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T l1e specificity of seismic souпdings iп fгozen gгound is defined Ьу the featuгes of t l1 e pe rmafrost- гe lated 
wavefield . Accoгdi ng to yeaгs -l ong expeгience of t l1 e au t l10гs, shear-1vave surveys 1vith t l1e use of t he SH phase 
аге an effi c i e п t tool to stucly uпfгozen layers (taliks) above peгmafrost and t l1 e subsшface stгuctшe . Join t use of 
compressional and s hea г velocity data is 1vо гkаЬ!е in estimati ng the state апd pгope гt i es of fгоzеп gгotmd . 

INTRODUCТION 

Th e permafrost-related seismic >vavefield, espe
cialJy t hat of soft sediments, has а пumber of specific 
features. They resнlt fгom t he seismic and li thological 
h ete гogene i ty of t he sect ion and its vaгi atioпs in 
space апd t ime associated with seasoпal tempeгatuгe 
clыnge and otl1eг factors. The vvave patterns may Ьеаг 
pгomiп ent гetl ection contгasts and velocity гeveгsa l s . 
Мапу sectioп s co mpгise а sha1l o1v-ly i пg t l1i п layer 
vvitЬ Ьigh se ismi c ve locit ies. Su ch l ayeгs may Ье sea
soпally fгоzеп gгoнnd, frozen соагsе soil , ог pavement 
(concrete о г aspl1alt) vvi tmл шЬаn or iпdнstгia l а геаs. 
These l ayeгs pгoduce 1relocity гeveгsa ls in the seismic 
sectioп [ Skv01tsov, 2005] апd санsе tЬ е гespect i ve dгa
matic changes to tЬе SH (l10гizoп ta ll y po l a гi zed) 
sl1ear-wave field. Tl1e geocгyo logi cal seismic sectioпs 
of tЬ is kind [Skv01tsov, 1997] геqнiге special acquisi
tion metlюd s. T l1e awareness of tl1e peгmafгost speci
ficity can make basis fог t he арргоргiаtе choice of 
techпiqнes апd is а preгeqнisite of tЬе i г effici eпcy. 

Seismic suгveys in peгmafгost ha1re тапу obj ec
tives [Melnikov et а!. , 2010] t l1at belong to tЬree maiп 
gго нрs: (i) estimat i пg t he depth to tЬе peпn afгost 
tаЫ е , (ii) imagiпg t he sect i oп stгн cture , апd (iii) 
study i пg t l1e state and pгope гti es of fгоzе п gгонпd . 

ESТIMAТING ТНЕ DEPTH 
ТО ТНЕ PERMAFROST TABLE 

Tl1e depth to t l1e peпnafгost tаЫ е is estimated iп 
t l1e cou rse of co11toшi11g natшal авd maв-caнsed lay
e гs of нnfгоzеп gгouпd (ta liks) апd measшi ng tЬеiг 
t l1i ckпess, wl1icЬ тау Ье teпs of шеtегs . 

Tl1 e proЬlem is sL1 ccessfi.1 ll y геsо ] ved wit l1 re fгac 
t ion suптeys commoн ly нsed iв sЬ a llow scismic expJo
гatioп in laпd сопd i tioп of а 11or111al seismic sect i o п 
[Skv01~tso v, 1997]. Ho1ve\leг, P-1~rave гefгaction shoot 
iпg is роогlу appli caЫe to permafгost sect i oпs because 

some laye rs may гemain нпгeso l ved [Tsaгev et al., 
20 10] . ТЬе missed layeгs , ofteп а zопе of full hydгau
li c satuгation , iл tгоdнсе laгge епогs ( up to 40 % ог 
тоге ) to tЬе estimates of ta li k thi ckл ess (Fig. 1, а). 
Higheг гeso lн tioп in t ms case сап Ье acme\led vvit l1 
SH гefractioнs [Ponomareva and Skvoгtsov, 2006]. 

А stШ betteг al teшati1re is to нsе а speciaJ t ech
пi q ue of l1i g h - гes o l L1tioп sh ea r-wa\le 1· efl ect ion 
(SWR) p1·ofiliпg >vit h SH phases des i gп ed at t he Iп
stitL1te of EaitЬ' s Cгyosph ere (Тунmен). T l1 e phe
пomenological backgгound of t he нevv metlюd coп
sists iп dгamati c chaпges of t he SH \vavefield iн cases 
of velocity reve rsaJ [Skvoтtso v, 2005]. Tlшs th e re
spect ive гefl ecti oпs fгum sl1allo>1r (fevv шеtе гs) iп te г
faces Ьесоте гесогdаЫе at сегtа iп fa11oraЬle coпdi
t ions [ Snegiтev et al., 2003]. 

See Fig. 1 for so me exaшp l es of гe fi·act i on а пd 
SWR data L1sed to predict t he geometгy апd t hi ckп ess 
of man-caнsed опshоге ta li ks. 

Stнdying inпer-she lf taliks (sl1allo\\' wateг, t idal 
zоп е ) has gained еvе г тоге i mpo rtaпce late ly vvit l1 
t he de11 elop111eл t of t he Aгctic shelf, Ьн t th eгe 'Nеге по 
арргорг iаtе acqL1is it io11 methods t ill гесепt l у. 

Researc l1 iп tЬi s liнe l1 as Ьее п гнп at t l1 e Iп st i 
t ute of ЕагtЬ ' s C 1·yosph eгe s iнce 2006 [Skvortsov et 
al. , 2007а, Ь; Sadurtclinov et а!. , 2009] . Tl1e s l1elf sec
t ion was fouнd онt to bear а t Ьi ck L1пdeгsatuгated 
l ауег belO\\' t he gI"Oнnd suгface in vv hich 1vateг satu ra
t ioп of гoc k.s is imped ed Ьу епtга рреd а iг. Tl1 e lауег 
t l1iclшess is Ьig l1l y vaг i aЬl e апd сап геасh 2 m ог 
пюге. P-1~rave sшveys аге of.teп i пappl icaЫ e iн tl1i s 
case as tЬ еу сап pro\lide ассерtаЫ е гesolн t i o п on ly 
oll ts id e t he t id al zоп е . As t l1e availaЬle expe гience 
slюws, t he P-vvave method has t he same limitati ons 
a lso iп lakes апd г i \leгs 1~1it l1iл or outside the peпn.a
frost zone. 

Оп tЬе otl1eг l1 and , SH suг\leys аге vvorkaЫe in 
estimatiнg t l1e d eptЬ to tЬе peгmafгost tаЫе und eг 
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Fig. 1. Examples of contouring man-caused unfrozen layers with the use of refracted (а) and reflected ( Ь) 
SHwaves. 
а: Мiгпуi ; Ь: Noгilsk ; I-I р апd I-I5н аге cl eptЬ s to реплаfгоst sшface estimated \vitli coшpгess i oпal ( Р) а пd sl1 ea г (5) waves, гespcc
t ive ly; Vp ап d V5н аге colllpгess i o пal апd sЬеаг (SI-I) \Vave ve locities, гespect i ve l y. 
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Fig. 2. Examples of contouring unfrozen layers in inner shelf with the use of refracted (а) and reflected ( Ь) 
SHwaves. 
а: Yalllal, Саре Kameпnyi ; Ь: Рес!юга n10L1 tl1, Eolvansky site; V0 is Sf-1 velocity iп ш1fгozen lауе г ; Vg.- is iп te гface SI-I velocity at ре г
шаf'гоst sшface. 

shalJow vvater. Shallo\v iнterfaces аге гeso lvaЬle with 
гefгacted waves (Fig. 2, а) , but dеерег ta liks аге bet
teг гesolved witl1 SHгeЛectioпs (Fig. 2, Ь). 

Special metlюds a11d techнology of bot tom s 11г 
veys 11а,1е Ьееп de \тe l oped addi t ionally fог offslюre 
sшvey. 

IMAGING 
ТНЕ PERMAFROST SECTION 

When soundiпg fгozen gгound , one lыs to Ьеаг iн 
miпd t l1e specificity of its sei sшic sectioн, нашеl у, tl1e 
ргеsенсе of выну pгomiпent inteгfaces апd velocity 
гeveгsals, inclнdiпg those пеаг the perшafrost sшface . 
111 tl1ese co11ditio11s, гefгaction shootiпg is ofteл diffi
cult ог impossiЬle, апd гeflect ioн sшveys Ьесоте а 
better choice [Malkova et а!., 2008; Skvo1tsov et al., 
1992, 2009], especially, SH геЛесtiонs. Tl1e abseпse of 
coпveгted vvaves make t l1 e SH vvave fi e ld siшpleг to 
pгovide шше геliаЫе se isшic data [ Skvo1-tsov, 2001] . 

Summeг acquisition iн fгоzен gro1шd faces diffi
cнl ties associated vvitl1 th e active layer, especially if 
t l1e thaw depth is шнltiple of the waveleнgth. 111 t l1e 
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Fig. 3. А high-resolution SWR cross section near а 
kimberlite pipe in Yakutia. 
1 - а гe tl ect i o п fго111 jL1гass i c clay sшface at deptl1 abollt 55 lll ; 
2 - Oгdov i ciaл lilll estoпe sшface at а deptli of 80-90 111 \11it l1 а 
! оса! lo\v \Vmcl1 1п ау Ье а tгар fог рlасе г d ialll o пd . 
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l a tteг case, t l1e \Va\refield Ьеагs iлte п se геvегЬегаtiол 
mL1 lti-cycl e \vaves [ Slгvoitsov, 2002] , апd гe fl ect i oлs 
fгот seismi c i пte rfaces >v i truл permafгost become ill 
гesolvaЬle. At shallow thaw depths, re flectioп s аге ге 
согdаЫе if t l1e sошсе is placed on tЬе peпnafгost S LIГ
face [ Skvortsov et al., 1992]. Fог tbls геаsоп , it is рI"еf
е га Ь! е to image the stгuctL1гe of fгоz еп gго uп с\ in 
>v iпteг seasons to avoid thaw effec ts. Betteг гes L1 l ts 
аге obtai11ed if 1авd m easuremeпts \vit l1 t he SWR 
metЬod а ге cl1ecked agai пst dovvпЬo l e veгt i cal se is
mi c profi ling (VSP) \vЬ еге possiЬle . 

Figн re 3 preseвts ап exam ple реппаfгоst sectio п 
to а deptl1 of 100 m co llected wi tЬ SWR pгofiliпg 
апd checked agaiнst VSP data l SkvoYtsov, 2005]. 

STUDYING ТНЕ STATE AND PROPERТIES 
OF FROZEN GROUND 

Co111p1· css i oп a l- а пd s hea г-v\rave veloc ity data 
!1ave impl i catioнs fог elastic p гopeгt i es, stгe ngtl1 , апd 
st гaiп of rocks, i п cludiпg fгоzеп gгou пd . 

In t l1 e latt er case, t l1ere is а se paгate ргоЫет of· 
esti matiлg tЬе degree of peгmafros t " slнgg i s lшess ", 
fог " 'hich а п арр гоасh based 0 11 Po i ssoп ' s гatio pat
teгп s was suggested iп [Melnikov et al. , 20101. 

Poisson's ratios iп fгоzеп saпd -c l ay sedl111e11ts at 
а lovv sa l i пi ty of роге flнid а 1·е knowп to 1·a11ge be
tvveeп 0.25 and 0.40 depeпdiпg on t l1e gгa iп -s ize com
pos i t ioп Ьн t сал геас!1 0.4 7- 0.50 iп wate г-satшated 
нлfгоzеп s edimeпts . TllltS, Po i ssoп ' s 1·atio сап Ье а 
ргоху of s lнgg i s hпess associated vvit l1 t he а111о н11t of 
нпfгоzеп vvateг. 

Acco гding to OLtr гesнlts , j oiп t aп a l ys is of veloc
ity patte гпs ал d ve loci ty гatios can pгovide гe l ia Ьl e 
cst imates of peпn afгost s lнggis lшess . Тl1е геfо ге, tЬе 
sнggested approacl1 is a pplicaЬl e to detect c гyopegs 
( briп e lenses) алd zoпes of blgЬ-saJin i ty ро ге flu id. 

CONCLUSIONS 

T l1e cJ1 oice of seism ic acqнi sit i o п met hods a11d 
teclшiqu es sЬould stem from kп ovv l edge of wavefi eld 
specificity >v i tЬiп tЬ е stн dy агеа . 

S нpгa -peпnafгost Llllfгoze п gгoLшd , iпc lLJdi пg 
that нnde 1· sliallovv vvateг, is гeso lvaЬle Ьу SH геfгас 
tiо п seismi c sшveys iл t l1e case of а пorma l ve locity 
profil e bLt t SH re fl ect ioл s аге mоге effi c i e п t i п t l1c 
ргеsенсе of' velocity re\rersals. 

HigЬ - гeso1нtioп s l1 eaг-\vave геЛ есti о п (SWR) 
pгof'iling \vit l1 t he use of SH pЬases is ап advaпtageou s 
tool for stLid ying tЬ е stгLi ctLIГe offrozeл gгo LJпd . 

Jo iп t aп a lys i s of ve locity patte гп s апd veloc ity 
гatios (Po issoп' s гatio) i нsefLI 1 to estimate t l1 e elas
tic coпsta n ts аш\ t l1e state of peпnafros t. 

Tl1e stнdy vvas sнppoгted Ьу gгaп ts 08-05-0042 l a 
and 06-05-79071 -k fгот tЬе Rнss i an Foнndatioп fо г 
Bas ic Resea rc Ь алd gгaл ts fгom t l1e Тушпел Ргоv iпсе 
Academy. It v\ras caпi ed онt as ра гt of Ргоgга 111 20 of 
the Rнss ia п Academy of Sciences, Ргоgгаш 11 of t l1e 
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