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ABSTR ACT. Th e Vav ilov ice cap was pe rfo ra ted in 1988 b y a drill ing which 
reached the und erl ying froz en sedim ents. In co ntras t to the ove rl ying glacier ice, th e 
basa l ice is composed of diffe rent iee laye rs w ith a \'ar iable d e bri s load. The s ta ble
iso tope rom posi ti on of these layers sho\I's {; \'a l ues m uch lower th a n e\'erywhere else in 
th e core or in the Va\'il ov ice cap. This is mos t probably th e sig n a ture of a rem na nt of 
Pleistoeene ice which, for th e firs t time, is shovvn to occur in th e Russ ian Arctic . 

INTRODUCTION 

Sc\'erna ya Zem lya is loca ted in hi g h la titud es (78- 81 ° N), 
no t far from th e Eurasian contin ent. Its ice cover is thus 
interes ting to stud y. as it cou ld shed some lig ht on th e 
g lacial histo ry of th e Russia n Arctic. 

The Vavilov ice cap, on O ctober R e\'oluti on Is land , is 
loca ted between 79° and 79°30' N , and betwee n 94°30' 
a nd 97 ° E (Fi g. I), and has a size of about 18 17 km 2

. I n 
spring 1988, it \-I'as perfora ted by an electromechanical 
dri ll, deve loped by the St Pe le rsburg ~Iining Institute. 
This boreho le was loca ted nea r th e present-d ay urn line 
a t a n a ltitude of 665 m, northwes t of the highes t po int on 
the ice cap (Fig . I) . I t reached a d epth of 461.61 m . 

o Glaciers 0 6 km 

fEJ Land A Academy of Sciences Ice Dome 

£. Borehole V Vavilov Ice Cap 

The co re was examined [o r ice tex ture and stru cture. 
D ebris content a nd gra in-size di s tribution of th e includ ed 
pa rticl es were d etermined , a nd o rganic malleI' , spores 
a nd poll ens were coll ec ted for laboratory stud ies . Th e first 

Fig. I. Location oJ lite ['(/l'it011 ice cap and oJ Ihe borehoLe 
sludied ill the /Jresenl /Ja/m . (a) Loca /ioll ma/). ( b) 
SlI1Jace topogra/)/I)' oJ the ['avilov ice cajJ with l)osil1011 oJ 
the bore/wle. 
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results were r ecentl y published by Bol 'shiyanov and 
others (1990) . The presen t study dea ls wi tb tb e stable
isotopi c composition of the ice. 

The samples of basal ice were analyzed at the Centre 
d 'Etudes N ucl eaires de Saclay, Fra nce, for 8D and a t th e 
Institute of Geography, Russian Academy of Sciences, 
Moscow, for 8 180. The 8D and 8180 obtained are 
expressed in p e r mil changes relative to SMOW 
(stand a rd mean ocean water with D/H and 180 / 160 , 
respectively, equ al to 155.76 and 2005.2ppm) . Precision 
of the measurements is ± 0.5%0 in 8D and ± 0.1 to 0.15%0 
in 8180. 

THE 8180 PROFILE IN GLA CIER ICE 

Figure 2 gives a comparison between the 8180 profiles 
obtained on th e Va\,ilo\' ice cap, in the Acad emy of 
Sciences ice dome, north of the V a\·iIO\· ice cap on the 
same archipelago, and in th e Camp Century ice core. The 
ages given on the y axis for the two Russian profil es 
(Klement 'yev and othe rs, 1991 ) a rc the resu I t of a 
combin ed approach of ice strati grap hy, 8-seasonal 
\'ariations a nd ice-flo\\' modelling. A remarkabl e feature 
of tbis fi gure is the presence of the Younger Dryas (YD ) 
a nd Allerbd elimatic osc illations in the Academy of 
Sciences ice dome, while th e Vavilov ice cap profile seems 
to start just after these events. A Holocen e c lima ti c 
optimum can be clearly seen on th e Academy of Sciences 
ice dome profile and seems also to be presen t , a l though 
less developed , on the V avilov ice cap profile. Nu 
Pl eistocene ice is displayed and this raises the question 
of the ex istence of these glaciers on Se\'ernaya Zeml ya 
during this period. 

BASAL ICE 

2 Coarse-gra ined ice with a mean grain area of 58.8 mm 
characterises glacier ice dovvn to a depth of 457.39 m. 
Be tween 457 .39 and 457.46 m , fin e-grained ice is 
developed with a mean grain area of about 4.6 mm 2 

Shear deformation occurs at thi s leve l. Then , between 
457 .85 and 457.90m depth , the ice contains m ore fin e 
particles and consists of very small crys tals, probably 
resulting from fragmenta tion by shear. Their mean area is 
about 0.8 mm 2

. 
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Basa l ice beneath th e glacier ice comprises three units. 
Th e upper unit is d eveloped be tween 457.90 and 
458.70 m and is characteri sed b y blocks of froz en 
secliments similar to those of th e third unit. D ebris
con ta ia ning ice wi th a rela ti vel y high ice/debris ratio 
(more th an 70% ) consti tu tes the second unit. Som e of the 
mi nera l particles suspended in the ice reach th e size of 
rock fragments. An isoclinal fold plunging at 35- 40° to 
th e hori zontal plane can be detec ted at a depth of 458.77-
458 .90 m. The contact between this d ebris-conta ining ice 
a nd th e underlying frozen sediments can be located at a 
d epth of 459.07- 459.30 m. The third unit is in fact 
subglacial frozen sediments with an ice/debris ratio ofless 
than 50% . These sedim ents are red-brown aleurites and 
argi lites with a large a mount of rock debri s from th e red
coloured Devo nian Sandstone . The loam covering wide 
areas on the western pa rt of October R evoluti on Island, 
whi ch is presentl y unglaciated, is very similar to these 
sediments. No d eform ation can be identified at the 
co n tac t between th e debris-co n ta i ning ice and the 
subgl acial frozen sediments. Sliding at the inte rface, 
whi ch is below th e press ure-melting point, seems to be 
absent. 

ISOTOPIC COMPOSITION OF BASAL ICE 

R esul ts of the iso topi c analyses perform ed on the basal ice 
are di splayed in Fig ure 3. The 8180 valu es exhibit a range 
of a bout 13%0, be tween - 26.0%0 a nd - 13.2%0, th e 8D 
valu es, a range of a bout 90%0, be tween - 187%0 and 
-96%0 . The most negative 8D values (-187%0) and 8 180 
valu es (-26%0) are located at the level of the previously 
d escribed isoclinal fold. 

L et us compare the 8 va lues of the basa l ice with 8 
val ues of glacier ice from diffe ren t ice co res of the 
Severnaya Zemlya a rchipelago. The range in 80 180 
val ues for glacier ice in the borehole on top of th e Vavilov 
ice cap is -2 1.5%0 to - 17.5%0 (K o tlyakO\' and others, 
1989) . 

I n the borehol e on top of the Academy of Sciences ice 
dom e (for location, see Fig. I) the range of 8180 va l Lies is 
be tween - 23.5%0 a nd - 18.0%0 (Kl em ent'yev and olhers, 
1991 ) . All these val ues seem to correspond to Holocene 
ice, ""'ith the exception of the ice from the base of the 
A cad emy of Sciences ice dome (8 180 = - 23.5%0) which is 
considered by Klem en t'yev and oth ers (1991 ) to be abo ut 

-18 

Early Holocene thermal optimum (EH) 

Younger Dryas (YD) 

AllerOd (A) 

Fig . 2. Comparison oj 8/8 0 profilesJrom the Vavilov ice cal}, the Academy oj Sciences ice dome and the Camp Centmy ice 
core. 
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Fig_ 3_ 8/8 0 and 8D l)rofi1es in the basal ice Jrom the 
Vavilo v ice cap . 

12000 yea rs old , from th e las t glac ia l transi tion . The 
differen ces in 8180 \'a lues be tween th ese bo reholes a re due 
to th e a ltitude effect and to the position of the Academy of 
Science ice dome, a bo ut 120 km north of th e Vavil ov ice 
ca p . Th e 8 values of th e d e bris-containing ice are more 
nega tive (8 t80 = - 26%0 ) than a ll th ese values (Fig. 3) . 
This co uld represent Pleistocene ice, but th e qu es tion 
arises whe th e r glaciological processes occurring at th e ice
substra tum in terface could be responsible. The distribu
ti on of th e points rep resenting th e sampl es in a 8D-8 180 
di agra m can give som e information o n thi s problem. 
8D- 8 IBO relationships can revea l whether ph ase cha nges 
ha\'e occu rred in th e basal ice Uouzel a nd Souchez, 1982; 
Souchez and J ouzel, 1984; Gordon a nd o th ers, 1988) . 
The sampl es of th e debris-conta ining ice a re well a ligned 
on a stra ig ht line with a slope S = 7.88 in a 8D- 8 IR O 
di agra m. The line has th e equ ation 

8D = (7.88 ± 0.44 ) 8180 + ( 10.8 ± 1.4); r-2 = 0 .97; n= 12. 
( I ) 

This lin e ca n be consid er ed as a meteori c wa ter line 
(\[\vL; D a nsgaa rd , 1964; M erli vat a nd J o uze l, 1979 ) . 
R oza nski a nd o th ers ( 1993 ) recentl y proposed fo r th e 
equ a ti on o f thr \1\\,L 

8D = (8.17 ± 0.06 )8180 + ( 10.35 ± 0.65 ); 7,2 = 0.99; n = 206. 

(2) 

Th is re la ti o nship is ge ne rally true fo r fres h precipItation . 
Since. a mpl es from the debris-conta ining ice are a ligned 
on a M \VL, it ca n be considered th a t thi s ice has no t 
und ergo ne isotopic chan ges during its tra nsfe r from rh e 
accumu la ti o n a rea to its present position a t the base of th e 
Vavi lov ice cap . 

Th e sa mples from th e frozen und erl ying sediments 
a lso li e o n a stra ight line but with a diffe rent slope as 
defin ed b y th e leas t-squares regression li ne: 

8D= (6.54±0.71 ) 8 IBO - (6.5± 1.7 ); r-2 =0 .92; n= 10. (3 ) 

A t tes t indicates th a t the re is a probability p = 0.95 
th a t th e slopes of Equations ( I ) a nd (3) are indeed 

Sliivenard and others: Pleislocelle ice at Vavilov ice cal) 

different. H owever, th e sma ll n urn ber of sam ples a nd th e 
re latively low va lue for r2 must be taken in to account 
since this red uces the level of sig nifi cance and m a kes the 
fit very sensiti ve to th e loss of a few points. Nevertheless, 
th e slope of Equation (3) is typica l of that a rising from a 
freez ing o r melting- refreezin g process (Souchez and 
J ouzel, 1984) . If the values of th e ice- water equilibrium 
fractionat ion coeiIicients at ooe a re ta ken as 1.0208 for 
d euterium (Arnason, 1969) a nd 1.003 for IRO (O 'Neil, 

1968), the theoretical freez ing slope can be calculated. Its 
\ 'a lue is 6.39 which is in exce ll e nt agreement with the 
obsen 'ed value. There is no ev ide n ce for an inOuence of 
OH-bea rin g min erals on th e isotop ic com positi on 
(Souchez and o thers, 1990) . 

Some of the 8 values from the debris-containing ice at 
the base of the Vavilov ice cap are mu ch lower than 
norm al H o locene values fo r th e a rea. They poss ibly 
represent th e first Pleistocen e ice discovered in th e 
Eurasian sector of the Arctic. In the Academv of 
Sciences ice dome, the 8180 va l ue fo r the YD reaches -
22.5%0, while H olocene \'a lues arc less negative than a t 
th e \ 'a\' il ov ice cap . Therefore, 8 180 values of - 26%0 in 
d eb ri s-conta ining ice from th e base of the Vayilo\' ice cap 
can not be considered as YD ice since the impove ri shment 
in hea\'y isotopes is too large . This supposed Pleistocene 
ice laye r is cove red by bloc ks o f frozen sediments. All 
prev ious boreho les were drilled by a therma l drill , and 
th erefore have not been able to penetrate thro ug h them. 
Th e process b y which particl es h ave been includ ed in th e 
d ebr i -con ta inin g ice is not kn own. Freez ing -on is 
precluded in th e absence of s tra tifi ed facies and of a 
freezing slope in a 8D- 8 IB O diagram. !\Ie lting and 
rege la ti on is a possibility, but th e re is no e\ 'id ence that 
th e pressure-melting point "vas reached a t the base. 
S hea ring a nd fo lding can a lso be responsible for inclusion 
o f partic les in the ice a nd is like ly g ive n th e presence of an 
isoc lina l fold . The transitional 8 va lu es between those of 
th e deb ri s-co n taining ice and th ose from the fro ze n 
sed im cnts most probably indi cate th e role o f diffusion 
a long water ve ins a t the surface o r th e ice c rystals a nd 
a long grain bo und a ri es, e\'en a t a temperature b e low th e 
melting point. 

P ALAEOCLlMA TIC IMPLICATIONS 

Two hypo th eses ca n be formulat ed fo r the development of 
th e Severnaya Z emlya glaciati o n in th e past. Th e first one 
considers a con tinuous ice cove r throughou t the Pleis(o
cene and th e H o locene. Accordi ng to th e second onc, th e 
prese nt-d ay glaciers of Se\'ernaya Zemlya cam e in LO 
ex istence only during th e H olocene (Gm'orukha, 1988). 

I n fa\'our of th e first hypo thes is, recent pa laeoglacio
logica l reco nstructions (Lindst ro m and \IacAyeal , 1989; 
Gross\nl ld a nd G lebm'a, 199 1) co nsider a 2500 m thi ck 
ice cove r fo r Severnaya Z eml ya in th e Late Glacial 
l\'[aximum . Howeve r, no Pl e istocene icc has ye t been 
fo und on th e arc hipelago. Did the PleisLOce ne ice melt 
durin o' th e H o locene therma l op timum? But th e re is some 
ice und ern ea th th e ice fro m th e H olocene thermal 
op timum (V a ikmae a nd Punning, 1984; Kle m ent 'yev 
and o th ers, 199 1) . 1 n th e Academy of Sciences ice d ome, 
it is pO'sible to recogni ze such clim a tic e\'ents as YD a nd 

405 Downloaded from https://www.cambridge.org/core. 09 Jun 2021 at 07:18:26, subject to the Cambridge Core terms of use.

https://www.cambridge.org/core


J ournaL of CLacioLogy 

Allerod (Fig. 2) . Moreover, the iso topic da ta presen ted 
here seem to confirm the second hypothesis, with on ly 
buried Pl eistocene ice loca ll y prese rved. The following 
evidence a lso indica tes the sma ll ex tent of Seve rn aya 
Zeml ya glaciers during the Pl eistocene/H olocene transi
tion. lie dating of vegetation remn a nts at the edges of the 
V a vilov ice cap and of the Acad em y of Sciences ice d ome 
gives the followi ng ages: 9950 ± 110 BP and 9620 ± 
11 0 BP (Leningrad U ni ver ity, Nos 665 and 11 60 ) and 
6990 ± 170BP (Institute of Geogra ph y, U .S.S.R . Acad
em y of Sciences, No. 879) (M a keyev and others, 1979; 

K o tl ya kov and others, 1991; Ba rko\' and others, 1992 ) . 

All th ese arguments indicate th at la rge glaciers did not 
exi t in Severnaya Zeml ya during the late Pleistocene. 
Either the local glaciers were relatively small during the 
Last G lacial Maximum ( 18000 BP; Fa ustova and V eli ch
ko, 1992 ) because of dry clim ate during this period , or the 
ice caps were relatively thin (Bol'shiyanov and Nikolayev, 
1992 ) . 
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