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A lithological and palaeomagnetic analysis of Late Weichselian glaciolacustrine de pos its from two an cient periglacial lakes was car ried
out in the val ley of the Shuja (S Karelia) and Ust-Pjalka (S–E Kola Pen in sula) rivers, NW Rus sia. The rhyth mic struc ture of the varved
clays is in ter preted as turbiditic with sys tem atic dif fer ences be tween the prox i mal and dis tal ar eas of ac cu mu la tion. In the prox i mal area
the tex tural and struc tural prop er ties of the de pos its to wards both dis tal and (partly) lat eral di rec tions are de scribed. It is shown that the
prox i mal varve suc ces sions are in com plete while dis tally they are con tin u ous. The ac cu mu la tion of one varve (DE rhythm, sec ond or der
cy cle) dur ing one year is con sis tent with palaeomagnetic data. Sig nif i cant dif fer ences in mag netic pa ram e ters and in the palaeomagnetic
“re cords” of dec li na tion-in cli na tion be tween prox i mal and dis tal varves are es tab lished. Anal y sis of palaeomagnetic prop er ties was com -
bined with lithological anal y sis in  all sec tions. Lo cally, the varved clays in the prox i mal area could be used for palaeomagnetic re search.
Tak ing into ac count the ero sion of un der ly ing de pos its by tur bid ity cur rents and in cli na tion shallowing, these sed i ments could not pre -
cisely re cord palaeosecular vari a tion (PSV). The dis tal varved clays (rep re sented by the DE rhythms) are clearly most use ful both for
varve-clay chro nol ogy and PSV re cov ery. The palaeomagnetic dec li na tion and in cli na tion re cords are cor re lated with chrono- and
magnetostratigraphy scheme of NW Rus sia. This pa per also ex am ines li thol ogy-de pend ent “in cli na tion er ror” and ani so tropy of mag -
netic sus cep ti bil ity in glaciolacustrine sed i ments.
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INTRODUCTION

Two ge netic hy poth e ses for varved clays  have been dom i -
nant in the 20th cen tury. Hence, two gen eral ge netic hy poth e -
ses for an nual glaciolacustrine sed i men ta tion have been de vel -
oped. Ac cord ing to the hy poth e sis of De Geer (1912), gla cial
varved clays are con structed of sum mer (silty) and win ter
(clayey) lay ers, which re flect sea sonal vari a tions in a
periglacial lake en vi ron ment. Dur ing the sum mer, silt and clay
are trans ported by gla cial meltwa ter far from a glaciofluvial
delta. They are then dif fer en ti ated by grain-size through the
wa ter col umn. The silt ac cu mu lates dur ing sum mer whereas
clay is de pos ited mainly dur ing win ter. Thus a varve is a cou -
plet of two lay ers ac cu mu lated dur ing one year. In this man ner
it is pos si ble to de ter mine the du ra tion of for ma tion of a sed i -
men tary suc ces sion in years. For in stance, to es ti mate the tim -
ing of dis ap pear ance of the Scan di na vian ice sheet the

well-known Swed ish clay varve chro nol ogy has been used
(Ringberg, 1991; Brunnberg, 1995; Hang, 2001). 

In the sec ond in ter pre ta tion varves are due to tur bid ity cur -
rents. The ac tion of tur bid ity cur rents in periglacial lakes with
dif fer ent sa lini ties was de scribed by Kuenen (1951). Later,
Banerjee (1973) showed that Ca na dian varved clays are sim i lar
to typ i cal turbidites. On the model for de po si tion of Brit ish Co -
lom bia periglacial lake sed i ments, Shaw (1977) il lus trated the
trans por ta tion of clastic ma te rial to the ba sin by tur bid ity cur -
rents. Later it was es tab lished that the pro cess of lac us trine sed i -
men ta tion is com plex (Catto, 1987; Kolka, 1996; Gruszka, 2001; 
B³aszkiewicz and Gruszka, 2005) and no sin gle model can ex -
plain all the phe nom ena. The strict sea son al ity of cou plet de po si -
tion in lac us trine en vi ron ments has been chal lenged by sev eral
re search ers, (e.g. Gilbert, 1975; Lam bert and Hsu, 1979; Gilbert
and Church, 1983; Catto, 1987; Ringberg, 1991; Van Der Meer
and War ren, 1997), and the for ma tion of mul ti ple lam i nated
units within a sin gle sea son has been ob served.



As re gards the palaeomagnetic util ity of varved clays, there
is no com mon view as to the pre ci sion of the in for ma tion re -
corded in glaciolacustrine deposits. Possible dis tor tions in the
“re cord ing” of true geo mag netic di rec tions have been an a lyzed 
in a num ber of pa pers (see sum mary in Verosub, 1977). Nev er -
the less no rec om men da tions as to which type of gla cial varved
clays might be preferred for palaeosecular vari a tion (PSV) in -
ves ti ga tions have been pro posed. In palaeomagnetic re search
the term “varved clay” can en com pass a wide range of varved
de pos its with out ref er ence to specific sed i men tary
environment. At the same time, the gen eral use ful ness of lac us -
trine varved clays for PSV in ves ti ga tions has been estabilished
(e.g. Bakhmutov and Zagny, 1990; Saarnisto and Saarinen,
2001). This pa per pro vides new data on the rem nant mag ne ti -
za tion of varved clays with par tic u lar attention to the  tex tural
and struc tural fea tures of the de pos its. The ma te rial is taken
from two for mer periglacial lakes of Late Weichselian age. 

This study ex am ines the phenomenon of tur bid ity cur rents
in re la tion to varved clays and in ves ti gates the acquistion of  a
palaeomagnetic sig nal in glaciolacustrine sed i ments. 

METHODS

FIELDWORK AND LABORATORY TREATMENT

A few ex po sures were se lected for sam pling and in ves ti ga -
tion of the varved se quences. Each sec tion was thor oughly
cleaned. The pri mary de scrip tion of the sec tions and the tak ing
of mono lith sam ples were done in field. The sam ples were
placed into the boxes 50´15´10 cm in size, with 5 cm over lap -
ping be tween the long axes of mono liths, and then wrapped in a 
plas tic sheet. In ad di tion to the mono liths, ori ented spec i mens
(5´5´5 cm or 2´2´2 cm) were sam pled for palaeomagnetic
stud ies. For de ter mi na tion of the di rec tion of trans port by tur -
bid ity cur rents the strikes and dips of foreset laminae in C units
of turbidite units were mea sured.

In the lab o ra tory the mono lith sam ple sur face was cleaned
and over lap ping parts of sec tions were vi su ally cor re lated.
Then a pa per strip was at tached to the sur face and the thick ness
of each el e ment (layer) was noted. The lithological de scrip tion
of the sed i ment se quences was done us ing a bin oc u lar
microscope. Grain-size com po si tion was an a lyzed by siev ing
and pi pette anal y sis. The quan ti ties of Fe2+ and Fe3+ were de ter -
mined by chem i cal anal y sis of the clayey parts of the varves. 

PALAEOMAGNETIC ANALYSES

 Four hun dred and fifty-five cu bic spec i mens were taken
from 5 ex po sures in the Ust-Pjalka palaeobasin (3–4 spec i mens 
from each sam pling level). The num ber of cu bic spec i mens
from 98 sam pling lev els of the Shuja sec tion was 529.  

The nat u ral remanent mag ne ti za tion was mea sured by a
LAM-24 astatic mag ne tom e ter (In sti tute of Geo phys ics Na -
tional Acad emy of Sci ences of Ukraine) and 2G En ter prise
cryo genic mag ne tom e ter ac com pa nied by an al ter nat ing field
(AF) demagnetizer (In sti tute of Geo phys ics, Pol ish Acad emy
of Sci ences). A pi lot col lec tion (one sam ple from ev ery five

lev els) was sub jected to stepwise AF-de mag ne ti za tion. De -
mag ne ti za tion re sults were an a lyzed us ing prin ci pal com po -
nent anal y sis (Kirschvink, 1980) by means of a PDA pro gram
pack age (Lewandowski et al., 1997). The bulk sus cep ti bil ity
and its ani so tropy were mea sured by the KLY 2 kappabridge in
15 dif fer ent po si tions, and L, F, P, T pa ram e ters were cal cu -
lated from the prin ci pal com po nents us ing the Aniso pro gram
(Jelinek, 1973, 1977).

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING

Dur ing de cay of the Scan di na vian ice sheet on the NE of the 
Bal tic Shield glacio-lac us trine sed i men ta tion oc curred in
palaeobasins of dif fer ent size and shape, de pend ing on their
pre cur sor de pres sions (Kolka and Korsakova, 2000). The pres -
ent study is fo cused on the de pos its from the Ust-Pjalka (S–E
Kola Pen in sula,) and Shuja (South Karelia) for mer periglacial
lakes (Fig. 1). 

The Ust-Pjalka glaciolacustrine de pos its ac cu mu lated in a
nar row N–S elon gated palaeobasin (9 km long, 1 km wide,)
which was sit u ated in front of a clus ter of ice-mar ginal de pos its
and oc cu pied the mid dle part of the val ley of the Ust-Pjalka
River. In the south the de pos its interfinger with those of a
glaciofluvial delta of the Neva mar ginal sys tem (Fig.1A.1–2).
Tak ing into ac count the low est and high est ab so lute al ti tude of
the Pre cam brian base ment in the de pres sion the max i mum wa -
ter depth in the ax ial part of the palaeolake was es ti mated as
30–50 m, de creas ing to the mar gins of the de pres sion (Kolka,
1996). At pres ent the glaciolacustrine de pos its are ex posed
along the river and oc cur in two ter races. The up per ter race is
mainly con struc tive, be ing 150–145 m a.s.l.; the lover ter race is 
pre dom i nantly ero sional, be ing 142.5–140 m a.s.l. This cir -
cum stance en abled us to es tab lish the lithological changes and
mag netic char ac ter is tics of sed i ments in dif fer ent parts of the
Ust-Pjalka glaciolacustrine sys tem. Clastic ma te rial was trans -
ported to the ba sin from a glaciofluvial delta bor der ing the lake
in the south (Bakhmutov et al., 1993; Kolka, 2004).

The Shuja glaciolacustrine de pos its (Fig.1B.1–2) were
formed in an ex ten sive iso met ric terminoglacial ba sin im me di -
ately ad ja cent to a stripe of mar ginal land forms of the Neva
stage of the Weichselian Gla ci ation (Ekman and Iljin, 1991).
Pres ently the de pos its un der lie a large gla cial plain rimmed to
the north-west, west and south-west by the boul der-peb -
ble-gravel end-mo raine ridges. The Neva band of the mar ginal
land forms also in cludes grav elly-sandy glaciofluvial del tas.
The del tas to gether with eskers were formed in glaciofluvial
chan nels, flow ing nor mal to the gla cier mar gin. The main in put
of the ma te rial to the periglacial lake was through these chan -
nels. Tur bid ity cur rents were gen er ated on the fron tal slopes of
the del tas and trans ported clastic ma te rial into the periglacial
lake (Kolka, 1996, 2004). A por tion of the  sed i ment was trans -
ported into the palaeobasin by meltwaters emerg ing out of
glaciofluvial chan nels from the front of the gla cier lobe. In the
lat ter case the trans ported ma te rial was ac cu mu lated in the im -
me di ate vi cin ity of the mar ginal ridges as grav elly-sandy de -
pos its with scat tered boul ders. 
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LITHOLOGY

DESCRIPTION OF THE CROSS-SECTIONS

UST-PJALKA GLACIOLACUSTRINE DEPOSITS

Eight sec tions across the gla cial lake de pos its have been stud -
ied in de tail (Fig.1A.2). Fig ure 2A shows their cor re la tion based
on the in ter pre ta tion of palaeomagnetic and geo log i cal and
geomorphologic data (Bakhmutov et al., 1993). Sec tion 1–5, 7
and 8 are con fined to the lower river ter race. They con sist of sed i -
ments de pos ited along the  ap prox i mately N–S trending axis in the 
deeper part of the palaeolake. Sec tion 6 oc curs on the up per ter -
race, near to the coastal part of the lake. These sed i ments there fore
ac cu mu lated in shal lower parts of the palaeolake. 

Sec tion 1 is rep re sented by lam i nated sandy de pos its of a
glaciofluvial delta. The lower part of sec tion 2 (in ter val
1.52–4.0 m) is rep re sented by cross- and par al lel-bed ded sandy 
de pos its of a glaciofluvial delta. The sed i ments in the up per

part of sec tion 2 (int. 0.3–1.55 m), in sec tions 3, 4, 5 and 7, not
reach ing the base of the gla cial lac us trine se quence con sist of
lam i nated silts and clays. The silty parts of the suc ces sion have
a com plex struc ture with dif fer ent styles of bed ding and a range 
of grain-sizes. They are graded lam i nated, hor i zon tally lam i -
nated or cross-bed ded silt lay ers and hor i zon tal interbedded silt
and clay lay ers. The lam i nated silts are interbedded with clay
lay ers. The dif fer ent styles of lam i na tion could be rep re sented
by Bouma cy cle ter mi nol ogy. Graded beds rep re sent Bouma A, 
coarse-grained hor i zon tally lam i nated silt is Bouma B,
cross-bed ding silt is Bouma C, hor i zon tally interlaminated silt
and clay lay ers is Bouma D, while non-lam i nated clay is
Bouma E. The thick nesses of the silty parts of sec tions 2–5 and
7 vary from 3.0 to 25.0 cm. The thick nesses of the clayey part E
vary from 1.0 to 4.0 cm. A typ i cal sec tion through the
interbedded silt and clay lay ers is shown in Fig ure 2B.1.

Ear lier, the silt and clay interbeds, con fined to the con tact with
the glaciofluvial de pos its (glaciofluvial delta de pos its in our case)
were named as bot tom or prox i mal varves (Ringberg, 1991). 
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Fig. 1. Lo ca tion of the study ar eas; Ust-Pjalka (A.1–2) and Shuja (B.1–2) in the con text of Qua ter nary de pos its
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Fig. 2. Cor re la tion of the sec tions (A); lithological log of sec tion 4 (B.1); in ner struc ture of the prox i mal varve, com posed 
of two ab bre vi ated rhythms, sec tion 4, int. 84–94 cm (B.2); and sche matic lon gi tu di nal sec tion of the Ust-Pjalka 

glaciolacustrine de pos its (C)



Sec tion 8 com prises the en tire lac us trine se quence which is
rep re sented by clas si cal varves only. We named these dis tal
varves. 

Thus two glaciolacustrine fa cies could be dis tin guished in
the Ust-Pjalka clayey de posit: prox i mal varves and clas sic
varves. The for mer are con fined to the prox i mal part of the
glaciofluvial delta and to the low est parts of the sec tions. The
lat ter are con fined to the dis tal part of the de posit and to the up -
per parts of sec tions (Fig. 2C).

SHUJA GLACIOLACUSTRINE DEPOSITS

Two sec tions in the cen tral part of the Shuja palaeolake are
rep re sented by glaciolacustrine de pos its  (Fig.1B.1–2). Ac -
cord ing to the struc ture and thick ness of rhyth mic units they
could be di vided into two parts (Fig. 3). The lower parts are
mainly com posed of prox i mal varves (with thick nesses up to
0.6 cm), whereas the up per parts com prise mainly dis tal varves
(0.3–0.4 cm thick) interbedded with prox i mal varves. 

INTERPRETATIONS 

UST-PJALKA GLACIOLACUSTRINE DEPOSITS

To ex plain the gen e sis of suc ces sions in the Ust-Pjalka clay
de posit we assume that the limnoglacial varves were formed by 
tur bid ity cur rents gen er ated on the fron tal slope of the
glaciofluvial delta. The na ture of these de pended on the sed i -
ment ac cu mu la tion on the fron tal slope of delta. Each tur bid ity
cur rent de pos ited one con tin u ous or re duced Bouma rhythm.
Ac cord ing to the con cep tual model of 
“varve” gen e sis it in cludes the all ma te rial
de pos ited in one year. There fore the varve is
the re sult of all turbidity currents gen er ated
dur ing one year.

The de pos its ex posed in sec tions 2–7 are
sim i lar to typ i cal turbidit. A com plete as sem -
blage con sists of 5 el e ments (ABCDE) and
cor re sponds to the full suc ces sion re cog -
nised by Bouma (1962). Ta ble 1 shows the
struc ture, com po si tion and grain-size of a
com plete rhythm from sec tion 5 (in ter val
380–390 cm). 

As one can see from Ta ble 1, the me dian
grain-size be comes finer to wards the top of
the pro file. This is con sis tent with the idea
that the el e ments A, B, C and D are pro duced 
by a de cel er at ing tur bid ity cur rent. The up -
per most clay layer E was partly de pos ited in
sum mer di rectly from a tur bid ity cur rent,
and partly in win ter from lon ger-lived sus -
pen sion (Banerjee, 1973). This is con firmed
by the dif fer ence in color of the sum mer and
win ter com po nents of the el e ment rhythm E:
the lower com po nent is green ish-grey and
re sem bles the silty el e ment D whereas the
up per one is red dish-brown. The dif fer ence
in col our is re lated to the ox i da tion of iron
be cause win ter wa ter is highly sat u rated with 

ox y gen.  The Fe2O3 to FeO ra tio in the green clay is 1.3 (the
mean value of four anal y ses), whereas in brown clay the ra tio is 
up to 1.9 (the mean value of three anal y ses).

In the de pos its of sec tions 2–7, as in most turbidites, com -
plete Bouma suc ces sions are rare. There are many ab bre vi ated
rhythms, lack ing one or more com po nents (Fig. 2B.2). This the
in di vid ual man ner of brak ing of each tur bid ity cur rent (Allen,
1984), and also the ero sive ca pa bil ity of the suc ceed ing tur bid -
ity cur rents.

Al to gether 26 Bouma unit com bi na tions were iden ti fied in
the prox i mal zone (Ta ble 2). Ta ble 2 shows 14 such com bi na -
tions in the south ern part, 20 in the cen tral part and 11 in the
most dis tal north ern part and in the ad ja cent shal low part of the
prox i mal zone. Such a dis tri bu tion of rhythm types prob a bly re -
sults from the vary ing dy nam ics of the tur bid ity cur rents.

Two broad groups can be dis cerned in the prox i mal area
(Fig. 4A). The first group con sists of Bouma units A, B and C;
the sec ond one com prises el e ments D and E. The com po nents
of the first group tend to de crease in a dis tal (north ern) di rec tion 
while these of the sec ond group show a con com i tant in crease.
This pat tern is con sis tent with cur rent un der stand ing of fa cies
dis tri bu tion along a turbidite trans port path (Gradziñski et al.,
1980, Allen, 1984). Bouma units A, B and C con se quently dis -
ap pear with the dis tance from the delta while units D and E be -
come ubiq ui tous. The dis tal zone of the Ust-Pjalka
glaciolacustrine de pos its thus only com prise units D and E.

The pres ence of scours and ap par ent lithological
unconformities in the sec tions, in di cates that the tur bid ity cur -
rents lo cally eroded the un der ly ing sed i ments. As a re sult, the
sec tions have been sig nif i cantly at ten u ated.
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Fig. 3. Sche matic sec tions of the Shuja glaciolacustrine de pos its

1.1. — interbedding of the prox i mal and dis tal varves in the in ter val 0.28–0.38 m, sec tion 1; 1.2.
— planar view of rhythm el e ment C, in ter val 0.32 cm; the light stripes are the rip ple crests



Prox i mal varves com prise one or
more com plete or ab bre vi ated rhyth mic
units (Fig. 2B.2). Varves are nor mally 1.0
to 15.0 cm thick (max i mum thick ness is
up to 40 cm). Some varves are com posed
of a var ied num ber of rhyth mic units that
change down cur rent. Fig ure 4B shows
that the varves of the south ern and cen tral
parts of the prox i mal area re sem ble one
an other in this re spect: the share of varves
com posed of one to two rhythms is
34–42%; of three rhythms is 12–18%; of
four rhythms 6–8%. The varves of the
north ern part have a sim pler struc ture;
73% are rep re sented by a sin gle rhythm;
23% by two rhythms; 2% by three
rhythms and 2% by four rhythms. If we
as sume that each rhythm was formed by
one flow, this sim ple struc ture sig ni fies
that not all the flows gen er ated on the
fron tal delta slope, had reached the north -
ern pe riph eral part of the prox i mal area.
Even those flows that reached this north -
ern pe riph ery had lower speeds than those 
in the cen tral part, as in di cated by vari a -
tions in av er age varve thick ness. More -
over, there was less ero sion of the un der -
ly ing sed i ments then in the cen tral and
south ern parts. Con se quently in the north -
ern part el e ment E of the rhythm is pre -
served much more of ten then else where.

Lat eral changes in the struc ture of
prox i mal varves are dis tinct. A to tal of
177 rhythms of 11 types (Ta ble 2) have
been dis tin guished in sec tion 6. As noted
above these sed i ments were formed in the
lat eral, shal lower part of the palaeobasin.
The varve thick ness in sec tion 6 ranges
from 0.5 to 3.0 cm, be ing 1.2 cm of av er -
age. All varves are rep re sented by a sin gle 
rhythm. Their ma jor fea ture is the re duc -
tion of el e ment E. Its thick ness is small
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Rhythms

Deep part of palaeobasin Shal low part of 
palaeobasin To tal in the

prox i mal
zoneSouth ern part,

sec tions 2, 3

Cen tral part,

sec tions 4, 5
North ern part, 

sec tion 7 Sec tion 6

ABCDE – 1/1.0 – 1/0.26

BCDE 1/2.3 4/4.0 16/27.6 21/5.53

ABC 1/2.3 1/1.0 – 2/0.53

AB”D – – – 1/0.57 1/0.26

A”CD – – – 1/0.57 1/0.26

BCD 1/2.3 2/2.0 – 5/2.82 8/2.10

CDE 2/4.5 – 1/1.7 1/0.57 4/1.05

BC 8/18.2 22/21.8 8/13.8 38/10.00

DE – 3/3.0 15/25.9 4/2.25 22/5.79

A”CDE – 3/3.0 2/3.4 5/1.32

AB”DE – 1/1.0 2/3.4 3/0.79

ABC”E – 2/2.0 – 2/0.53

AB”E 2/4.5 2/2.0 1/1.7 5/1.32

A”C”E – 1/1.0 – 1/0.26

A””DE – 9/8.9 4/6.9 13/3.42

BC”E 2/4.5 13/12.9 2/3.4 2/1.13 19/5.00

B”DE 5/11.4 5/4.9 6/10.3 3/1.69 19/5.00

A”C 2/4.5 4/4.0 – 6/1.58

A””D – – – 34/19.21 34/8.95

A”””E 2/4.5 6/5.9 – 8/2.10

B””E 8/18.2 8/7.9 – 7/3.96 23/6.05

BD – – – 114/64.41 114/30.00

CD – – – 5/2.82 5/1.32

A 2/4.5 3/3.0 1/1.7 6/1.58

B 4/9.1 9/8.9 – 13/3.42

E 4/9.1 2/2.0 6/1.58

To tal 44/99.9 101/100.2 58/99.8 177/100 380/100

The nu mer a tor and de nom i na tor show the amount and per cent age of rhythms re spec tively; par en -
thetic mark in rhythm sym bol de notes ab sent el e ments of the rhythm; for the lo ca tions of the sec -
tions see Figure1

T a  b l e  2

Dis tri bu tion of var i ous types of rhythms in de pos its of the prox i mal zone of the Ust-Pjalka
glaciolacustrine de pos its

El e -
ments
of the

rhythm

Struc ture Grain-size dis tri bu tion [mm/%]

<0.001 0.005–0.001 0.01–0.005 0.05–0.01 0.05–0.1 >0.1

E Structureless 35.42 28.12 10.41 11.88 6.88 7.29

D
Par al lel

interbedding of silt 
and clay lay ers

10.1  41.98 18.75 23.34 3.75 2.08

C Cross-lam i na tion   3.95 14.58 33.76 46.21 1.50 –

B Par al lel lam i na tion 12.08 13.75 24.17 47.92 2.08 –

A Graded lam i na tion   9.79 13.54 16.46 53.96 2.50 3.75

T a  b l e  1

Com po si tion, struc ture and grain-size of an ABCDE rhythm from the prox i mal part of the Ust-Pjalka 
glaciolacustrine de pos its (sec tion 5, depth in ter val 380–389.5)



(0.1–0.2 cm) and it shows a ten dency to dis ap pear to wards the
top. Thus, lower in the sec tion el e ment E is found in 20 % of the 
rhythms but at the top it is found in only 3–4%. This trend can
be ex plained by a de crease in lake depth. As a re sult more and
more clayey par ti cles were car ried
from the coastal ar eas to the deeper
and qui eter part of the lake. This is
sup ported by the pre dom i nance of
silt in the de pos its of sec tion 6 (Ta -
ble 3). Palaeo magnetic data
(Bakhmutov et al., 1993) in di cate
that the de pos its of sec tion 6 were
ac cu mu lated at the same time as the 
de pos its of the com plete varve of
sec tion 8. The re cord here is frag -
men tary. We in form that pe riph eral 
seg ments of tur bid ity cur rents con -
tained less clastic ma te rial than the
cen tral part. Con se quently, the
varve in ter nal struc ture be came
sim pler to wards the shal low area of
the palaeobasin. 

Dis tal varves were stud ied in sec -
tion 8. Here all the varves are rep re -
sented only by DE units. Here in the
dis tal part of the palaeobasin de po si -
tion was from low en ergy tur bid ity
cur rents (unit D and the lower part of
unit E) and from sus pen sion (unit E). 

The “sum mer” silty layer (unit D) is usu ally thicker than the 
“win ter” clayey one (unit E). In some ex cep tions the thick ness
of “win ter” layer is greater. Sec tion 8 com prises a to tal of 606
cou plets vary ing in thick ness from 0.2 to 2.0 cm, be ing 0.5 cm
on av er age. The rel a tive pro por tion of clay de creases from bot -
tom to top of the sec tion pro file (Ta ble 4). Lake level low er ing
dur ing ac cu mu la tion may be the rea son for this. 

SHUJA GLACIOLACUSTINE DEPOSITS

The de pos its of the Ust-Pjalka palaeobasin stem from a sin -
gle glaciofluvial delta, from which most sup ply to the ba sin oc -
curred. But lo cally a few del tas may sup ply a gla cial lake
(Kolka and Gorbunov, 1990). We here con sider varve clay de -
pos its from the Shuja River val ley in south Karelia (Kolka,
2004). Here prox i mal and dis tal ar eas have not been dis tin -
guished be cause in ter ac tions of tur bid ity cur rents from dif fer -
ent di rec tions have in flu enced the struc tural-tex tural fea tures of 
each sec tion. At least four glaciofluvial del tas sup plied clastic
ma te rial to the cen ter of the Shuja ba sin (Fig.1B.1–2).

Ac cord ing to the struc ture and thick ness of varves sec tion 1
could be di vided into two parts with the bound ary at about 1.1m 
(Fig. 3). The lower part is mainly con structed of typ i cal prox i -
mal varves (with an av er age thick ness of 0.6 cm) whereas the
up per part com prise mainly dis tal varves (0.3–0.4 cm). The
prox i mal varves of the Shuja glaciolacustrine de pos its con sist
of 13 rhythms  (Ta ble 5). This com plex struc ture of the varves
can be ex plained by the ex is tence of at least two di rec tions of
sup ply from tur bid ity cur rents. We sug gest that these de vel -
oped on the fron tal slope of the glaciofluvial delta that bor dered 
the palaeobasin. The ac cu mu la tion oc curred at dif fer ent flow
speeds with lo cal ero sion of un der ly ing sed i ments. As the ice
re treated, one of the melt wa ter sources may have dis ap peared,
to pro duce a sim pler suc ces sion in the up per part of the sec tion.
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Fig. 4A — vari a tion in the per cent age of each el e ment of the ABCDE 
rhythm in the de pos its of the prox i mal zone, with dis tance from the

glaciofluvial delta; B — num ber of rhythms in the varves 
of the prox i mal area

Sam ple
No.

Sam ple depth

[cm] 

Grain-size dis tri bu tion [mm/%]

> 0.25 0.25–0.05 0.05–0.01 0.01–0.005 0.005–0.001 <0.001

1   0.95–0.975 0.45   6.45 43.26 22.38 16.46 11.0  

2 1.17–1.22 0.13   4.08 46.54 22.37 15.33 11.55

3 1.85–1.88   0.2   8.96 51.32 17.35 15.39   6.78

4 2.36–2.41 0.22   8.82 39.71 17.92 19.18 14.15

5 2.60–2.65 4.97 15.97 36.21 12.69 17.3  12.86

6 3.15–3.18 4.11 12.62 43.12 16.65 13.92   9.55

 T a  b l e  3

Grain-size of varve clay from the sec tion 6 of Ust-Pjalka glaciolacustrine de pos its 

Sam ple 
No.

Sam ple
depth

[cm] 

Grain-size dis tri bu tion [mm/%]

>0.25 0.25–0.05 0.05–0.01 0.01–0.005 0.005–0.00 <0.001

1 0.8 0.2 0.1 50.4 21.1 16.7 11.5

2 1.3 0.1 4.7 38.6 19.9 21.1 15.6

3 1.7 0.1 0.1 35.6 20.6 25.5 18.1

4 2.6 0.1 0.7 39.8 19.3 25.5 14.5

5 3.0 0.2 2.7 18.0 15.4 36.2 27.5

T a  b l e  4

Grain-size of varve clay of the dis tal part of Ust-Pjalka glaciolacustrine de pos its (sec tion 8)



Here 77.5% of varves are rep re sented by DE rhythms only.
Nev er the less 8 dif fer ent types of rhythms re sem bling typ i cal
prox i mal varves are dis tin guished in the up per part (Ta ble 5).

Both the up per and lower parts of sec tion 1 con tain ev i -
dence of tur bid ity cur rents from dif fer ent di rec tions. Thus why
the new rhythms CE and C ap pear in ad di tion to those in the
Ust-Pjalka de pos its. Dif fer ent ori en ta tions of rip ple lay ers in
the rhythms of el e ment C and al ter na tion of dis tal and prox i mal
varves also in di cate the in ter ac tion of tur bid ity cur rents. Mea -
sure ment of cur rent rip ple di rec tion in the C el e ments in prox i -
mal varves (Fig. 3, sec tion 1) shows (from top to bot tom) flow
di rec tions of 135°, 50°, 120° and 166°. In sec tion 2 in the cen -
tral part of the Shuja palaeobasin mea sure ments in di cate four
main di rec tions, co in cid ing with the di rec tions of sec tion 1
(Fig. 3, sec tion 2).

Thus the com plete geochronological “re cord” could be es -
tab lished in the dis tal area of the periglacial ba sin and par tially
in the dis tal part of the prox i mal area. In the last of these the
suc ces sion may be in com plete. Estimation the du ra tion of sed i -
men ta tion in the prox i mal area has not been pos si ble. Varved
clays of the dis tal area should be con sid ered as suit able for
varve chro nol ogy and, as shown be low, are most use ful for
palaeomagnetic research.

PALAEOMAGNETIC STUDIES

STABILITY OF REMANENT MAGNETIZATION 
AND MAGNETIC MINERALOGY

The nat u ral remanent mag ne ti za tion (NRM) of the Shuja
sam ples ranged from 10 to 50 mAm–1 and mean sus cep ti bil ity

ranged from 20 to 80´10–5 SI. In the Ust-Pjalka sam ples the

high est and low est val ues are as so ci ated with the prox i mal and
dis tal ar eas re spec tively and have a wide range of val ues. 

Fig ure 5 shows the re sults of stepwise AF- de mag ne ti za tion
of typ i cal sam ples from Shuja (Fig. 5A) and Ust-Pjalka
(Fig. 5B). Or thogo nal di a grams in di cate univectorial sta ble
remanence. The 5–10 mT AF-de mag ne ti za tion field erased the
vis cous com po nent. The me dium de struc tive field (MDF) dur ing 
AF-de mag ne ti za tion of NRM var ies be tween 50–90 mT in the
Shuja sam ples and 35–150 mT in the Ust-Pjalka sam ples. Af ter
de mag ne ti za tion of the pi lot col lec tion, the re main ing sam ples
were de mag ne tized in a 20 mT peak of AF. Mag netic clean ing
did not no tice ably change the NRM di rec tions of sam ples. Af ter
150 mT AF-de mag ne ti za tion field 15–20% of NRM in the Shuja 
sam ples (10–50% of NRM in Ust-Pjalka sam ples) still re mained
in di cat ing a mix ture of low and high coercivity min er als. 

The mag netic min er al ogy in ves ti ga tions of the Ust-Pjalka
varves in di cated a mixed com po si tion of mag netic frac tions
(Petrova et al., 1995). Thermomagnetic curves (Fig. 6A, B)
show the pres ence of he ma tite whereas the Js(T) and Jrs(T) be -
hav iors in di cated curve bends near 150°C, 350–400°C and Tc
near 560°C (Petrova et al., 1998; Fig.6C). Dur ing sec ond heat -
ing these bends dis ap pear and Tc co mes close to the Tc of he -
ma tite. The ac qui si tion curves of IRM (Fig. 6D) dem on strate
that 2.0 T is an in suf fi cient field for sat u ra tion of sam ples from
the lower part and con firmed the pres ence of he ma tite-type
mag netic min er als in the sam ples. But sed i ments from the up -
per part of the same sec tion (Fig. 6D) were sat u rated in a field
of 1.2 T. More data about the mag netic min er al ogy in dif fer ent
lev els were re ported by Petrova et al. (1995, 1998). The mag -
netic be hav iour of the de pos its shows that he ma tite, maghemite 
and mag ne tite are the car ri ers of remanent mag ne ti za tion in
these varved clays. In ad di tion, the pres ence of greigite can not
be exluded. In cer tain in ter vals the chem i cal remanent mag ne ti -
za tion due to pig ment took place along with depositional
(postdepositional) remanent mag ne ti za tion (Petrova et al.,
1995). How ever these de pos its have been ad mit ted to the study  
of “palaeomagnetic re cords”.

ANISOTROPY OF MAGNETIC SUSCEPTIBILITY

One of the main prob lems in palaeomagnetic stud ies of re -
cent sed i ments is the “re cord” of true an cient geo mag netic field 
di rec tion. Iden ti fi ca tion of dis rupted zones, e.g. due to sam -
pling, or sedimentological dis tur bances, e.g. caused by
bioturbation, are prob lems in the palaeomagnetic in ves ti ga tion
of soft sed i ments. In this con text the study of the varved clays
from the Ust-Pjalka and Shuja periglacial lakes is im por tant be -
cause the al ter ation of mag netic pa ram e ters in di rect re la tion to
the pro cesses of sed i men ta tion in dif fer ent zones of the lake
could be traced. In ad di tion to vi sual de scrip tion of the varved
clay fab ric we used mag netic fab ric anal y sis (Blunk, 1989).
The anal y ses of ani so tropy of the mag netic sus cep ti bil ity
(AMS) could spec ify stress-in duced vari a tions of remanent
mag ne tism (Schmitz, 1984) and sec ond ary fab ric in ho mo ge -
neous clays (Blunk, 1989). Pa ram e ters of ten used in stud ies of
mag netic fab ric are the shape, ori en ta tion and size of the ani so -
tropy el lip soid (Tarling and Hrouda, 1993). Ac cord ing to
Blunk (1989), the primary magnetic fabric of lake sediments is
invariably of ob late type, i.e. 0<T<1. 
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Mostly prox i mal varved 
clays

(depth 1.0–2.5 m)

Mostly dis tal varved
clays

 (depth 0.0–1.0 m)

Rhythms Amount [%] Amount [%]

BCDE 35 13.11 16 5.9

BCD   2   0.75 – –

BC   4 1.5 – –

BC”E   8 3.0   1 0.37

BD”E 50 18.73   8 2.95

BE””   8 3.07   8 2.95

CDE 36 13.48 17 6.27

CD   6   2.25   1 0.37

CE”   2   0.75 10 3.69

DE 104  38.95 210  77.49  

B   6   2.25 – –

C   3   1.12 – –

E    3   1.12 – –

To tal 267 100 271 100

T a  b l e  5

Dis tri bu tion of var i ous types of rhythms in de pos its of the
Shuja’s glaciolacustrine de pos its



The data from se quence 1 in the Shuja periglacial lake dis -
play no de formed sed i ments (pri mary fab ric; Fig. 7). The
grains are well ori ented with min i mum axis (K3)  nor mal to the
depositional plane and with the max i mum axis (K1) par al lel to
the flow. The anal y ses of the prin ci pal di rec tions of AMS el lip -
soids of the sam ples from dif fer ent lev els in di cate that the di -
rec tions of max i mum axis K1 in prox i mal clays are about 160°
(Fig. 8A) whereas the di rec tions K1 in dis tal clays are about
60° (Fig. 8B). This is con sis tent with field mea sure ments of
palaeocurrent di rec tions in sec tion 1 (Fig. 3) that are 135°, 50°,

120° and 166°. Field mea sure ments of cur rent rip ples in sec tion 
2 (Fig. 3) ba si cally show the same di rec tions of flow 50° and
170°. Thus they are close to the K1 AMS-di rec tions. Some
sam ples from the prox i mal zone show that K1 AMS-di rec tions
typ i cal of the dis tal area and con versely, a few sam ples with pe -
cu liar K1 AMS-di rec tions re sem bling those from the dis tal
zone are placed in the prox i mal part of the sec tion. Hence the
suc ces sion of glaciolacustrine ac cu mu la tion could be es tab -
lished. First clastic ma te rial was de liv ered ba si cally to wards
340° NW–160° SE from delta 1. Si mul ta neously a smaller
quan tity of clastic ma te rial was de liv ered from delta 2 with
flow di rec tion of 240° SW–60° NE. Later, with the be gin ning
of dis tal varved clay ac cu mu la tion, trans por ta tion of clastic ma -
te rial from delta 1 was con sid er ably re duced and oc curred
mainly at 240° SW–60° NE from delta 2. 

The AMS data from the Ust-Pjalka periglacial lake show
both pri mary and sec ond ary fab ric. In sec tion 8 to gether with a
pri mary fab ric, a sec ond ary fab ric be low 3.75 m (Fig. 9) has
been de ter mined. The por tions of pri mary and sec ond ary fab ric
ac cord ing to the shape pa ram e ter T are marked on Fig ure 9
with a dashed line. But de formed varves are tracked be low
3.2 m (dot ted line). The di rec tions of K1 and K3 axes of the
AMS el lip soid for all sam ples of sec tion 8 (Fig. 10A) and only
for sam ples from the up per 3.2 m (Fig. 10B) are zones in which
the sed i ment is vis i bly con torted.  There fore dec li na tion-in cli -
na tion data from lower than 3.2 m must be ex cluded from fol -
low ing PSV in ter pre ta tions. 

The data from sec tion 6 are dis played only for pri mary fab ric
(Fig. 10C). The di rec tions of the max i mum axis K1 both in sec -
tions 6 and 8 are close to lon gi tu di nal and tak ing into ac count the
geo log i cal con text show an east erly di rec tion of wa ter flow. 

PALAEOMAGNETIC RECORDS

Struc tural and tex tural dif fer ences of de pos its from prox i mal
and dis tal ar eas are em pha sized by dif fer ences in their
palaeomagnetic pa ram e ters. This is pri mar ily caused by sed i men -
ta tion type flow speed in dif fer ent zones of the ba sin.  The heavy
frac tion of fine-grained sandy and silty par ti cles was de pos ited
mostly at high flow speeds near the glaciofluvial delta and partialy
was trans ported to the cen tral deep est zone, while the fine  clayey
par ti cles were de pos ited al most ev ery where, al though show ing a
con cen tra tion in the pe riph eral part fur thest from the delta. Our
palaeomagnetic in ves ti ga tion was pri mar ily aimed at ob tain ing in -
for ma tion about the “re cord” of the an cient mag netic field di rec -
tion in lithologically het er o ge neous sed i ments. 

PROXIMAL ZONE OF THE UST-PJALKA PERIGLACIAL LAKE

The clays of sec tions 3 and 5 (Fig. 2A) are char ac ter ized by
scat tered mag netic pa ram e ters in neigh bor ing lev els and even
in sam ples of the same level (Fig. 11). The NRM and mag netic
sus cep ti bil ity (k) val ues be come higher on ap proach ing the
delta. In both sec tions NRM and k slightly de crease from bot -
tom to top. 

The mean in cli na tions of sam ples are 10–15° less then the
geo cen tric ax ial di pole GAD in cli na tion for this area (78.5°).
This in cli na tion er ror is com pa ra ble with those es ti mated by
other au thors who stud ied varved clays (e.g. Barton et al.,

Lithology and palaeomagnetic record of Late Weichselian varved clays from NW Russia 361

Fig. 5. Ex am ples of typ i cal AF-de mag ne ti za tion be hav ior of sam ples
from the Shuja (A) and Ust-Pjalka (B) sec tions

The plots in the lower left cor ners show de cay of NRM in ten sity dur ing de -
mag ne ti za tion; the stereoplots (up per left cor ners) and or thogo nal di a -
grams (right) in di cate that the di rec tion of remanence is sta ble; or thogo nal
di a grams are shown in the hor i zon tal plane xy rep re sented by squares, and
in two ver ti cal planes: xz rep re sented by solid cir cles and yz rep re sented by
open cir cles



362 Vladimir Bakhmutov, Vasili Kolka and Vladimir Yevzerov

Fig. 6. A typ i cal thermomagnetic Js(T) (A) and Jrs(T)  (B, C) and IRM ac qui si tion  (D) curves for Shuja and Ust-Pjalka varved clays

Fig. 7. Varve thick ness, mag netic ani so tropy pa ram e ters (fo li a tion F, lineation L, shape pa ram e ter T), nat u ral remanent mag ne ti za tion
(NRM), mag netic sus cep ti bil ity (k), dec li na tion and in cli na tion of sed i ments of sec tion 1, Shuja periglacial ba sin

The dot ted line in in cli na tion in di cates the GAD in cli na tion



1980) and is prob a bly con trolled by the tur bid ity cur rent ve loc -
ity. The in cli na tion er rors re lated to flow ve loc ity in the
near-floor lay ers where the sed i ments were de pos ited. The ab -
so lute dec li na tion val ues are from 40°W to 60°W. The dis tinc -
tion of any dec li na tion-in cli na tion vari a tions in sec tions 3 and 5 
seems im pos si ble. Only at the bot tom of sec tion 5 is there a ten -
dency for a dec li na tion shift eastwards.

At the bot tom of sec tion 6, lo cated at the pe riph ery of the
prox i mal area, the NRM is 4–5 times less and k 2–3 times less
than in sec tions 3 and 5 (Fig. 12). The sharp rise of NRM in the
up per 2.5 m is as so ci ated with the pig men ta tion of the sed i ment 
chang ing from grey to brown. Above this level the sam ples be -
come more sta ble to AF-de mag ne ti za tion and this can be ex -

plained by the oc cur rence of he ma tite (Petrova et al., 1995). 
This sec tion pro vides a con trast ing pic ture of vari a tions in an -
gu lar com po nents. Changes in dec li na tion with am pli tudes of
ca. 100° have been re corded. The mean in cli na tion val ues ei -
ther ap proach the GAD in cli na tion or even ex ceed it. These
vari a tions are not as so ci ated with changes in the sca lar mag -
netic pa ram e ters NRM or k.  The rhythms in sec tion 6 are struc -
tur ally most sim i lar to those of dis tal zone sed i ments. Al to -
gether 177 rhythms have been dis tin guished in this sec tion. But
the ero sion pro duced by tur bid ity cur rents af fected the un der ly -
ing de pos its and we are un able to es ti mate the du ra tion of sed i -
men ta tion. Nev er the less, these data seem con tain in for ma tion
on geo mag netic field vari a tions. 
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Fig. 8. Equal area pro jec tion of max i mum K1 (filled cir cles) and min i mum K3 (open squares) di rec tions of
AMS el lip soids for the sam ples of sec tion 1 of the Shuja prox i mal (A) and dis tal (B) ar eas

Fig. 9. Mag netic ani so tropy pa ram e ters (fo li a tion F, lineation L, shape pa ram e ter T), mag netic sus cep ti bil ity,
dec li na tion and in cli na tion in sec tion 8 of the Ust-Pjalka periglacial ba sin

The pri mary and sec ond ary fab rics de fined by shape pa ram e ter T and AMS el lip soid axis di rec tions are sep a rated by 
dashed and dot ted lines re spec tively 



DISTAL ZONE OF THE UST-PJALKA PERIGLACIAL LAKE

The palaeomagnetic re cord of dec li na tion and in cli na tion in 
sec tion 8 of the dis tal zone af ter re mov ing the data be low 3.2 m
are shown in Fig ure 12. The NRM and k val ues re veal con sid -
er able vari a tion from bot tom to top, re flect ing dif fer ent hy dro -
dy namic en vi ron ments of sed i men ta tion and prob a bly mag -
netic min er al ogy fluc tu a tion. To wards the top of the sec tion the 
NRM de creases by more then an or der of mag ni tude and k de -
creases three-fold. The dec li na tion changes from 10°E to 50°W 
and in cli na tion from 87° to 73°, the mean in cli na tion value ap -
proach ing the GAD in cli na tion. 

The dif fer ent struc ture of clays in the prox i mal and dis tal
ar eas and the ab sence of vis i bly marker lay ers and anom a lous
mag netic pa ram e ter ho ri zons hin der the cross-cor re la tion of the 
Ust-Pjalka sec tions. The only pos si ble cor re la tion is by com -
par i son of the di rec tions of remanent mag ne ti za tion vec tors

and anal y ses of their vari a tions through time. The data from
sec tions 6 and 8 seem use ful for cor re la tion. The dec li na tion
vari a tions ap pear to be most in for ma tive, since: (1) we do not
know the ef fect of “in cli na tion er ror” which can vary from sec -
tion to sec tion de pend ing on flow en ergy; (2) the am pli tude of
dec li na tion vari a tions at this lat i tude is well above the in cli na -
tion (in sec tions 6 and 8 they are about 100° and 10° re spec -
tively); (3) the sam ples have ori en ta tions in the hor i zon tal plane 
and we can com pare not only be hav ior of vari a tions but also
con sider the ab so lute val ues. 

A com par i son of the ab so lute dec li na tion val ues for the
prox i mal zone shows that sec tions 3 and 5 can be com pared
with in ter val 1.3 – 2.6 m of sec tion 6 and in ter val 1.15–2.1 m of
sec tion 8. In the last one this in ter val in cludes ca. 200 DE
rhythms and each rhythm prob a bly rep re sent ing one year. This
num ber ex ceeds by sev eral times the amount of varves dis tin -
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Fig. 10. Equal area pro jec tion of max i mum K1 (filled cir cles) and min i mum K3 (open squares) di rec tions of
AMS el lip soids for the sam ples of the Ust-Pjalka periglacial ba sin

 A — for all sam ples of sec tion 8; B — for the up per 2.2 m of sec tion 8 (up per dot ted lines in Fig. 7); C — for all sam ples 
from sec tion 6



guished in sec tion 3 and 5 and makes up only one-third of the
to tal num ber of varves in sec tion 8. Thus the clays in sec tion 3
and 5 were de pos ited dur ing a pe riod of less than 200 years and
their rhythms were com pletely or partly eroded by tur bid ity
cur rents. Here the frag ments of a sin gle rhythm in sec tions 3
and 5 cannot be used to as sess the sed i men ta tion rate. 

The dis tal varved clay sec tion most com pletely re flects the
chro no log i cal scale and is most ap pro pri ate for varvometric
and palaeomagnetic in ves ti ga tions. In Fig ures 11 and 12 all the
data are shown by depth scale. Sec tion 8 con tains 606 DE
rhythms (an nual lam i nated varved clays) and dec li na tion-in cli -
na tion curves could be rep re sented by a time scale. Thus the
dec li na tion and in cli na tion vari a tions in sec tion 8 cor re late with 
palaeomagnetic data of sec tion 6 and could be used for rep re -
sen ta tion of geo mag netic field sec u lar vari a tions through time.

THE SHUJA PERIGLACIAL LAKE 

Dec li na tion and in cli na tion re cords in sec tion 1 of the Shuja
periglacial lake are shown in Fig ure 13. The mean in cli na tion
value is 71°, but for sam ples from prox i mal and dis tal varves
(see Fig. 7) this value is 68° and 73° re spec tively. For this re gion
the GAD in cli na tion is 75°. Here the shallowing of in cli na tion in
prox i mal varves is less than in the Ust-Pjalka clays. The anal y ses 
of in cli na tion val ues ver sus the ani so tropy de gree P = K1/K3 for
prox i mal and dis tal clays are shown as two over lap ping groups
(Fig. 14). The am pli tude of in cli na tion vari a tion is 16° and dec li -
na tion vari a tion is more than 50° (from 17°E to 32°W). 
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Fig. 11. Mag netic pa ram e ters (nat u ral remanent mag ne ti za tion
NRM, mag netic sus cep ti bil ity, dec li na tion and in cli na tion) of the
sam ples from sec tions 3 and 5 of the Ust-Pjalka periglacial ba sin

Fig. 12.  Mag netic pa ram e ters (nat u ral remanent mag ne ti za tion
NRM, mag netic sus cep ti bil ity, dec li na tion and in cli na tion) of the
sam ples from sec tions 6 and 8 of the Ust-Pjalka periglacial ba sin

Fig. 13. Dec li na tion-in cli na tion vari a tions in the Shuja varved clays, 
sec tion 1



As men tioned above, the varves from the Shuja sec tions have
a com pos ite struc ture. From prox i mal and dis tal ar eas 267 and 271 
cou plets re spec tively were vi su ally dis tin guished (Ta ble 5).  The
up per part of the sec tion is mostly com posed of varves with
monocyclic struc ture. From study of “hid den” pe ri od ic ity of varve 
struc tures fol low ing Vyahirev (1997), from the prox i mal and dis -
tal ar eas 237 and 399 an nual cy cles were re spec tively de ter mined.
There fore the con ven tional du ra tion of sed i men ta tion of these
clays is 636 years. Hence the dec li na tion-in cli na tion vari a tions
could be rep re sented in a time se quence.

INTERPRETATION

The cor re la tion of palaeomagnetic data ob tained from the
Ust-Pjalka  (Fig.12) and Shuja (Fig.13) se quences with the
chrono- and magnetostratigraphy scheme of NW Rus sia
(Bakhmutov, 2000) is shown in Fig ure 15. Each point of this
scheme rep re sents the mean value for a 30 yr in ter val. The
palaeomagnetic re cords are pre sented in our con ven tional du ra -
tion of sed i men ta tion of the Shuja and Ust-Pjalka clays of 636
and 606 years re spec tively.  The sug gested cor re la tion of the
Ust-Pjalka de pos its with this scheme was used as a ba sis for
com par i son of the mar ginal gla cial de pos its of Keiva I and
Keiva II with the mar ginal de pos its of Karelia (Bakhmutov et
al., 1993). The Keiva I suc ces sion cor re sponds to the mar ginal
de pos its of the Neva stage of the last gla ci ation. The cor rec tion
of geo chron ol ogi cal time scale (Bakhmutov, 2000) gives the
age of the dec li na tion C peak at about 11950 BP varve years.
Ac cord ing to re cent palaeomagnetic data from neigh bour ing 
re gions with new ra dio car bon de ter mi na tions the age of the C
peak is about 13090 cal yrs BP (Saarnisto and Saarinen, 2001). 

CONCLUSIONS

The de tailed lith o logical and palaeomagnetic in ves ti ga tion
of glaciolacustrine de pos its from two dif fer ent palaeobasins re -
vealed many in ter est ing fea tures. The rhyth mic struc ture of
varved clays is sim i lar to the rhythms of typ i cal turbidites with
sub stan tial dif fer ences be tween prox i mal and dis tal ar eas. 

The sed i men ta tion rate for the prox i mal Ust-Pjalka varved
clays (sec tions 3 and 5) of com plex struc ture can not be de ter -
mined. These de pos its con tain time gaps while in the dis tal area
they are rep re sented by a con tin u ous se quence. The varves be -
come thin ner and struc tur ally sim pler dis tally. The dec li na tion of
the prox i mal clays cor re sponds to the 1.15–2.1 m in ter val of the
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Fig. 14. In cli na tion vs. ani so tropy de gree P = K1/K3

Filled cir cles and open cir cles rep re sent data from prox i mal and dis tal ar eas 
respectively

Fig. 15. Com par i son of the dec li na tion-in cli na tion re cords of the Ust-Pjalka and Shuja periglacial bas ins
in the con text of the  chrono- and magnetostratigraphic scheme of Late Weichselian de pos its 

in NW Rus sia (Bakhmutov, 2000)

Each point rep re sents the av er age of 30-year in ter vals; dec li na tion and in cli na tion peaks 
are given by up per and lower case let ters respectively



dis tal varved clays (sec tion 8), which are rep re sented by about 200 
an nual DE rhythms. It would be dif fi cult to cor re late the varves of
the prox i mal area by the varve clay chro nol ogy method. 

There are sig nif i cant dif fer ences in the mag netic pa ram e -
ters (NRM and sus cep ti bil ity) for prox i mal and dis tal ar eas.
The palaeomagnetic re cords in prox i mal varved clays show
scat ters in in cli na tion and dec li na tion val ues be tween neigh -
bor ing lev els and shal low in cli na tion. Nev er the less in the prox -
i mal area ei ther far from the delta (sec tion 6 in the Ust-Pjalka
clays) or in al ter ations of prox i mal and dis tal varves in the com -
bined se quence (sec tion 1 in the Shuja clays) the re cord of an -
cient geo mag netic field di rec tion could be re cov ered with
enough pre ci sion for sec u lar vari a tion in ves ti ga tion. The dis tal
varved clays carry the pri mary palaeomagnetic re cords and
could be used for palaeosecular vari a tion stud ies. Thus only the 
dis tal varved clays are convenient both for geochronology and
for palaeosecular vari a tion recovery. 

The pres ence of a mix ture of mag netic min er als car ry ing
remanent mag ne ti za tion does not sig nif i cantly af fect the PSV re -
cord in the glaciolacustrine varved clays. Im por tant in for ma tion
re gard ing the depositional pro cesses could be gleaned from ani so -

tropy of mag netic sus cep ti bil ity mea sure ments. The di rec tions of
cur rent flows and trans port of clastic ma te rial from dif fer ent del tas
are re flected in the AMS di rec tions. More over the undeformed
(pri mary fab ric) and de formed (sec ond ary fab ric) sed i ments could 
be eas ily dis tin guished AMS pa ram e ters. 

The fea tures of PSV are sim i lar to the main be hav ior of dec -
li na tion-in cli na tion vari a tions of the chrono- and
magnetostratigraphic scheme for NW Rus sia (Bakhmutov,
2000; Fig. 15). This is con sis tent with the in ferred du ra tion of
de pos its of one cou plet (the sec ond or der cy cles, DE rhythms)
dur ing one year.
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