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ABSTRACT. Bolshoi Lya kh ov is one of the g roup of the New Siberian Islands in 
th e Lap tev Sea. Th e permafrost of the island is of a n extremely low tempera ture 
regime, po lygo na l wedge ice being the most specifi c fea ture. The geomorphologica l 
level considered is a so-ca lled edoma, presum ably of late-Qua ternary origin ; polygo na l 
ice wedges a re more th an 10 m wide a nd up to 25 m deep on thi le\'e l, and abo ut 
1 m x 1.5 m on the peat bogs of H olocene age. Sixty-six samples of und ergro und ice 
were taken on bo th surfaces. Th e macro-ion content was a na lyzed , i. e. Ca, Mg, Na, K , 
H C03, C l, S04' A sign ifi cant difference in ion conten t was found between th e older 
and the yo unger ice. Th e late-Quatern a ry wedge ice is characte ri zed by th e 
predomina nce of Ca and H C03, wh il e the H olocene ice con tains considerabl y higher 
proporti ons of Na and Cl. Thi may be attributed to different environmenta l 
conditions during wedge-ice growth: more continenta l in the late Quaternary and 
more ma ritim e in the Holocene. 

INTRODUCTION 

Polygo na l wedge ice is th e most specifi c feature of the 
permafrost of Bolshoi Lyakhov, New Siberi a n Isla nd s, 
Russia . On ly a few stud ies have been done in this vicinity 
on the chemistry of this type of underg round ice (Volkova 
and R omanO\'sk iy, 1974; K orzun , 1985 ). H owever, as 
was shown for western Siberia , the chemical content of 
underg round ice could serve as a n important so urce of 
palaeoenvironmenta l info rm a tion when other d ata a re 
no t ava ila bl e (Dan ilov a nd others, 1980) . The present 
paper considers the ion content of wedge ice of th e late 

Quaternary a nd of th e H olocene acco rding to ana lyses of 
their macro-i on content, i. e. Ca, M g, Na, K, H C03, C l, 
SO .. . 

STUDY AREA 

Bolshoi L ya kh ov is the most so uth erl y of the New 
Siberia n Isla nds in the Laptev Sea ( Fig. I) . No d eta il ed 
data exist on the cryoli tho logical features here. On the 
geological evidence, the perma frost of Bolshoi Lyakh O\' is 
ve ry simil ar to tha t of the J ana- K olyma lowland. The 

la tter is of a n ex tremely low tempera ture regime, the 
mea n a nnua l tempera ture at th e bottom of th e ac ti\'e 
laye r being estima ted as below - 10°C (Nekrasov, 1986) . 
T he Qu ate rn ary deposit of the J ana- K olyma lowland , 
the so-ca ll ed edoma complex, lying on Neogene ma rine 
strata, is a loose silt of loessia l type with abundant pla nt 
re mnants. R adioca rbon data indica te th e late-Qu atern
ary age (50000- 11 000 BP) of the edoma complex (K ap
li na and others, 1980) . Apart from the massive and 
segrega ti on undergro und ice, th is d epos it conta in s 
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pol ygo na l wedge ice, wi th wedges 30-40 m d eep. J n 

some locations ice wedges up to 50- 60 m deep have been 
d esc ribed (Popov and others, 1985 ) . Such ext reme 
dim ensions a nd o th er features of the ice wedges are 
explained by th e hypothesis of syngenetic growth of ice 
wedges, i.e. an ass umption of cryoge nesis under condi
ti ons of conrinuous acc umul ation of the conta ining silt 
sedimenrs , whic h a re beli eved to be of alluvia l origin 

Fig. I. Localion oJ studied area. 
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(Popov and others, 1985 ) . Howe\·er , th ere a re o ther 
co nceptions o f" th e ori gin of th ese sedim elHs, in pa rti cula r 
th a t th e ed om a co mpl ex was d e pos it ed by wind 
(T omirdi aro a nd C he rn enki y, 1984) . Aecording to 
ano ther hypo th es is, in th e la te Qu a tern a ry an Arcti c

shelf glacia l shee t co\·e red this territory (Gros\·a l'd . 1989 ) . 
The H olocene permafros t structures occ ur mostl y on 

rhe ri\ ·er banks, where th ey ta ke the fo rm o f" synge neti c ice 
wedges 1- 2 m deep (Popov and oth ers, 1985 ) . During the 
Holocene Optimum th e edoma surfaces were erod ed by 

th ermoka rst processes, whi ch led to th e wid es pread 

deve lopm ent 0 [" pea t bogs in th e th erm oka rst d epress ions 
(K a plin a a nd Gitterman , 1983 ). In th e la te Holocene, 
when clim ate turn ed co ld er, a peri od of ice-\\"Cdge 
fo rmati on occurred on the pea t bogs . Thus. on the 
edoma surface , a pa rt from giga nti c ice wedges of la te
Qua tern a ry age , H olocene ice wedges o[ sma ller d imen

sIons occ ur. 

STUDY SITES 

T he stud y sites a re loca ted in the north ern pa rt of Bolshoi 

L va kh ov (74" N, 1420 E; Fig. I) . Bascd on geo logical 
dri ll ing, th e thi ckn ess 0[" the la te-Qua terna ry depos its a t 
thi s loca tion is 20- 30 m (persona l communica ti on from 
P. S. Da\·id ov, 1989 ). I t is of Ihe sa me pattern as th e 
edoma com plcx 0[" th e J a na K ol yma lowla nd , i.e. a li gh t
brown silt stra tum with abundant plant remn ants. mos tl y 

grass and herb roo ts in situ and thin pea t layers from 
se\·e ra l millim etres ro I 2 cm thi ck. Th e content of 
mass i\·e a nd segrega ti on ice in the depos it is ve ry high. 
up to 30 40 %. The ice wedges a re 5- 10 m wide and up ro 
25 30 m deep . The leng th of polygons \·a ries from 10 to 
20 m. The late-Qua terna ry d eposits lie on g ra\"C I-sand 

ma rine d eposits of .\Teogene age with mass ive und er
g round ice a nd num erous ice lenses. Th e sca ttered 
H olocene deposits ta ke th e form of a pea t strat um up ro 
1- 1.5 m d eep wi th iee wedges up to I m wide. The 
po lygo ns a re se ldom longe r th a n 3- 5 m. 

The wedge ice was sa mpled in II outcrops (Fig. 2) , 
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Fig . 2. Sketch if sampling /Joinls with in the ice wedges. 

Savoskul: J Oll content if poLygonal wedge ice 

which a re loca ted along a strip 5 km long, st retching in a n 
eas t- wes t d irec tion , a bout 7 km from th e north coas t of th e 
island. Since a bso lu te da ting was no t feas ible, the ice age 
was es tim a ted according to geomorp hic ev id ence and ice
wedge dimensions. La ter on we will refer to the la rge ice 

\\·edges of the edoma compl ex as late-Qu a ternary ice 
(following Popov and others ( 1985); an ass umption of the 
same age fo r th is ice and the conta ining deposit was 
adopted ) and to sma ll na rrow wedges as H olocene ice . Th e 
wedge ice is 0[" ve ry spec ifi c tex ture. ~ r ost l y it is unclea r 

due to th e high content of mineral particl es and air pores. 

Th e tex ture is charac teri zed by numerous subpa ra ll el 
\·ertical laye rs, wh ich often cross eac h ot her. H oweve r, 
some relat ive ly clea r zo nes occur within the wedges . These 
a re mos t spec ifi c to the H olocene ice . I n ice wedges 1- 7 the 
la te-Quaterna ry ice is exposed. No. 8 is a comp licated ice 
wedge : th e na ITO\\ upper part (8B) apparent ly grew a ft er 

the forma tion of the wide lower part (8A) . Th us the upper 
two sa mples a re likel y to be of H olocene age and the lower 
t\\'o of la te-Qu aterna ry age . Tee wedges 9-- 11 are of 
Holocene age. Th e loca ti ons of sa mp li ng poillls within th e 
ice wedges a re shown in Figure 2. 

METHODS 

The samples were ta ken using axe a nd knife . Apart fro m 
th e u ndergro und ice, snow and ra in-wate r were 
sampled in the vicinity of the stud y sites, using plast ic 

shee ts a nd tools. The melted wa ter \\·as filtered a nd 
sto red in 200 ml plas ti c botrles. T he a na lyses were 
ca rri ed out in th e chem ica l la borato ry at th e G eogra
phi ca l D epartm ent of Moscow Sta te University. T he 
co ncentra ti ons of C a, Ylg, Na and K were measured 
using an a tom-adsorption spec trometer with an acc u
racy of 0.0 I mg I I. HC03 concentra ti on was es tim a ted 
by ac id-a lka lin e t itra ti on using O.OI A so lution of H C I 
with an accuracy or 0.05 mg I I ; C l co ncentration by 
titra ti o n using 0.02N solulion 0[" AgN0 3 with an 
acc uracy of O.Olmg l I; a nd concentra ti on of SOl in 

so lution o[BaC I by spec trophotometer with a n accuracy 
of 0.0 I mg I I. 

Concentrat ions of the ions, th e Cl/Na ind ex a nd th e 
mineraliza ti on ave raged fo r each ice wedge and the 
co rres ponding stand a rd de\'ia tions are presented in T a ble 
I . The concentra tions are ex pressed [or each ion as a 
percentage calcul a ted from co ncentra ti ons ex pressed in 
mi lli equ i\·a lent separately fo r ca tions a nd anions ass um
ing th a t th e sum of mac ro-ions is 100% in each case. 
~ r ine ra l i za ti o n is computed as the sum of macro-ion 
concentra ti ons a nd expressed in mg I I. I n order to ge t 
easily compa ra ble data th e mean \·a l ues o f" ion concen tra
tions, the C l/Na ind ex and min eraliza tion with stand a rd 
de via tions were computed sepa ra tely for late-Quaterna ry 
ice. H olocene ice a nd samples of a tmosph eric water 
(T a ble 2). 

RESULTS 

Tables I a nd 2 and Figure 3 show th a t the late
Qua tern a ry and Holocene ice differ consid era bly in 
values of minerali zation. Whil e the minerali za tion of th e 
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T able I . Ion coni enl oJ wedge ice and jJrecipitai ion 

Samj)/es Ice wedges Precij)itation 

T ype 
N um ber 

Concentra tions (% ) 

H e O:l mean 
s.d. 

C l mean 
s.d . 

S0 2 mea n 

s.d. 

Ca mean 
s.d. 

l\lg mca n 
,.d . 

:\ a mea ll 

s.d. 

K mca n 

C I/ '<a 

s.d. 

mean 
s.d . 

20 

64 

29 
8 

6 
6 

54 
9 

24 
5 

19 

7 

3 
2 

2.45 
0.78 

\linera liza ti on mg 1 I ) 

2 

+ 

53 
7 

39 
9 

8 
5 

4+ 
10 
21 

3 

30 

8 

5 
4 

2. 14 
0.83 

3 
4 

53 

39 
5 

8 

53 
7 

24· 
2 

2 1 

8 

2 

3.2 1 
1.1 9 

4 

't 

68 
17 

26 
13 

6 
5 

56 

23 
I 

18 

7 

2 
2 

2. 16 
0.65 

5 
4 

72 
17 

23 
12 

4 

5 

6 1 

23 
2 

14 

8 

2 
2 

2.68 
0.61 

6 
4 

83 
9 

13 
7 

4 
4 

76 
6 

19 
4 

5 
2 

o 
o 

4 .9 1 
3.56 

60 
9 

33 
7 

6 

3 

53 
8 

23 
2 

2 1 

9 

3 

2.6 1 
0.83 

8A 
2 

76 
10 
16 
5 

7 
6 

58 

18 
I 

23 

6 

I 
o 

1. 16 
0.66 

8B 
2 

40 
2 

50 
2 

10 
3 

50 
2 

25 
3 

19 
4 

5 
2 

3.99 
0.94 

9 
8 

33 
6 

64 
7 

3 
2 

29 
10 

23 
15 

45 

16 

2 

2.44 
1.1 0 

10 
3 

23 
2 

7 1 
3 

6 
I 

36 
15 

20 
5 

40 

18 

.5 
3 

3.08 
1.44 

11 
4 

31 
7 

58 
12 

12 

8 

35 
10 
18 
3 

38 
14 

10 
3 

2.50 
0.66 

snow 
5 

39 
16 

54 
9 

7 
8 

40 
3 

19 
8 

38 
8 

3 
2 

2.32 
0.82 

ra in 

5 

38 
24 

54 
20 

30 
16 

15 
13 

50 

25 

5 
3 

2. 19 
1.48 

mcan 
s.d. 

121.00 68.5+ 134.24 176.81 199.47 325.67 133.87 130.09 32 .79 54.67 87. 33 80.73 47.08 46.74 
40.96 39.20 32. 12 62.33 92.03 90.43 4 1. 37 0.28 13 .39 18.86 10.26 21.78 9.18 13.98 

H olocene ice is very simil a r to th e min era li za ti on of 
present prec ipitation, th at of la te-Qu a terna ry ice is 
a pprox im a tely twi ce as g rea t. Th e stand a rd devia ti on of 
la te-Qu a tern a ry ice indica tes very high va ri a bility of th e 

T ab le 2. Averaged ion con tent oJ wedge ice and 

jmczjJit a lion 

Conccntra ti ons (%) 

HC03 mean 

C l 

Ca 

'\lg 

.\ a 

K 

CI/Na 

s.d. 

mcan 
s.d . 

mea n 
s. d . 

mean 
s.d . 

mea n 
s.d . 

mea n 
s.d . 

mean 

s.d . 

mean 
s.d . 

'\'linera liza ti on (mg I I) 

n1can 

s.d . 
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L ale OJwler-lIary /-Ioiocelle 

lfP 

65 
12 

29 
10 
6 
5 

56 
10 
23 

4 

19 
9 

3 
2 

2.72 
1. 38 

147.68 

78.30 

Ice 

3 1 

62 
9 

7 
6 

34 
11 

2 1 
10 
39 
16 

5 
3 

2.58 
1. 03 

63.99 
24.62 

Prmj)ilalioll 

39 
19 

5+ 
15 

35 
12 

17 
10 

44-

19 

4 

2 

2.25 
1.1 3 

46.91 
11.1 5 

va lues of minera liza ti on. H owever, min era li zation of a 
few la te-Qua terna ry samples is close to th a t of present 
precipita ti on. 

Th e la te-Qu a terna ry ice is cha rac teri zed by th e 
predomina nce of Ca and HC03 , whi le th e H olocene ice 
conta ins higher proportions of Na + K a nd C l, th e mos t 
va ria ble in both cases being th e concentra ti ons of S0 4 
and M g. Th e ion co ntent of th e Holocene ice is very 
simil a r to th a t of present precipita tion, where concentra
tions of Na and Cl a re a lso much higher th an in th e la te
Qua tern a ry ice. An interes ting point is tha t the propor
ti ons of Ca a nd H C0 3 in late-Qua ternary ice samples 
with low minera liza ti on are also high. The vari a tions of 
S04 a nd Mg concentra tions a re of an uncertain pa ttern. 

Th e C1 /Na index is very vari a ble, so it is not clear 
whether th e differences between va r.ious types of samples 
should be a ttributed to geneti cal reasons or sta ti sti ca l 
vari a ti ons. 

Th e wedge ice is found to be chemi call y inhomoge
neous in both the ve rti cal and hori zontal direc tions. 
H owever, no certa in trend could be recognised in the 
\"a ri a ti ons of th e ion content throughout the width of a 
wedge, as is clear from the com pa ri son of 20 sam pI es from 
ice wedge No. I. Appa rently th ere is a tend ency fo r a n 
increase of minera li za tion with depth in ice wedge No. 8, 

wh ich could be expla ined by th e complicated structure of 
the wedge, which conta ins ice of two different ages . 

DISCUSSION AND CONCLUSIONS 

The predominance of Ca and H C03 in late-Quaternary 
wedge ice was reported from the Lena river, J ana lowla nd 
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(Volko\'a and R omanovski y, 1974) and Yeni sei ri ver 
terraces (D anil ov and o th ers, 1980) . Higher content of Cl 
a nd Na a nd lower concentra ti ons o[Ca and H C0 3 in the 
H olocene wedge ice we re reported ri-om th e Kolyma 
lowla nd (K orzun , 1985 ) and the Arcti c zo ne of wes tern 

Siberi a (V as ilchuk and Trofim O\ , 1984) . Vo lkova a nd 
R oma nO\'s ki y ( 1974) expl a in th e differences betwee n th e 
ion content of la te-Qu a terna rv a nd H olocene ice by 
\'a riati ons in the chemi ca l content of precipita tion. 
H owewr, interpreta ti on of these differenccs should be 
ve ry careful , since th e ion content o f a tm osph eri c 
prec ipita tion and of underground ice are not as close ly 
rela ted as in the case of glacier ice . 

Fi gure 3 shows th e rela tions between th e va lues of 
minera liza ti on and con centra ti ons or the mac ro-ions. As is 
clear rrom the g ra phs, with increasing min erali zation th e 
proportions of Ca and HC03 increase in la te-Qua tern a ry 
ice and th ose of N a a nd Cl decrease . Thus higher 
concentra ti ons of Ca a nd HC03 in la te-Qu a terna ry ice 
having high minera li za tion could be asc ribed to la ter 
altera ti on, [or insta nce by th e ion input fro m minera ls. 
Ne\ 'e rtheless, it is importa nt to stress th a t e\'en sa mples 

with minera liza tion 100ITr than 60 mg I I, " er), close to the 

mineralization of presen t precipi tat ion and consequently 
insignifi cantl y altered by ion excha nge with minerals, a lso 
cont a in high proporti ons o r Ca and HC03 . This could 
mean that the late-Qu a tern a ry ice ,,'as initi a ll y [ormed 
fi-om wa ter of d ifferent chemica l content to the Holocene 
ice . Presumabl y this ice-forming wa ter was of a tmospheri c 

orig in. Th e si m il a ri ty of ion conccn tra tions in presen t 
precipita tion and H olocene ice, as well as low miner
a liza tion or th e la tes t ice, show tha t the wedge ice could 

be used as a rough indi ca tor of chemi ca l content of 
prec ipitati on . Th e samples with low minera li za ti on from 
the la te-Qu a terna ry ice are likely to be accepta ble fo r this 
purpose as well. 

Thus a n increase ofCa+ HC03 and co nsequentl y a 

d ecrease ofNa + Cl in the precipita tion during th e la te 
Qua terna ry as compared to th e Holocene is likely. This 
m ay be attributed to d ifferent environm enta l conditi ons 
during wed ge-i ce g rowth: more continen ta l in th e la te
Quatern a ry a nc!more ma ritime in the H olocene. Other 
indi ca tors of th e p a laeoenvironm ental conditions in the 

region a llow such a conclusion. For insta nce pa lynolo
g ica l d a ta from th e stra tot ypical sections in the J a na
K o lym a lowland give evid ence of a n ex tremely cold a nd 
dry c lim a te durin g the major p a rt o f th e la te 
Qu a terna ry between 50000 and 11000 BP whi ch was 
replaced by a warm er , more humic! clima te in the 
H oloce ne (Kaplin a a nd o th ers, 1980; K a plina and 
Gitterma n, 1983; T omirdi a ro and Chernenki y, 1984; 
R yba kova, 1990 ) . 

Th e simil a rit y o[ th e chemica l content of la te
Qu a tern a ry wedge ice in th e studi ed sites and in th e 
adj ace nt continenta l a reas (V olkova and Rom a novs ki y, 

1974) sugges ts a simila ri ty in th e pa laeoe nvironmenta l 
conditions of ice g rowth. It is likely th a t Bolshoi Lyakhov 
was pa rt of th e Indigirka d elta during th e late Qu a ter
na ry and tha t the silt stra tum conta ining th e wedge ice 
was formed by acc umula ti on of allu via l d eposits. The 
exi stence of a n ice-shee t cover on this terri tory, as sta ted 

by Grosva l'd ( 1988), is therefore very unlikely. Perha ps 
considera bl y smaller glaciers covered northern islands or 
th e New Siberia n group at that tim e. 
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