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Рг0Ые 111 s of identifying subпia t· i п e регшаfгоst iп t he Ка га Sea slielt· fr·oш se i sшi c-aco t1 st i c data а ге con 
s id eгed. Sei s 111ic -acoн stic шa гke r·s iпdi cate the ргеsеп се of pe г!ll a frost in t l1e sot1tl1easteгп Кага Sca and i п tl1e 
Уашаl shell' to deptl1s of 120 lll. Additioпa ll y, aco trstic репп а fгоst (APF) rп агkегs аге iпfсггеd n саг t ile Sеvег
пауа Zemlya \\' i th iп local seaflooг hig l1 s s uггouпded " ' it\1 100- 120-!ll i s0Ьat l1 . Tl1e exi steпce of peгmafrost at 
gгeater sea depths is 1110st likely ап exceptioп а пd !llay Ье clue to пeotecto пic sнbs id eпce. Th e pe гmafгost exteп t 
iп t l1e Кага Sea l1as Ьееп mapped \vit l1 GIS tool s апd t l1 e гespecti ve data Ьase оп its settiпg l1 as Ьееп developed. 
Tl1e s нblll a гiп c pe rlll afгost tаЫе lies at 5- 60 ш belo\V t l1 e sea flooг. Accoгding to statistical pr·ocess ing of tl1 e 
co ll ected se i s llli c-acoн stic da ta, t l1e sнbЬottom clept l1 to pe г111 afгost is !llOSt ofteп (47 %) in t l1 c га пgс 10-20 111 . 
Gas seeps s [10,v i пg trp as noise in se i sшi c-aco u st i c \vave fi elds a re l1 ypotl1esized to l1 ave а geп et i c 1·e l atioпs l1ip 
\vit\1 s ublllaг i п e perrnafгost. 

INTRODUCTION 

Subшaгine peгmafгost is гетnапt teпestгial peг
mafгost tl1at foгmed d LLгiпg t imes ot· sealevel lovvstaпd 
of th e Last Glacial (20- 18 kуг ВР) and vvas flood ed 
dL11· iпg th e last t ra пsgгession (16- 5 kу г ВР) . The 
flood ed peгmafгost has tha\ved froш above апd fгот 
belovv, апd paгtly sa li11e гocks Ьесап1 е cooled. Th LI S 

s L1 bmaгiпe perma fгost lыs acqнiгed its р геsенt state. 
T l1e extent алd st гuctшe of sL1bmar i п e р епла

fгоst at t he Кага sJ1 elf 1· етаiн u п d e гexp l oгed. Tl1e 
таiп id eas аге based оп п еаг-slюге eпg iп ee гiпg-geo
logica l dгilling data [ Rokos et al" 2001; Rolиs and 
Tamsov, 2007]. 

AltlюLLgh tЬ еге l1 ave Ьеен seveгa l puЬlicatioп s 
оп t l1 e subj ect, tЬ е li mi ts and dept l1 s of s ubmaгiп e 
репл аfгоst l1ave поt been гeliaЬl y coп stгai п еd Jог tЬе 
lack of explicit geologica] ev i d eп ce [Melnikov апс/ 
Spesivtsev, 1995 ]. Fо г this геаsоп , t l1 e pemiafiost ех
tе п t has been most often mapped ргосееd iнg fго 111 
ех рег t appгaisal ,,,\1il e t l1e latter is appli cable to small 
sca le maps 011ly [Ro/щs et al" 2001; Rol~os, Tamsov, 
2007]. 

METHODS 

HigЬ-гesolLJ t i o п se i sшic -acoнst i c 111 et l10ds аге 
co m111 only used fо г cгoss \velJ со гге l аt i о п \v]1е п ex
pJ icit gco logical e vid eп cc is i пsнffic i eп t. ТЬе today's 
advaп ced data acqL1i sit io11 апd pгocessil1g tecЬn i qL1 es 
allovv LLsing seism ic 1·ecoгds as а п i 11d epeпd cп t sошсе 
of geolog ica l i лfo 1· m atioл . V/i tЬ t he se ismic fac ies 

aпalysis , t l1 e seismic \vavefield са п image tl1 e gгош1d 
stгLJ ctuгe to dept l1s 60- 70 m, i11clL1 d i п g peгmafгost 
[Shlezing·eт, 1998; Rokos et al" 2001; Rokos and Taтa
sov, 2007]. А seismi c-aco Ltst ic sectioп is iп th c fiгst 
appгoximatio п eqL1i\1alent to а geologic cгoss sectioп , 
t he гesolvabl e se i sшic seq L1e11 ces а пd sнbseqLJ e п ces 
beiлg co ггe l ated 'Nith geo logic (st ratigгapbl c) L1 11its, 
sucl1 as stгata, ui tes, hoгizoп s, etc. Uлdi stнгbed pat
teгнs of stгat i fi ed sediшeпts iп а seismi c sectioп iпc!i 
cate the а Ьsс п се ot· SLJ Ьтагi п е peгm afгost (Fig. 1, А) . 

Атопg facto гs t liat са п d i stшb tЬе seismic iп1 -
age iп а g i ve п геg iоп tЬ еге а ге иуоgепiс апd post
c гyogeni c effects iл sedim eпts, as ,,,e1J as st гu c
t uгes associated \vit l1 fгее gas. Joiпt ly t l1ey сап pro
dL1ce iп tг icate patteгns difficul t fо г iлteгpгetat i o п 
(Fig. 1, В) . 

As it '''as slюwп fог t l1 e s l1 el Yes of th e Рес h о га 
апd Laptev Seas [ Rekant et al" 2009] , sнЬтагiп с peг
mafгost iп а se is111i c sectioп is d etectaЫe fгот higl1 -
ampli t L1 cle гef] ect i oпs \vblcl1 а гс se i sшic-aco u st i c 
тагkегs of d i st iп ct post -d epos i t ioпa l cl1 aгacteгist i cs 
(Fi g. 1, В) . Tl1 c p eгmafгost tаЫ е commoпly сог гс
sро пd s to а ргоп1iп е п t гe fl ectoг of 110гшаJ pola1·ity 
ca L1 sed Ьу ab 1·L1 pt aco Ltst ic vc locity гi se iп r·гоzеп 
gгo llл cl . 

ТЬе р геsс п се in the sedim e п ts of jнst li tt]c fгсе 
gas pгodL1 ces se ismic iл tегfеге п се eYident as bг i g l1t 
spots ог Ye rtica l bla пkiпg zo п es (Fig. 1, В). These gas 
st ГL1 ctшes а гс calJed gas seeps (GS) алd а ге l1ypoth
esized to liave а parageнetic re l at i oпsblp \Vit ]1 sllbma
riп e peгmafгost [ Rolиs et al" 2001; Rokos and Taгasov, 
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Fig. 1. Fragments of seismic-acoнstic profiles in the Kara Sea: 
А - а typi cal se ismi c image of а secLio 11 fгсс fго111 S L1b111aгiп e pc1·nia f'1·ost; 13 - а ty pi cal seis111ic iп1 agc ot· а геаs \v it]1 SL1bma гi11 e 
репл аf.гоst. 1 - sites of с гуоgепi с sed im eп t defo гпiat i oп аЬо\•е pc rniaf.гost ; 2 - gas seeps t l1 at s lю\v up as ve1·tica l dead zo п es. 

2007] , specifically, to Ье contгol led Ьу taliks [ Rokos et 
al., 2001; Relиnt et al. , 2009]. 

The se i sшic-acoнst ic гesul ts аgгее ;vell ,~r ith гe
gional dгilling data. Most of sho1·eface апd inпег shclf 
logs fгот t he \.vesteгn Уат а l ( e.g., пеаг Саре Кlia-
1·asavey) sho\v fasteг dip of the реплаfгоst tаЫе ( 40 111 

ог тоге) iп а stгaпd betweeп t l1e s l10гelin e an.d the 
-5- 7-111 sea dept ll . А sim il ar patte гn арреагs f"гom 
seism ic-aco LLstic data (Fig. 2). 
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RESULTS 

Pгocessiпg of" тоге than 100,000 km of se i sшic
acoustic pгobles iп total l1 as гevea l ed seve гa l zoпes of 
рго111i11 е п t maгkeгs of acoLLstica lly det"ined реплаfгоst 
(APF), as ;vell as zoпes vv herc SL1 cl1 maгkers аге роог
l у ргопоLшсеd Ьнt аге iпfeпed (Fig. 3). Tl1 e APl:; 
111aгk e rs аге шost ге liаЬ!у cl etectaЫ e witbln а Ьгоаd 
stгaпd iп t l1 e southerп Кага Sea алd iп t l1e westeгп 
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Acoustic Permafrost ТаЫе 

Fig. 2. Processed seismic-acoнstic data and drilling resн lts from Саре Kharasavei, compared. 
А - l ocat i oп niap of seismic-acoLJstic а пd clгilli11g pгofiles; В - dгilliпg pгof'i l c I- 11 [Melnilгov anrl Spesi11/sev, 1995\ ; 1 - sa 11d; 2 - silL; 
З - pel itic silt; 4 - с/ау; 5 - pcrmafгos t tаЫе; С - positioп ot· tl1e s ulJ1шнi пе pc1·niafiost tаЫс aloпg p1·of'il c 111 - lV: а f1·agmeпt of а 
30 model cle1·i ved fгоп1 scismi c-acoLJstic data. 
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Fig. 3. Мар of submarine permafrost in the Kara Sea 
based оп seismic-acoustic data. 

Yama] shelf. Th e extent of submaгiп e perшafrost is 
coпtгo ll ed mainl y Ьу t he prese nt sea dept\1 . TJ1e 
gгeatest ннmЬеr of perшafrost markeгs falls vvitl1iн 
the deptl1 raпge 100-120 m. 

Perшafrost is almost abseпt fгom sea depths be
lovv 120 m, except fог а fevv агеаs of steady neotec
toпic s11 bsideпce. 

Of special inteгest аге zones of gas seeps. As онг 
data slюvv, tl1ey occttr most often witl1iл reliaЬly de
tected ог iнfeпed permafrost zoнes. Tl1is is implicit 
evideпce of theiг geпeti c liнkage . Gas seeps may oгig
iпate fгom zones of а deeply bшi ed peгmafгost tаЫе 
at the accotшt of gas гeleased dшiнg peгmafгost deg
гadatioн. 

The perшafrost tаЫе is fгom 5 to 60 ш below t l1e 
sea floor. Accшding to statistical pгocessiнg of t he 
data, t he sнbbottoш deptЬs to peпn afгo st s\10\.v а 
неагlу logпoгmal distгib11tioп, at least iп t he so LttЬ
'vesteгп pat·t of tЬ е Кага Sea a11d i11 tЬе Yamal sl1elf, 
beiпg шost ofteн ( 47 %) iн t he range 10- 20 ш. Statis
tical relatioл s]1ips betvveeл t J1e peлnafгost tаЫе анd 
sea deptЬs sЬow diгect coпelatioн онlу \vЬен tl1e wa
teг is dеерег tЬан 40 ш. Tl1e reaso11 шау Ье iн rapid 
sealevel гise fгom tЬat deptl1 ( 40 ш) to t l1e ргеsелt 
leve1. 
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CONCLUSIONS 

Acoustic markeгs of sнЬmагiл е peгmafгost are 
reliaЬly detectaЫe in tЬ е soнtheasteш Кага Sea анd 
iн t he Уашаl shelf to vvater depth of 120 ш. Tl1ere are 
also iнfeгred APF maгkeгs неаг Severнaya Zemlya 
\vithi11 loca l seaflo or highs нested in агеаs of 100-
120-ш isobaths. The existeнce of peпnafrost at gгеаt
ег sea depths is most likely ан exceptioн анd шау Ье 
dне to пeotectonic s11 bsidence. 

The peгmafгost tаЫе is fгот 5 to 60 m belovv t l1e 
sea f1oor. The sllbbottom depths to peпnafгost shovv а 
lognoгшal distгiblltioн анd а ге most ofteн vvitl1iн 
10- 20 П1 . 

Statistical relatioпsЬips betweeн t l1e permafrost 
tаЫе апd sea depths shovv diгect coпe l at i on онlу 
vvheп the \vateг is но shallower tЬав 40 ш. Tl1e геаsон 
шау Ье iн гapid sealevel гi se fгom t he depth of 40 ш to 
the ргеsенt level. 

Th e peпnafrost extent in the Kara Sea lыs Ьеен 
шарреd vvith GIS tools :.шd the гespective database 
он its coнditi oнs has Ьеен developed. 

Тl1 е ге is apparent ly а paragenetic re l at ioнsЬip 
betweeн gas seeps анd sнbmariнe permafrost, and tJ1e 
markeгs of gas seeps may additioнally indicate deeply 
bшied s11 bmaгin e peгmafгost. 
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