnran

neh /30/. Only two of these six species heve been found et dunths

ccribes it under tho name of E. wecificus (Ladwig), considering

Ee ¥icinuz not to be on indevendent spceies, ond including it in
to the s'monyzy of Z. paeificus. Accordin; to dete of Go Mo Zo-
lyayev, who it processing deep-sea tateroides from the "Vityaz!®
cellection, they contain numserous representztives of beth arocles,
which héve a fully independent importence and which dif ‘er sub-

gtentially both morpholosically ond by their verticel distribu-

Lione Ze Docificus is lmown et depths of 1570 to 4080 m, while

3. vicinus is one of most deep-sea Asteroidea and is not en-

countered at d=pths of less than 000 me
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of less then 6000 m. Besides, fiye additional representatives of Po=

gonovhora, not yet idenﬁified but avparently belonging to new species,
heve been discovered in the Kurile-Kemchatk&  Trenche
A totel of 11 species, belonging to 7 genera, have been thus obe
sérved at depths exceeding 60C0 m. |
Teble 9
Totel number of deep-sea animal specieg of the ultreabyssal

zone the number of species endemic to it

Grour Total number Total mumber of Fer cent of
A ol species endemic species endemic species
. Ty o s

Fooainlfera . ... ..... 12 0 %
Hy.toz08 . . . ... ... . 3 2 68
Actiniarls . . . ... ... .. 8 6 100
Octocorallia . . . . . t ? ?
Fehluroidea. . . . . . . ... . ] 4 80
Polychseta . . . . . 21 8 ' 40
Mysidacea . . ... ... ... t 1 100
Tsnpoda. . . 0. .. 19 16 84
TIMMIQI * o a » a4 s I . 3 . 2 ‘7
Amphlpoda . . . . . C e i8 10 56
Pantopoda . . . ... .. .. . 2 0 0
Crinpidea . . . . . . ... e 4 0 0 ]
Asteroides . ... .......| 3 2 ]

! Qghiuroides. . . . .. .. .. ; 1 0 0
Holothurioidea . . . . .. ... 13 5 29
Pogonophora . . . . ... ... 1 .9 82
Pisces . ... 00 v v o v v { t 100

Total ' 124 7% 82

Pisces. Oo:;'?l)ractus (Pseudorlipnris) amblystomopsis Andre form the

:uri,le-Y\anchatk;_ Trench, segregeted into a spscial subgenus, may be

- gonsidered es th;_only species of‘ ultraabyasal bottomlf‘ishes. Another
fish of the genus Bassogiz~s was c’aught‘during_ sweeping in the Javen

Tranch at & depth of 7120 n, but ‘;here is no certainty that this fish
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i
! was ecenrht in ta woior colum et o lascer d:wth vhile raising the
{- trewl /47,
T erinr f6 judse abtoni 4 e indevandouc: o the uldrabhvenel
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.
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.-‘~J:-a\.\
' snec sn Whie ulireatyss net only of spuecien rixed te tt, tut of hi:iter

Cenern sed aven of rrmilisg, oo 1alle  Aon Asii-

bhenntianidng, nad tue o TRSID,

niaria o ney ulirobressl fomily, Gried
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coloiauriss woon ; Posoneduors, “an enert
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As Zemkevich, Birshteim, and Belyeyev /26, 27/ had assumed, and

gs it is now beins confirmed by factuzl material, the fixetion of most
saseies raking up this apecific ultraahyzczl fawne to any sin le ico-
loted ocean irench should be recarded as iis remericsble proserty.

Consequently, each trench is charceterized by an ultreabysssl fauna

erdanmic to it

T, for exmmple, each of the six ultraabyssal species of Actini-
ari in and cf %efine ultrzabysssl snecics of Isopede, collacted by tae "o~
lathea, has been detected only in one of the several irenches, The
cese of Holothurioidea and Polychaeta is somevhat differents OF the
Pive ne w ultrenbyscal speciaé of Holothurioides, one (Myriotrochus
brovnit har becn’f‘ounll in tvwo trencher; s the Philiprines end the low
npriteine  OF the three nou ziecies of Polyclseta, one (Ifaoollicephnla
hedelis) éceurred in ithe Kermedek, Bande 3Sea, and Philipnines Trenchese
The tvo named speciss represent in this respect an exception uC e
wrole moss of ultrashysoel epecies, and the fact thet they - were
found in twe trepclies very distant from each ,other ~nd gepparsted by
lar;s axtonts of the ocean bed only 000--5000 = deep needs additionnl
crolaactionss

The narrovw endenism of the smacificelly ultreabyssel spacies iq
é:ae‘nﬁli'fi.c-d pleo in the feunn of ocaan trenches in the wastern Pacific
Cceani, which were explored by tne Byityazts" However, this phenomenon

is “oomplicated by varicus dezrees of jsolation of tho explorsd

trenchose The Kuril e-Karche tka -, Japan, and .Izu~Bonin Trenches

ok

sreomnected by denths of the order of 6000 m, so that only

crs in
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their maximunm depthe ere isoleteds The Aleutien Trench is & isoleted
from other irenches by a subswential area of ihe occen bed, whoss usu-
oL depnths ancurnt Lo /T00--5000 1.

In conlomiace writh this, o muaber of ulirecabyssel sracing, norte

icu‘"rlg the Iseporda Shorthya ure witirol, 3t. chelate, St. hzreulee,
the Behiuroidenn Vitjoreme ultrenbysnselic, and the fish Coresroctus
b lrotononria, 2ra comion holh Yo ths Xuril e-Xamchutka | and tho
Jroora Tremeinsse The ultreobrosrl nels:ie Germacriden are olse dictirib-
nhad, withont ane, from the Kurile-Kanich-tka  Trench in tice novih
to he Jensn and oven to the Izm-Ronin Treneh in the south /10/.
&long vith! this, ¢ertain differences in the systematic locution
of ultirzzbyreznl spacics aro cbserved bhetwcen the cémplotoly itoleted
Dorile-Kanehrtslayn snd tho Aloutian Treonehas.  Thua, for exanple, the
gehiuroiden cems Vitinooma is ropresented in the Jurile -Haehcotka
Teonel by othe o aeicc Yo uliraebysceelis, and in the Aleutian Tranch by
Lite fasnios Ye aleouticr /?.1',/, tnd the Iscrodum “horthyssura tomlisnle
wig Ivem the Sleutien Trencel i rarresented in the Xurile-Hsmchatka

epeiy by a anceisl zubsnacics, sud noesibly o anceies, . comisclinii-

':

ee. fU/

Indicrtions exist esnccring the heterosenaity of nopulations obe

teinew form vrxirum derths of thie Kuril e-lamchrtka tnd Janan Tronchoo,

otrithaeandin: that they ere consected by a sut about 6000 1 daene

‘

Hunrosents Gives of e most deoor-gon (7:200.--."3.250 ) ssecies of

%

4.3

AR
Stori ymours sorme, 3. vitjazi, from the above noned trenches ere :ore-

Y N s

Jhelopsleclly Aifloreni, hiech wey be reparded ac the emor conca ol ine
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1tiel s’r.af‘es of d:w@. gence /8/.

Apar’c fom rebrcsenta tives ol ‘cho SR ecific ultreebyssal fama
which do not rise Lo dep ths of less than 500C-~-6000 m ené vhich ore

cher: cter:..u.d by e clearly expressad norrov md:-minm, a siznifficont

mmbor of v-\riouﬂly eurvbuthn.c gpeciesn, enccotmtc,rgd elso in chellewew

AR D

vertmat» Zones up to tha upver .,ublittoral, were detecred within the

linita of h,, lltrﬂa byceal zone.

1

‘Tne °olvchec a Ancistesyllic constricta Seuthern, lmown from the

Indisn bre cl':.sh-w.. Ler 1 ka Chilks tnd i‘rom the depth of 658C w in the

Par:idn Sea Tromc‘n, and ’l‘harv: zml‘rifilis, fov.nd at the some denth in

N

the grne trench end prﬂviou.-xly lmown nea?t the Califomm cnest et 8
de- *Lh of 1 ‘to 590 m, in the Pol‘""&n Gulf at ~*th 02 8==110 m, ond
neer ‘t’ne mecouvcr Islends at the denth of 70 1 /99/, ney be consider-
ed es at:mz.’mfr ﬂx&“ol s of extronio mxr:-jba‘c.him Ly cad of curvhiorthicity
in g;enaral.' The 1} :;droidv &@;laopheni& tenuissias Bele was founl in the
sy ..".:-f.’.ec Tyench ot & depth of 6560--672C m, and in the wnters of the
Groot Australion parrier Feaf ot the dapth of 207 1 /62/4 Tho Volo-
t’nurlr-wcmn "-"eﬂoi'.l‘uri'- ﬁxurr'?.*fi ’1“.\5@3; woe disecovored in the Bandn Sec
Trene ot dnntqa oft &4 riO-—-é)f)o n, end wes emeowntored in the Indoneaian
wityrs mno in u e 1-"16 £ic Deeon "“‘ demathes of 251};—‘,?«30 me The zeniuro-
Ldzon .f?.lo:-ac:a ,rﬁr-. nordereiliec: 4 tavlre dwolls ia the northewestern pert of

the Fe cli;c Gcean &% depths f‘i’c":‘, 520 to 7820 m /?!/ , the Isopodws Ilre-

A

el e "ntf**cti e ,anh. is Imown i’rom denths of 252 an. 7000 o /81/.

.‘. st

"’hf~ Po ono*aborv_‘.x ,,ino 11nu1 cqullyr‘il Ivanoy, found in the Kurils-

Tan

Zrriohs tKB_ Trz-.mch ot the depth of’ 8100 m, ls common in the Sco of
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Olthotsk at dentis from 23 to 3400 m /30/.

Even a larger number of specles aprears to be common te the low-
er lsvela of “hc bathyml, abyss, cad ultreadysse  Among the rFolychoeta
tiiv Lo Mecellicsphaln abys “icele Fouvel (L229--7290 my, eohiys Llo-
mellete Sliasen {4255--70C0 n), llince fusea loore ( 40677000 12),
Ilypharus bythinicole Chemberlin (3476--6740 m), Trevisie profundi

Cherbe (O75=-7290 m), cteej cnong the Isoveds, Storthynjura sulchra

[tnnzan) (1760-=652C m) end Biryeess rodifrons Hansen (2702--700C m);

among; Orinodden,. Pathyerinue custrnlis (Clzrk) (5650-=270C m)3 smong
Asteroidea, Sremicrster vicinus (Luduig) (5000--70CC n); aron; Ophiu-
roidea,Ophiur~ loveni {Lymen) (250C--6720 m)3 anon; Holothuricides,
Sapimwy neresi (Théal) (5292--7160 &), Scotoplanes gleoboot (Méol)
{55h==0720 m), Renthodyics sanguinolents méel {768--7290 n), Mphro-
nidor verrucosa Ludwiy {2/:04~~7200 n), Preudostichopus villesuy Théel

556-aT200 n), end Jerralectons trochydeme Clerk (3E8==AEEC 1) e

]

pt

A epecinl plece’in hie cericg is occupicd oy ine flolothurioidoun
Alpidie [lreinlicz (hfal). ery widesoreee in the Folrr Pasin oA
deptha frem 7C to 3800 - ond considcred usually ac a hi; L-arctic ope-
cies, it wos Yound In the . Atlantlc Cceon neor the shores ol llorocco
o :,dcpth‘of 2710-=2480 r oud scuth of Austrnlia ct 2 desin of

750 n, ~nd ig the roccnt years was cizcavered in the 3troit ol Keme-

sirule of a denth of LLCO m /5/, near Antarctice et & depth of

I3

298G m (s first "Ob'" exredition), and in lerge numbers in the
ultreebyss of neny trenchas (Murile-Kemchatka , Aleutien, Japen,

Yerands , Jave , end Bougeinville (Hew Britain)). Accordins to Hann-

ve

-



en /56/{ o special Sl}bSPGCieS,e&sily distinmuished from the typienl

subspecies f :a_::}d for the tretic end the no;th‘ern Atlentic, inhebits
onch of the three, latier trenches. The erergence of differcnt subsne-
cies of Te lﬁc_«lis in v"riouq trenches reminds of a siniler nrecess
comon to true ultr ebjss"l cons t‘tucrts, cnd ncmlts of mssuni; that
*1ac~~1i.= uere estnblxuh»d in various 'r.rnnchas 2 1on" time &

The schamicy proposed by Kirkegeord /59/ for ultmapya:nl Poly-
choetz, con be employed for ecological demarc'.\.tion of heterogenous
mombers gf the bottom monulatién of the ultrgab:,rscal ~once. This cuth-
or dist m;"uisheﬂ hree followin; ‘_rouns' 1) ﬁurybuvhic and eurvthemic
sveciss, 0 Vxn' pmbﬂblj a universal umtribu*n.on, ?) eur"b. thic end

:,nouemic svecies, havin; a wide dzsttibution, but livim' 2t a tem-
nereturs of 4°G, ,) stenobethic and stenothermic species, makin~ up the
trie ®hadal,? i. e., ultreabysszl, feuna.

The dvv-lonnent of uhe uroblem o*‘ the origin .oi“ ultreabyssal

Lea

feama is hinde red by the fact thet it bes not.been e?tnnsurcl_r atudied,
:nd  opinions exprosse d in this res nact represont msuf‘f’miontl" well
brsed . wo*“esgs. Emun_/lﬂ/ ascumes thot tug abyss and ultreabysc
have hoen ﬂonul“ted *e"*t:.velj racnntlv by nigre nts from the batuyel
and subl:.woral. On the baslu of invc'J vizjatlom of subfossilized eabys-
gl Forfﬂminif\erla,' _he admits the possibility of 2 consigercble drop in
the te.:.pc rturﬂ. of dee’o-se° woter durin; the greet glaciction, which

ceusod \.Lc eﬂctinc\.ion of all nre-quartomary £.bys sbl fauna, with the
excost on of‘ i s mbat eury"‘zemic Andivi dual renrcsentatives which are

¢

oreservec us to thi., tme in t‘ae xom of relics. Later on e nart of

T ¢l
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bathyal and to some extent of sublitioral speciec adrpted to 1ife in
the dopths of abyss and avenr of ultrcabyses The cold-loving inkebit-
svitn of the Arctic and thc Jntrreiic mirrated thus most sesily. TYimm

roints out the subzi-ntinl rambaer of wrimitive archoic soesios in tre

-

componition of bathyrl fmune (e. (., Letineria), and considers tie vre- )
aenee of sinilsr snecies in the abyse and uitrsabysn the rosuli of
Lhelir '~ooqd roeomicration Lo reater dediunge
Jolff exprosses cimiler vieuve with restect to ultrncbvaupl IS
fLocoan Isopodr. Ee esicblishes a2 closeness of most endaonic wltrne- c
gbysasal svecies uwith inhabitents of the ocean bed in ths vicinity ol
trenches podulated by thewr, which confims the possibilit; of thoir re-
.cent settling in the trenchos. Tho nmajority of crusteceen Isopods are
cobunlly related to Antaretic nnd Arctie snecies, which conforza to
Pmunts vicus exprecsasd iiwiedictely obove. |
These prosentations erc not cenfirasd by the aveileble neleocli-

0%'

matological date, sccordin~ to which no suffiicient bases exist Zor re-

s o

cornition of strony chrnzes in the temper-ture of deem-sen uoler ;1asncs
darine the quariernary veriod. Ieveriheless, the presonce ef reeont
ettlera at groat ocsan depths, which =2re in addition populated by

earlier deep-gca inhabitcents, couses no boubtas This clrcumstencre vias

K} [}

first notsd by A Pe.dndrivastov /1, 3/, who distinguished in tho con-

vrosition of doop=-sea fish fauns "aneieont or true desp~sen syecics,“ .

3

pe” Jninb %o lower philogenetic grouvs snd deeply specizlized for

conditions of life at daniis, and ’econdfr" dean-gea spiciss,® veally

feorentiatad ayshematically Pream the inhebitents of the continentel
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In this cese, the settlement cf thes ultrecbys:ial zone could have bee

sun only from the Tertinry neriod on. In hamwy - rith this i3 the

cloceness of meny uldrcotysael ¢-ectes, for excmple, of crusiccoesn

Isopods /8, 81/, tc abyssal ~ad p-riielly even to bathwal apeciesy
these gpecios did not succeed in si nificently diflerentirmting from
their mors shalleu-ws<er encestors. However, as has been indiceted
provioucly, the ultreabroccl zeae ic inhebited not only by z:=eizl

ey S e PP | “+ P N . . . . - 0 ¥ pbe e
sprcics cortion Lo it, but by suociel genmern tnd even Dmiliosc nco rolle

Too oriin cf these csscica of hijh tnilonermic rénls is endzwniic, since
wha ozribility of their wmorgmues durin; the bried neriod of eniste
anée o deep occon trenches iz highly doubiful.

Juentitetive Distribution of Deep—sce Bottom Foune

The develoment ol o gomeral nrasenintion of the quentit-tive dis-
tribution of livin: organisms in the ‘lorld Ocean is of a ;reet tneo=
reticel interest snd hes a substeniial vrocticrl importonce. Generale
izl seismez of digtribution of the pTowulation density in the Jorld
Oceen, merteining,. to be tpuo, primariiy to tha population ol the pel-
e ic mome, were proposed by Hentachel /58/, Ls Ae “enkevich /21/, end
Sverdrup /74/e According to these schemes, the rreatest density is ob-
cerved, on ona hend, in the near~"polar rogions of the oceans, cnd on
toe other, i.n; the immiedizte vicinity of mainland shores, within limits
of tiie continental shelfl

With respect to “m quen uuatlve abundance ond distribution of

bottonn faunc in the coestal shallows and.in the open perts of epicon-

tinantnl sses, we possess at this time rether considerable d-ta, ob-
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Aained for vafioua regions. Studied in greatest detail in this re-

"apect are the Danish waters, the Barenta, Karskoye, and Yhite Sees,-

certain regiona of our Far-unstern seas, the Bleck, Caspian, =and Aral

‘Seas, and the Sea of Azove A number of other regions, particulerly
' same par@s of the Mediterranean have been explored with lesser

" deteile

“Tho data on guantitotive distributlon of bottem foune at depths

of ebout 1600 m End more were up to recent times prectically absente

Only the expedition “Persey' of the Siote Oceanorraphic Institute col-

lected in 19751 two dreds;n, saaples from depths of 800 end 1C00 m in
the Grcenlﬂnd Sea west of the !edVezhiv Islend, nnd in 1947 +wo drodge
ing s.mples were taken in the acme re;ion ay deoths of 900 and 2000 m.
by the expcdition vessel "Knshalot? of the Pola£ varine Institute for
Pisherics ”nd Cceanovranhy. The biomess of benthos €t these dcfths |
souclled fron le3 to 2.0 r/m /°O/o

Sroad quanti.ativc exploraticns of the deep~scs botton fauna of
the ”orld Oceen uere made by the "Calathee! in 1950--1952, by the
Prityrzt® in 1940—--1O 5, end by the ‘Ob'" in 1956.

Jhe‘”ﬁ»lathea” expedition collected in verious regions 60 quent-

tevivs dreds ing semples from depths of 1000 to 6000 m, ~ud 5 scrples

from dapths axceedlng 6000 /76/. Tio samples, trlen in the Bande. Sea
by ihe 0.2 ﬁé qraB from dep thé'of 6580 and 7280»m, conteined 12 and 7
enn:~1 sﬂccl_ens, csnectchlf, waighing 2.) end 0.7 » vhich yields
for ouch u=wthr rﬂther hizh’ bionass indicators of 12. 5 ené 3.5 Q/h .

The samnlc .qken from the sreatost dapth (Philippines Trench,

- 23§-;"
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jndicators of biomz=ss éad of quantity, and‘on the svstanatic comnosi-
tion of botitom fauna in the Sea of Japan et depths of more then 1000 Ne
A map, showins the distribution ef the total biamess of buntnos in
the whele nree explorsd by the “Vityez' " has been comulled by a grovp'
of merbers of the Penthos Laborstory of the Inatituta of OcaanoEranhy
(Fig. 9) as 2 result of prncessing the m&terial collectled by the
“Vitvaz';' this map was publiaked in works" of Le A. Zenkevich /25/,‘“.

and of Le As 7enltevich and Je A lectova /28/ As canAbe seen from

Tt

i

Fig. 9. )uuntitetive dlﬂtrihution of bottom fauna in the Fare

Zastern sess end in the ad oimno pnrt of th~ Paclfic Ocean
: _(m/)/za/. | |
h1° map, tbe totul biomsss of bottcm fauna in the coestal parts of

W

the 3ea of Okhotsk snd 6f the Berlng Sea, and near the Paclfic shores

W
S n
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of the Kemchatlm, reachcs severtl hundred, ond in some locrtions ex-
ceeds 1000 g/h?. A3 one jjocs {arther from the §¢cbogrd and ns the
transition from subliitoral to builnml 4ales vlace, ihe bicnisss of
benthos diminiciies croduelly overswhers dovn to several teme ol gﬁnq.
At depths of 10C0--%0C0 n i the Pering Ses enc in the See of Clhotlslk,

the bioriesa of roniros &

ia

.erences Lo 10--20 g/nz, and in the 5eu of
" of . ‘
Javen aven to 1a3==7 ¢/m%, In tho eentrel pertc decp-geadwitid of all
a1 n, 14, IR . 4 ?— Y
three Far~instorn seos, Lhe blomnes frlle dom 4o 1 #/m%, #nd in sems
.. 2
vleces to Q.1-=C.2 7/m™. The only excepilon ure cortnin reglons @i
the western pan of the Zorin; Sea (w2st from the submarine ridre of
) .

shirshov), where thz bionass of benthos reaches 5 g/us and more, end
esbacially thet part of thislhﬂwﬁ,which adjoins the deep-gea amchetla
Styrite Here, ot a desth of nore thon 400 m, the biomess recches
an D . X ) . s
20 g/m=, wrich is apperently explained by the veculinrities of the
hydrolozic rerime in the regicn of the Kemchnatka Streit, which Tovor
the incraase in sroductivits of the botiom faune.

In the north-western part of the Frcifie Ocesn, o narrow strin
with & biomess of benthos exescding 10 5/m2 gstretchos alon; the shel-

lows horderinz the Xurilt izland arc, the eratern const of ile Knnchr b=

ke, end the Aleutien island are. In the direction of the open ocean,

[~

e}
w.

one moves away from the ceset, a graduel decrease of the blorrss

ias obscrved. In the riost remote regions of the explored part of ib

¢

ocean (south from 25° N. Let.), st desths of the order of 50C0 m, the
~ its
bottom fauna if quantitntively -extremely poor md biomess 4o expressed

. A 2
in terms of 100 mg/m*™ ond less,

— 238 =
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’ It is‘highly 1ﬁter§sting that at depths substantially greaieri\g:
,ihan‘those of the ocean~bed, in the Kurilo~Kanchatskaya end Aleutien |
(Trenches, the bioness of benthos is higher than at lessor dspthe of
émuch remoter open parts of the ocean. Thus, for example, Myityazt®
took in 1955 a dredging semple at & depth of 6938 & near the soukthern :
tip of Kemchatke in ihe Kurilo-Kemchatsksya Trench, which ylelded a i
Eiamass indicator of 3.42 gﬁmz. In the seme year, dredging samples
were teken ot two staticns in the Aleutian Trencﬁ, at deptha of G460 m

(across from the MNednyy Island) and 7286 m (across from the Attu Ie-

" land)e The biomsss of benthos at:ithese stations was 0.4 g/mztaﬁd

°~§5 z/m?.l The utilization of the trawlogzrsph during swespings of

the 'Viiya%f'“inxtho Kuril -Kemchet TTench‘permitted of meldng a
quantitati§é -omtinete of collections obialned at iurious depths, up
to the meximum /27/. These data (Tebla 11) also téstify about the

greater quéntitﬁtive atundance of bottom faune of the ultrasbyssal

1  Tho sample from 7286 m contained 20 specimens of smell Polychnete,
2 bivalves, 1 small crustecean of the Oumacea order end 1 tiny
Ophiureideum, weighing together only O.14 g, which corresponds to
a biomess of 0.56 g/mg. In addition, the semple disclosed 1 large
Echiurqideum weighinz 10.1 g« One mhould take,into.zcepunt, howe.
dver, that-such lerze orgsnisms’are collegtéd by grabs at greet

’ depths very infrequently. A mechanical accounting for the weizht
of such an orgenic: per square meter would therefore undoubtedly

a _
produce greatly exaggercted biomess indicator, incongruent with

reality., ) o ' y
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tronch rather then of tﬁe abyss of opon oceanic snaces.

“The soluticn for tne relatively hizh indicetors of bottom lfauma
Momesn fn the ultrzabyzz of {rencnsz zhould be apjerently eought in
the closcness ol i“renchcs 4o shores exnd in the sbundrnt drift of or-
génio"matter in the dirsction of their deptha.

Tahle 11
"Chenre in totul bienrss of bnthos in the Kuril e-Kemohatka
Sroneh witn regsveet to inererse of depth, acecording to data
of sweeniny neuls
Depth inm - . , Zioness in g/ha' - ,Numbor of -woch-
M Ran.e of fluctucticns Avera; e . V4n- hauls

(4

950 - 4670 3,45—14 .88 8,9 Y
707230 0,68—2,47 T 4
83309950 0,050,013 0,32 4

1

It i3 necessary Lo noi~ %hai ihe blowecsy indicttors obtainad se-
cordéing: to sweeding hanls as woll az eccording to drediing swwrlee Zor
rost do>the should be considured suomovhiat reduccd, sinco tne trotl
ails o casch the smellest renrosentoiivas of the decp-sen boniiog,

virile Lh> oreb, wilh rore exe-utlens, deos ach sclno large crmduois,

1,

bacouns bhrir eslondes cnughl racd datliogrrary widaly diaorande In

cedhdition, one siieuld beryr in miad taet ro mell ods parmibting o golreg-

ation o wwmiyr sixells of Foraminilera [ron live sieelaons in the zuinle,

end 2ccotmibing ior tie biomnss of the letier, whose role in the total
3 . .

bicsr of deape-sas benthos i3 undoubledly very aionilleent, hro es

0y

yet beoen daveloreds .

intorctic ex»

ikt
o
O
.,
%)

¢ition of the Academy cf Scienc:s of the U.S.
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e

Se Re on the "OUL'® made in 1956 doer=sca drodzing collecticns in the
rmtors of the Anterctic fromihe Davis Ses to .Pelleny Islends scuth

. e . S L. .
of &4 S. Lote {21 semples from dmn ha of 1000~-%200 2 and in various

:

re;icns of the Indien Ocson (9 3??11Q Srem Gonths of L0CCa=i00 o

is Ge P Bolyayev end Fo Ve Ushakov /7/ point out, indicoters of

o~

biomaug'of Lvnthoa Pluctuste in the ‘nterctic waters ot domthe of

. _” ) . e L ~ . 2 . )
10GC-3500 o fros 03k to 2.8 z/n%, ond erount on the averc e to 1l

'r\ Ead < ". ;3

~.> ) L .. .
oA, which e "nvhral times a8, . zmrll o3 the indicators i«
denths in verious other rcgicns, perticulerly in the Fare-ostorn

gimiler 4 ,hs near the wostern shorzs of ﬁ*u"torial Africo,

but enly inoonsidefablc emallor than biomssa velues sharectaristic of

Sc¥relk /70/ point: out that the value of tio biomess of bonthos

ot moximum oceen d~3vh3 may te take as beins in the vieiniiy of

4 “eonmarisen of drta ccarmilazied up %o this time vermits of qﬁproach~

ine %he estimate of 4he quantitstive abundrnce of the boitom Paune of

acren deuths in o mora differentinted monner.

The meo% ... . genersl reoulerity, woleh first of all dstermines

+ie quontitotive distributicn of the bottom frune from the coccie

littorel zZone to‘thé de*pest onrts of the ocesn, ic the ducres

1 )
)
v

total biomess o benul vith res pect to ir”“'vqa in the douth.

{regater oceen dﬂﬁths enother fooctor comes into nley, le 2., ths romolo-

ness from continnnual shoros. Still in 1897 iurray /67/ noticed

L

r*at hmpov engo of “the romoteness of a given pert of the soe flo

.

fron th shorns, which dstermines thé”auppiy of the bottom fruna

it

the

oY

vith

wutritive matcrials of & ierrﬂ"trwel or corstal origine In t  sub=

o

L4



sequent yeers other aﬁthora /2%, 49, 52/ expressed similer views in
various ways, while at the present time they ara fully conti viod hy
concret: drta of quentitstive exploreticns of the deep-~sce hoticn
faume

The vast waisr erce of tho Paciiic Oceon, the roamoteness from
continents, & substential distribution of red cleys which posseasr
2 i h rediosctivity, ard o reletively small river dischorze (lerge

Asichic rivers cre separated from ine ocenn by island srce) ofler a

o
¢

g for assuption that Lhe bottom population o:

Faeific Ocean will nrove to bc quantitstivsly poorer ren in the Ate

[

3

lantic Ocean. On tho other nand, we can éxpect precisely in the Fa-
eiricOceen the occurrence of zreatest ebundence of 1lifle in noximm
sccan desths, incsmuch as the madoriiy of desp-sen ioenches, attunted
in the irmediste vicinity orf continents and island erca, er: loc: tad
herea.

4a could hevo been observasd, %iie dnta on qurlitotive cid guontie
tHve distribution of ihe boitom foume of Lae oceen b=d «d of desd-
ses ocarn troncies are s+ill very micuor. However, their vnlue is In-
dizputehle not oaly with rosvect to chrrrcteristics of faunn of o rue

als
end vary poculicr orsa of ihc biosvhere, but with rectect to chrrreters

iaties o the 1dwa coxuletion of reions of _reat doving, wder houn
)

fucdints Teontrol" Lo accumulation o flor denosiic telinz nlocu.

Toth according Lo its zistasaiie compodticn ond according te 1lts hle=

ceochmicel cud umatitctive indiertora, this faune ..o bo en lmpert~

-g28 denosnitz, Sor which we have still no re=
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