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Majo r element analyses of 461 samp les of Neoprote rozoic sedi menta ry rockswe re classifi ed by using pet rochemi cal
plot s and stat isti cally tr eated in cluster analyses. In gen eral, th e studied siliciclast ic rocks represent two major associ
ations.The fir st contain s arkoses to quartz arenite s with predominantl y illit ic shales; it includes th e majority of th e

stud ied formations and may be interpreted as a product of denudation of the conti nental crust.The second associa
t ion comprises greywackes and lithic arenites associated w ith shales which contain some chlori te and Na-feldspar s.
The chemistry suggests that there was a contribution from a basic, Na-rich crust or volcanic source.
The geochemistry is in accord w it h interp retations of sedime ntary environments and basin development based on
other meth od s. It also indicates a temp orarily cold and dr y clim ate which is comp atib le w ith sedimentary facies ana
lysis and the fact that th ere was no con ti nenta l vegetatio n.Format ions w hich are represented by interbedded varie
gated siliciclas tic and carbonate rocks and exhibit tr aces of evaporites con stit ute anothe r im porta nt climat ic indica

to r.
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Introduction and scope
The Neoproterozoic (Upper Riphean and Vendian) succes

sions of the Varanger, Rybachi and Sredni Peninsulas have

been stud ied in the early nineties in a jo int Norwegian

Russian project. St rat ig raphic correlation, th e nature and de

velopment of sedimenta ry basins and their subsequent de

fo rmation were the main objectives of the project and re

sults of much of t his research were published in a Geolog ical

Survey of Norway Special Publicat ion (Rober ts & Nordgu len,

eds.1995 ).

The Varanger Peninsula and th e adjacent Rybachi-Sredni

Peninsu las of NW Russia (Fig. 1) are important areas for un

derstand ing the Neop rot erozoic geology of the northern

Fennoscand ian Shield fo r several reasons.These areas are in

terpreted as the northwesternmost part of t heTiman - Kanin

- Varanger Belt and are the best exposed, and perhaps th e

most thoroughly stud ied, segment of this elongate tectonic

structure.A lithostratigraphy iswell established and suppor

ted by a fairly we ll known time-stratigraphy based on vari

ous techniques (see e.g. Siedlecka 1995a). Correlation bet 

ween the segments of th e strat ig raphic record has recently

been out lined (Sied lecka et al 1995a, 1995b, Sochava 1995)

(Fig. 2). Environments of depo sit ion based on sedimenta ry

facies analysis in th e various format ion s are fairly well

known.This is particularly true for the Varanger Peninsula .
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New research has also improved our understanding of the

nature of the sedimentary envi ronments in which the

Neoproterozoic successions of Rybachi and Sredni were ac

cumulated (Sied lecka 1995b).The geological history of this

area may therefore provide a useful reference frame for the

whole of the Timan - Varanger Belt, providing that also its

bedrock geoc hemis try is studied to some extent.

Whi le there are geochemical data available from th e

Rybachi and Sredni Peninsulas, relat ively little atte nti on has

been paid to the im portance of geochemistry of t he

Neoproterozoic rocks of t he Varanger Peninsula, for an un

derstanding of the palaeotectonic setting, nature of the prov

enance area(s) and the processes behind th e formation of

the strat igraphic successions. Some geochemical data from

th e Rybachi-Sredni areas have been published in Russian,

wi t h only two recent contributions in English (Siedlecka

1995a, Sochava 1995). On Varanger, wi t h one exception

(Siedlecka 1995a). geochemical data were non -existen t. For

this reason, th e majority of th e Neoprot erozoic formations

on Varanger Penin sula have now been sampled and so far

analysed just for major elements.The results have been stat

istical ly treated along with the available analyses from the

Rybachi-Sredni successions, and these are discussed jointly

in this paper.The geology of the discussed areas is shown in

Fig. 1,and Iithostratigraphies and cor relation in Fig.2.
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Fig. 1. Location map of the Va ranger-Rybachi-Sredni area (A); main geological units in the Varanger-Rybachi-Sredni area (B); geological map of the
Varanger (Cl.Rybachi and Sredni (DJ Peninsulas (based on Siedlecka 1995a, 1995b,Negrutsa 1971,Roberts 1995).

Our objectives are as fo llo w s: (1) to present, for the f irst

t ime, compreh en sive major eleme nt analyti cal data on th e

Neoproterozo ic successions of th e Varanger Peninsula; (2) to

compare these composit ions wi th th ose of the Rybac hi

Sredn i area; (3) to eva lua te th e useful ness of majo r elem ent

com po sition fo r a better understandi ng of t he nature of the

provenance area and basin development; and (4) to provi de

a reference fra me for furth er interpretat ion of t he develop

me nt of t he Timan-Varanger Belt in Neoproterozoic t im e.

Geological framework
Neo proterozoic successions of th e coastal areas of East

Fin nm ark (Norway) and no rt he rn coastal Ko la Peninsula

(Russia) occur in five separate reg ions (Fig. 1B):

(1) Barents Sea Reg ion (BSRJ, northeastern Varanger

Peninsula;

(2) Tanafjor de n -Varan gerfjo rden Region and Gaissa

Nappe Complex (TVR), southweste rn Varan ger

Peninsula;

(3) Rybach i Penins ula (RP);

(4) Sredn i Peninsula (SP); and

(5) Kild in Island (KI), no t included in th is study, a cor rela

t ive succession to that on Sredni.

The Neo proterozoi c stra t igra ph ic successions preserved in

th ese areas are separate d from each othe r eith er by faul t li

nes, e.g. th e Trollfjo rden-Komagelva Fault Zone (TKFZ) and

Sredni-Rybachi Fault Zone (SRFZJ,or geographically (Fig. 1).

Alo ng strike they exhibit sim ilar itie s in overa ll facies deve

lopment and thicknesses w hile acro ss the majo r fau lts, i.e.

acro ss reg ional deposit ional str ike, they are tota lly d ifferent.

A rift basin wi th a precu rsor fau lt to the TKFZ and SRFZ as the

rift margin- form ing str ucture has been suggested as t he sit e

of accumu lat io n of these successio ns: basinal (also referre d

to as m iogeocl inal o r alloch thonous) no rtheast of the fault ,

and pericratonic (autochthonous) southwest of the marg ina l

escarpment (Sied lecka 1975, 1985, Sied lecka & Robe rts

1995).

The Barents Sea Region com pr ises the most com p lete

basinal successio n, consist ing of two groups separat ed fro m

each oth er by a majo r angular un conform ity and having a

maximum th ickness up to 15 km . The lower, Barent s Sea
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Group is a c.9000 m-thick continuous succession commen 
cing with a submarin e turbid ite system and term inat ing with
fluvial and coastal deposits.The upper, Lokvikfjelle t Group isa

c.6000 m-thick succession of predominantly shallow-marine

sedimentary rocks (Levell 1978).The Rybachi segment of the

basinal succession consists of the cAOOO m-thi ck Rybach

inskaya Supergroup, whi ch is comparable to and suggested

to be stratigraphical ly correlative with the lowermost part of
the Barents Sea Group in the BSR ( the Kongsfjord Formation

(Fig. 2) (Siedlecka et al. 1995a). Both units represent sub

marine turbidite systems. The substratum of the basinal

successions is nowhere exposed and its nature may only be

interpreted from the petrographical and geochemical

composition of the Neoproterozoic sedimentary rocks.
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By contrast, the pericraton ic successions rest unconfor

mably on the older Precambrian crystalline substratum,

parts of whi ch constituted the obvious provenance area or

areas (Siedlecka 1995a).They consist mainly of fluvial, coas
tal, shallow-marine and delta ic deposits which, on Varanger

Peninsula and fu rt her to the west, include the Varangerian

glacial record . The pericratonic successions are characteri 

sed by several unconformities; the most pronounced of the

se are the pre-Ekkereya and pre-Smalfjord unconformiti es

on Varanger, and the pre-Volokovaya unconformit y on th e
Sredni Peni nsula (Fig. 2).l n spite of the geographical proxi

mity between the TVR and the SP (and Kildi n Island). a

st raightforward Iithost rati graphic correlatio n is not possi

ble. Strat igraph ic cor relat ion along st rike and across th e
marg inal fault zone is th erefore based on th e integrati on of

a variety of featu res and methods, primarily microfossils,

stromato lites, radiometr ic ages and field evidence (see

Sied lecka 1995 for referen ces).The importance of unconfor
mities cannot be assessed too lightly, particularly the 'mis

sing link' pre-Ekkereya unconformity in the Lille Molvik

Trollfj orden area (Rice 1994) (Fig.1C).

Material and analytical methods
Major element compositions of 461 samples of the Upper

Proterozoic sandstones, siltstones, clayey shales and carbo

nate rocks from the Varanger (231 samples) and Rybachi
and Sredn i (230 samples) Peninsulas are included in th is

stu dy. From Varanger, sandstones are represented by 129

samples, silt stones by 40, clayey shales by 46 and carbona te
rocks by 16 sampl es. The foll owing collections of samples

were used:
Varanger Peninsula: (1) 188 samples col lected by

A.Sochava und er th e guidance of A.5iedlecka, analysed by
using convent ional wet chemical analyses; (2) 34 samples
from th e Kongsfjord and Berlevaq Formations; and 9 sam

ples from th e Nyborg and Golneselva Formation s, all collec

ted by A.5ied lecka and analysed by the XRF meth od.

Rybachi-Sredn i Peninsulas: 216 samp les col lected by

A.5ochava and 14 by A.Siedlecka on Rybachi-Sredni,all ana
lysed by the XRF techn ique .

The analyses of the 188 samples collected on the

Varanger Peninsula constitute the core of th is contribution.
The analyt ical data have been listed in an unpubl ished
report (Siedlecka 1996). Results of analyses of the samples

collected previously by A. Siedlecka have been reported in

Siedlecka (1995a). The average major element compos i

tions of the main rock-types from the format ions on

Rybachi and Sredni have been presented in Sochava (1995).
The individual analyses from these areas have not been
published.

The mean compositions of th e samples from variou s
formations on Varanger Peninsula are shown in Tables 1

and 2, and of all samples used in th e cluster diagrams in

Table 3.
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Major element geochemistry:
classification plots and cluster
dendrograms
Sandstones were categorised by adopting th e chemical
classification diagram of Pettijohn et al. (1987).This classifi

cation has the advantage of defining the petrographic

names of different types of sandston e.We use these names

later in this paper while describing and discussing the che

mical characteris tics of th e analysed rocks.
The distribution pattern which emerges from the plots

(Fig.3) shows that th e sandsto nes range in chemical (i.e.min

eralogical) maturi ty from greywa ckes or arkoses to quartz

arenites.The sandsto nes of the Barents Sea Group (plot A)
seem to show a t rend of increasing maturity upwards in th e

st ratigra phic sect ion and,at th e same time,a disti nct decrea

se in relative sodium content. Sandsto nes of th e

Sandfjorden Formation of the l.ekvikfjellet Group exhibit the

highest mat urity in the BSR, while th e Berlevaq Formation,

which is thrusted upon the l.ekvikfjellet Group, is com para

ble in chemical signature to the Kongsfjo rd Formation.The

Tanafjorden Group comprises sandstones of moderate to
high matu rity, whi le the Vestertana Group in its lowe r part is

dominated by immature sandstones, especially the grey

wackes of the Nyborg Formation (plot B). Sandstones of the

Vadse Group show a clear bimodali ty in maturity with a pre
dom inance of subarkoses (plot C),wh ile the Sredni successi

on contains sandstones which exhib it a considerable scatter
(plot D). There is, however, a distinc t trend in the lower

Kildinskaya Group, from arkoses in the Pyaryajarvinskaya to

quartz arenites in th e Palvinskaya Formation.There is also a
second different trend from the lithic arenites of the

Poropelonskaya to the K-enriched arkoses of the Zemle
pakht inskaya Formation. Plot E shows the immatu re nature

of sandsto nes of th e Rybachinskaya Supergroup, compara

ble to th at of the Berlevaq, Kongsfjord and Nyborg
Formations (plot A). Interpretat ions of these distribut ion

patterns are presented later, along wit h a geochemica l sub

divi sion of the rocks as indi cated by cluster dendrograms.

Clayey shales were classified in ternary plots devised by

Golovenok (1977) (Fig. 4).The plots show that the shales fall

mainly within or close to the illite field. Some fairly clear de

partures from this pattern were revealed in the Batsfjord and
Tyvjofjellet Formations in the upper Barents Sea Group, in
the Tsypnavo lokskaya Formation on Rybachi and in the

Karujarvinskaya on Sredn i (Fig. 4).These deviations are ana

lysed later along with sandstones, with the cluster dendro

grams, and discussed in a wider stratigraphic conte xt.

The above classifications of sandstones and shales are

based on the use of ratios of only three or four elements.This

means that the majority of the analytical data and informa

tion provided by about 10 major elements are not included.In
order to fi ll th is gap we treated our data by applying a stat is

tica l cluste r programme. Cluster analysis applied to geoche
mical data is based on complete major element informat ion

and provides a tool for grouping together closely associated
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rocks as reflected by thei r chemical composit ion.

The analysed rocks cluster tog ethe r into several distinct

groups on the basisof their relatively close similar ity in com

positi on (Figs. 5 - 7). A decreasing degree of similarity is

shown by the stepwise higher level with in group distance

shown by the dendrograms.

Several characteristics of the studied rocks emerge from

an analysis of the cluster dendrograms (Figs.5 - 7).The mo st

conspicuous is the cluster ing of sandstones (Fig. 5).

Therefore,our analysis of the cluster ing patterns starts wi th
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(Golovenok 1977).
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that of the sandsto nes and is supplemented wi th the cluster

ing patterns of associated siltstones and clayey shales.

The majority of sandstones of th e analysed forma tions fall
into the supergroup 1, groups 1 - 3 (Fig. 5.).They represent

sandstones ranging from quartz arenites to arkoses,are char

acterised by usually high Si0 2, predominance of K20 over

Na20, Fe203 over FeO, fairly high Ti0 2 and mostly low MgO.

The second supergroup,groups 4 - 6,hascompared w ith the

first supergroup, a significant ly lower Si02 content , higher

Na,O, AI,0 3T and MgO. It consists primarily of greywackes.

The patterns for siltstones and clayey shales exhibit more
scatter and are clustering into eleven and seven groups, re

spectively. Interest ing ly, a com bined approach to the sand

sto nes,siltstones and clayey shalesas they occur in th e st rati-
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Fig.6.Cluster dendrogram for siltstones.
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graphic successions shows both some striking similari ties as
well as some anoma lies where simil arit ies could normally be

expected.The latt er deserve special att ention.This is part icu

larly tr ue for th e sandstone groups 2 and 3. Although there is
an overale pattern of clustering of the formations from the
basinal realm separately from those of the pericratonic

realm, there are also several examples of both realms being

represented in one cluster group. For convenience, in the ana

lysis which fol lows they are labelled (b) and (p). respective ly.

The Kongsfjord(bl, Berlevag(bl and Nyborg(pl
Formations, and the Rybachinskaya Group (bl
The Kong sfjord greywackes occur mostly in group 5 wh ile

those in the Berlevaq Formation and the Rybachinskaya

Group distinguish themselves by having maximum values

WITHINGROUP DISTANCE

0.03 0.06 0.09 0.12 0.15 0.18 0.21
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for Na20, CaO and AI203 and clu ster toget her into group 6

(Fig. 5).Silt stones associated wi th greywackes (Fig.6, part s of

groups 10 and 11) exhib it very high AI203conte nts.The maj

orit y of th e clayey shales cluster in group 1 (Fig. 7) and are

charact erised by maximum conte nts of Nap and MgO, high

FeO and CaO, low K20 and a signif icant predominance of

FeO over Fe203' These cha racterist ics do not deviate much

from th ose of th e greywackes with which the shales are as

sociated.However, in th e Kong sfjord Form at ion a bimodality

in the shale composit ion is registered (Fig.7). ln fact , the maj

ority of Kongsfjord shales cluster in group 7 comprising illitic

shales with high A1203, FeO and K20 contents. A similar bi 

modal distribution may be tra ced for the shales of the

Nyborg Form ation (Fig. 7, groups 2 and 4). The shales of

group 4 have a com position contrastin g w it h th e rem ainder

of th e fo rm ation by having min imal contents of AI203 and

Na20, maxima l MgO content and relatively high K20 .These

characte ristics are not di scernible on t he classif icat io n dia

gramme, Fig 3. In add it io n, shales of th e Nyborg Form at ion

Fig.7. Cluster dendrogram for clayey shales.

N GU - BULL 43 2,199 7 - PAGE 8 5

are usually red and show a predominance of Fe203over FeO.

They can be interpreted as illi t ic w it h som e chlo rite admix

ture, and are simi lar to t he shales of the Karujarvinskaya,

Tyvjofj ellet and Batsfjord Formations in te rm s of t heir high

MgO content. Shales with a hig h admixture of dol om it ic ce

ment and dolo mites are also present in th e Nyborg

Formati on (Table 1).

The Sandfjorden Formation(b}, the Tanafjorden
Group(p}, and the Veinesbotn(p}, Ekkeraya(p},
Stappogiedde(p}, Pyrayarjarvinskaya(p} and
Palvinskaya (p} Formations
Sandstones of thes e units are characterised by th e highest

contents of Si0 2, low contents of all other elem ents and a

predominance of K20 over Na20 (Fig.5, group 1).

The Vagg e Form ation differs from the remai ning format i

on s of th e Tanafjorden Grou p by bo t h t he presence of arko

ses with a high con te nt of K20 and of lit hic arenite with a

predominance of Na20 over K20 (Fig. 3B, Tab le 1). On the

WITHIN GROUPDISTANCE

0.03 0.06 0.09 0.12 0.15 0.18 0.21
I I I I I I r
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5andstones
Formation BerlevAg Kongsfjord BAsn",ringen Batsfjord Tyvjofjellet 5andfjorde n Veinesbotn Klubbnasen Fugleberget

Numb .of samples,---- 7 - 26 8 1 7 9 5 - 4 8
5i0 2 79.14 7.13 76.10 6.53 74.67 3.45 80 .84 77.37 5.07 93.95 1.63 97.38 1.37 82.82 7.13 82.82 2.13

Ti0 2 0.59 0.50 0.80 0.29 0.82 0.26 0.54 0.64 0.21 0.16 0.18 0.03 0.00 0.49 0.15 0.99 0.14
AI20, 8.25 2.66 9.71 3.00 10.14 1.87 6.64 7.26 2.47 2.45 0.67 0.70 0.44 7.01 2.73 6.00 0.57
Fe20 , 2.79· 1.05 5.04· 1.66 1.05 0.66 1.03 2.12 1.20 0.12 0.16 0.31 0.27 0.21 0.23 0.87 0.54

FeO 3.24 0.68 3.05 0.52 0.24 0.45 0.28 0.07 0.13 2.68 1.55 1.82 0.32
MnO 0.07 0.04 0.06 0.02 0.06 0.02 0.01 0.03 0.03 0.01 0.00 0.01 0.00 0.01 0.00 0.03 0.03
MgO 0.79 0.23 1.65 0.60 1.65 0.28 1.91 1.86 0.59 0.27 0.15 0.03 0.02 0.88 0.62 0.80 0.27
CaO 1.89 1.40 1.05 0.68 0.67 0.35 0.27 2.01 1.30 0.35 0.08 0.10 0.10 0.30 0.03 0.84 0.53

Nap 2.52 1.09 2.06 0.60 2.00 0.62 0.53 0.61 0.19 0.09 0.11 0.01 0.00 1.05 0.37 0.72 0.08
K20 1.12 0.64 1.37 0.79 2.71 0.68 2.52 3.49 1.03 1.08 0.46 0.39 0.31 2.65 0.71 2.84 0.30

Pps 0.07 0.05 0.13 0.04 0.12 0.03 0.11 0.10 0.04 0.02 0.01 0.03 0.00 0.12 0.04 0.13 0.02
LOI 2.06 1.16 2.02 0.66 2.79 0.50 2.25 3.50 1.08 0.75 0.20 0.23 0.06 1.47 0.84 1.75 0.80

Tot al 99.29 99.99 99.92 99.70 99.51 99.70 99.29 99.69 99.61

5andstones
Formation Golneselva Ekkeroya Gronneset 5tangenes Dakkovarre Gama sfjellet Vag ge Hanqteceerro Smalfjord : "

Numb .of sampl~ _ 3 1 4 1 5 4 3 3 3--- - -
5i0 2 90.44 5.74 92.65 87.81 8.28 95.18 93.58 3.36 97.58 0.20 80.43 9.86 95.97 2.13 82.26 2.20
Ti0 2 0.15 0.08 0.03 0.22 0.20 0.04 0.07 0.06 0.03 0.00 0.34 0.10 0.05 0.05 0.42 0.06

AI20, 4.38 2.70 1.75 6.37 4.73 1.35 2.49 1.61 0.79 0.67 5.82 4.55 1.46 0.99 7.30 1.17
Fe20 , 1.13· 0.23 1.04 0.31 0.35 0.94 0.35 0.30 0.01 0.00 5.66 5.12 0.01 0.00 0.78 0.16

FeO 0.80 0.23 0.17 0.10 0.35 0.40 0.10 0.00 1.49 1.04 0.10 0.00 1.79 0.21
MnO 0.02 0.00 0.09 0.01 0.00 0.03 0.02 0.00 0.01 0.00 0.07 0.07 0.01 0.00 0.02 0.00
MgO 0.21 0.09 0.49 0.20 0.19 0.05 0.17 0.13 0.04 0.00 0.47 0.25 0.08 0.07 0.98 0.11
CaO 0.03 0.03 0.97 0.16 0.03 0.05 0.16 0.09 0.14 0 00 0.14 0.00 0.14 0.12 0.32 0.08

Nap 0.60 0.28 0.10 0.83 0.60 0.39 0.32 0.13 0.02 0.00 0.41 0.35 0.09 0.07 1.26 0.17
K20 1.87 1.10 0.30 2.67 1.99 0.42 1.28 0.71 0.16 0.10 1.23 1.58 0.60 0.49 2.51 0.47

Pps 0.04 0.03 0.02 0.02 0.02 0.02 0.04 0.05 0.01 0.00 0.05 0.00 0.03 0.00 0.09 0.00
LOI 0.44 0.48 1.32 1.14 0.62 0.85 0.85 0.38 0.54 0.16 2.10 0.61 0.55 0.20 2.09 0.24

Total 98.19 99.56 99.97 99.42 99.68 99.43 98 .21 99 .09 99.82

dbeC b

dlarnkt ites

5 d

Fe total as Fe203

an stones ar on ate- anng san stones
Format ion Nyborg Mortensnes·· 5tappogedde Basnc.eringen BAtsfjord Tyvjofjelle t Fug le berget Dakkova rre Grasdale n

Numb .of samples . 9
-

1 4 1 8 1 1 1 1
5i0 2 72.02 3.04 71.22 89.08 6.61 63.95 66.55 10.61 78.00 64 .52 77.21 59.17
Ti0 2 0.80 0.09 0.48 0.18 0.12 1.23 0.41 0.14 0.51 0.99 0.06 0.02

AI20 , 11.47 1.32 9.78 3.60 1.33 6.75 6.11 2.18 4.82 6.73 1.43 0.49
Fep , 5.24· 0.75 0.95 0.46 0.58 0.61 0.64 0.50 0.59 1.99 2.6 1 0.01

FeO 2.27 0.39 0.26 3.35 1.72 1.27 0.90 1.91 6.76 0.10
MnO 0.08 0.01 0.07 0.03 0.00 0.43 0.09 0.04 0.09 0.25 0.58 0.01
MgO 2.17 0.42 2.42 0.69 0.90 5.14 3.82 2.55 2.89 3.72 1.99 9.19
CaO 0.57 0.25 2.22 1.01 1.74 5.70 7.35 3.15 3.80 5.91 0.42 11.68

Nap 3.24 0.79 2.00 1.01 0.52 1.40 0.60 0.26 0.60 0.82 0.13 0.18

Kp 1.16 0.60 2.46 0.99 0.42 1.17 2.58 0.72 2.34 3.15 0.70 0.14

P20S 0.09 0.21 0.09 0.03 0.02 0.48 0.07 0.02 0.06 020 0.11 0.01
LOI 2.66 1.40 5.77 2.34 2.47 9.78 10.06 3.74 5.80 9.79 7.27 18.78

Tot al 99.50 99.73 99 .81 99.99 100.00 100.40 99.98 99.27 99.78.. ...
5iltstones

Formation Kongsfjo rd BAsn",ringen BAtsfjord Tyvjofje lle t 5andfjorden Klubbna sen Ekkero ya 5tangenes Dakkovarre
Numb .of samples. 4 2 3 1 1 3 3 2 2--

5i0 2 71.27 2.03 67.18 59.77 9.33 59.89 77.20 63.38 4.67 73.99 2.07 68 .09 70.07

Ti0 2 0.79 0.07 1.04 0.67 0.15 0.81 1.33 0.82 0.14 0.49 0.20 0.64 0.69

AI2O, 12.51 2.43 14.33 11.53 2.40 13.69 8.37 12.65 2.00 12.39 1.64 12.38 14.58

Fe20, 0.78 0.31 0.47 3.24 1.62 4.49 0.76 0.84 0.48 1.91 0.38 2.97 1.05
FeO 3.59 0.61 5.85 1.77 0.68 1.90 5.02 5.78 0.60 1.86 0.36 3.89 2.33

MnO 0.05 0.03 0.09 OO n 0.05 0.04 0.04 0.16 0.24 0.06 0.04 0.11 0.02
MgO 1.77 0.29 2.43 5.49 2.81 5.23 1.27 3.08 0.89 1.19 0.13 1.50 1.17

CaO 1.40 0.75 0.55 4.20 4.17 2.22 0.28 1.93 2.60 0.22 0.17 0.35 0.21

Nap 2.43 0.65 1.69 0.35 0.16 1.08 0.06 1.91 0.08 1.22 0.27 2.19 1.83
K20 2.08 1.07 2.94 4.27 1.01 5.38 3.08 3.41 0.49 3.73 0.45 3.34 4.72

P20S 0.09 0.07 0.18 0.16 0.04 0.16 0.08 0.21 0.03 0.08 0.03 0.07 0.07
LOI 3.48 0.23 2.63 8.63 6.77 5.80 2.88 5.69 3.65 2.63 0.21 4.53 3.06

Tota l 100.24 99.38 100.14 100.69 100.37 99.86 99.77 100.06 99.80

5iltstones
Format ion Vagg,,---- Grasdalen Smalfjord'" Nyborg 5tappog iedde-

Numb .of samples. 2 2 5 - 1 5
5i0 2 73.33 64.43 68.86 4.71 75.58 68.59 2.06
Ti0 2 0.52 0.67 0.55 0.11 0.49 0.67 0.05

Alp, 13.06 13.48 11.97 2.00 9.39 12.87 0.63
Fep , 1.67 1.17 1.29 0.31 0.48 1.75 0.37

FeO 1.68 2.82 2.58 1.64 2.87 3.33 0.30
MnO 0.02 0.0 1 0.04 0.00 0.05 0.11 0.03
MgO 0.69 5.72 2.58 0.57 1.49 1.67 0.56
CaO 0.21 1.25 1.47 0.42 0.70 1.14 0.45

Nap 1.24 2.10 1.70 0.68 1.80 2.51 0.34
K20 4.35 2.84 3.18 1.47 3.08 2.68 0.55

Pp s 0.06 0.11 0.12 0.00 0.10 0.12 0.00
LOI 2.55 5.23 5.08 0.78 2.98 4.43 0.60

Total 99 .38 99.83 99 .42 99.01 99.87

Carbonate-bearino siltstones
Tyvjofjeller Grasdalen 5malfjord · ·

-
2 1 1

50.92 55.10 65.86
0.54 0.67 0.54
7.91 12.86 10.59
2.00 1.37 1.03
1.51 1.67 2.39
0.14 0.06 0.06
8.18 5.60 3.07
9.34 5.84 3.20
0.39 1.60 1.60
3.11 3.87 4.00
0.09 0.17 0.13

15.70 11.18 7.40
99.83 99.99 99 .87

Table 1. Mean composit ion of Upper Proterozoic sandsto nes and siltsto nes of th e Varanger Peninsula
(left values -averages; right values - standard deviations) (162 samples)



ANDREI V. SOCHAVA & ANNA SIEDLECKA

cluster dendrogram, th e lith ic arenite is similar to the sand

sto nes of th e Zemlepakht inskaya and Basnceringen

Formations (Fig.5).

Siltston es show similar characteristics to th e sandstones;

th ey are Si02 - rich, and low in AlP 3 and Na20, and th ere is
some variability in MgO conten t.The major ity of th e clayey
shalesassociated with th ese sandstones and siltsto nes are il
litic in com posit ion and exhibit high , or th e very high est re

gistered K20 contents and high A1 203. On th e dendrogram

(Fig. 7) they cluster mainly in groups 3 and 6, primarily be

cause of the differences in th e contents of CaO and MnO
(Iow in group 3) and of Ti02, Fe203 (high in group 6), Si02
and CaO (minima l in group 6). Shales of th e Sandfjorden

Formati on have the high est mean content of K20 and lo

west Na20 in th e studied set and plot in th e field of ill itic
shales (Table 1, Fig. 4). On th e cluster dendrogra m, two sha

les of th is formati on form a separate gro up 6 characterised
by high A1203, Ti02, Fe203and especially K20 (Fig. 8,Table 5).

These shales have the highest mean cont ents of LOI and

show a tendency to swelling similar to that seen in k-be nto
nit ic clays.

The sing le sample of siltsto ne, as with th e shales, has

high Ti02 and has th e lowest mean content of Na20 in th e
studied set (Table 1).

The Stappog iedde Form ation has a comp lex major ele
ment geochemistry. The sandsto nes range from fin e-grai

ned to coarse-grained subarkoses and sublithic arenites (Fig.
3).The sandstones have approximately th e same mean con

tent s of Na20 and K20 with a predo minance of the former in

one of th e samples,and th ey resemble some of th e samples

from the Stangenes and Kuyakanskaya Form ations.
Silt stones are distingui shed by th e highest Na20 mean con

tent in the set and show a similarity to some (the most poly
mict ic) of th e siltsto nes in the Pyaryajarvinskaya Formation

(Ta ble 1, Fig.7). Shales have relatively low AI20 3and K20 con

tents and are includ ed in group 1 on the cluster diagram
(Fig. 8). They are composi ti onally similar to shales of th e

Tsypnavolokskaya Form ation and th ere is also some similari

ty to shales of th e Rybachinskaya Supergroup and th e
Poropelonskaya and Kongsfjo rd Form at ions. The presence

of red beds in the Stappog iedde Formati on is reflected in

the predominance of Fe203over FeO in th e com posit ions of
sandstones and shales (Table 1).

The Basnceringen(b), Batsfjord(b) and
Tyvjofjellet(b) Formations, the bulk of the Vads0
Group(p), the Vagge(p), Smalfjord(p) and
Mortensnes(p) Formations and the
Poropelonskaya(p), Zemlepakhtinskaya(p),
Karuyarvinskaya(p) and Kuyakanskaya(p)
Formations
Gro ups 2 and 3 on the cluster d endrogra m for sandstones

emb race subarkoses to arkoses,subordinate sublithic areni

tes,and have a t ransit ional position between gro up 1 on one

side and groups 4 to 6 on the other (Fig. 5).The sandstones
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clustering in gro ups 2 and 3 are from parts of the stratig rap

hic sect ions in both basinal and pericratonic realms. When

analysing groups 2 and 3 of th e sandsto ne dendrogram in

combination wit h th e strati graphic posit ion of th e samples,
it appears th at th ey reflect, at least partl y, a distinc t geoc he
mical change (1) upwards in th e Basnceringen Formation, (2)

from th e Klubbnasen to th e Fugleberget Format ion and (3)
from th e Poropelonskaya to th e Zemlepakhtinskaya

Formation. The sandsto nes of th e lower Basnceringen

Formation,for example,represent greywackes similar to th o

se of the Kongsfjord Formation. Higher up, however, th e

Basnceringen sandsto nes are geochemically different: th ey

have higher K20 and Si0 2 conten ts and also higher MgO,
Fe203T and Ti02. The more K- Fe- and Ca-rlch varieties show

an aff inity w ith th e sandsto nes of th e overlying Batsfjord
and Tyvjofj ellet Formations,and thi s same feature app lies to

th e siltsto nes and clayey shales.On the other hand, the grey

wacke-akin sandstones of th e Basnceringen Form ation may
be geochemically loosely compared to those of the

Klubbnasen Form ation, and th ose wi th Kp>Na20 and

Fe203>FeO to th e Fugleberget Formation.The sandstones of

th e latter have th e highest Ti02 content in th e stu died set,

presumably caused by a concentration of heavy minerals 

prob ably t itanomagnet ite, ilm enit e and leucoxene. Silt
sto nes of thi s formation also have high Ti0 2contents (Table

1), and th ere is also some similarity to sandsto nes of the

Tyvjofj ellet and Pumanskaya Formations. Shales of the
Fugleberget Formation,on th e other hand,are distingu ished

by the highest mean contents of A1 203,Ti0 2, Fe20 3 and P20 S

and one of th e highest K20 contents in th e studied set

(Table 2).The notable predo minance of Fe203 over FeO dis
tin gui shes th ese shales from th ose in th e under lying

Klubbnasen Formation.
The Poropelonskaya sandsto nes show a very scatte red

patte rn of the major element compos it ions,while shales are

ill it ic with a Na-feldspar admixture comparable to the Group
1 shales of th e Kongsfjord Formation (Fig. 7). The

Basneerinqen subarkoses show an affinity with both the

Zemlepakhti nskaya and th e Kuyakanskaya Formations (Figs.
3 and 5, grou ps 2 and 3). Shales of th e overlying Zemle

pakht inskaya, on th e other hand, are akin to th ose of th e

Batsfjord-Tyvjo fje llet Form ation s in terms of K20 >Nap and
Fe20 3>FeO. In additio n, th e Klubbnasen sandsto nes, are si

milar to both th e Basnceringen and th e Zemlepakht inskaya

(and the Smalfjo rd) Formati ons with a disti nct predomi

nance of FeO over Fe203. On th e cluste r dendrogram th ey

appear in gro ups 2 to 4, ranging from arkosesto greywackes

(Figs. 3 and 5). Anoth er feature of interest is th e fairly high

conten ts of P20 S in shales of the Fugleberget Formation and

in th e siltstones of the Zemlepakhtinskaya, which are also
comparab le on other geochemical and sedimen to log ical
grounds (cf.Sochava 1995, Sied lecka et al. 1995a).

Dolomite-cemented sandsto ne with intraformational

clasts of sandsto ne from th e lowe r part of th e Basnceringe n

Formation have relat ively high cont ents of Ti02, MnO and
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P20 S (Table 1). Phosphate-bearing sandston es have been

described from this stratigraphic uni t (Negrutsa et al. 1995).

A high Ti02 content in siltstones of the BasnCEringen

Formation may reflect a concentration of heavy minerals.
Sandstones and siltstones wi th high contents of Ti0 2 are

known also from the Zemlepakhtinskaya Formation of the

Sredni Peninsula (Negrutsa 1971).

Arkosesand lithic arenites of the Batsfjo rd and Tyvjofjellet
Formations cluster in group 4.Those which have a conside

rable amount of carbo nate cement are excluded from th e

cluster dendrogram. The predominance of Fe203 in th e
sandstones, siltstones and shales reflect the presence of red

beds. Shales and siltstones usually contain an adm ixture of

carbonate (high MgO and CaO) and are comparable to those

of the Karuyarvin skaya Formation (Fig. 7, grou p 4).

Carbonate rocks (Ba tsfjord Formation : 3 samples of dolo

mite,one limestone and one dolomit ic limeston e) are usually

represented by interbedded thin layers of fine-grained car

bonate and siltstone and have a relat ively high admixtu re of
silica (Table 1).

Geological significance of the major
element geochemistry: source areas,
tectonics and palaeogeography
The cluster dendrograms, and partic ularly the one for sand

stones (Fig.5),will again be a start ing poin t in the discussion
which follows .The two supergroups emerging on th is den

drogram reflect (along wi th the statistical data on dend ro

grams for siltstones and shales) the presence of two major

associatio ns of rocks.

The first association may be interpreted as a product of

denudati on of the continental crust. It is most ly represented

by sediments occurring in the successions of the perlcrato

nic areas of the rift basin (TVR and SP).The second associa
t ion has a different geochemical signature, characteristic for

the basinal successions (parts of the BSR and RP). Rocks of
some formations, however, plot both in the fi rst and in the
second association , and obv iously grou ps 3 and 4 of the

sandstones represent an intermediate or 't ransitional' major

element geochemistry, which appears to have some strati

graphic impo rtance.Therefore, further on, we use the term
transitional because it reflects better the stratig raphic con

texts and is explained by changes of environmen ts of depo

sition and provenance areas wi th t ime. The arkosic
BasnCEringen Formation, for exampl e, is a large progradatio

nal slope-prodelta-delta plain succession (Siedlecka &

Edwards 1980, Siedlecka et al 1989) wi th a swich from a re

trogradational Kongsfjord - lowe rmo st BasnCE ringen deve

lopment to a prog radational trend higher up.Therefore, de

pend ing from which part of the Basneerinqen Formation, lo

wer or upp er, the samples were taken, they wi ll show simila

rit ies either to the Klubbnasen, considered to represent a

prodelta, as the lowe r Basneerinqen does, or e.g. to the
Zemlepakhtinskaya and Fugleberget Formation s, both of
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which are interpreted as delta front and braided fluvial plain

sedimen ts (Banks et al. 1971, Siedlecka et al. 1995a) as wi th

the upp er BasnCEring en Formation.

The geochemi cal changes also suggest the possibil ity of

a change in composi t ion of the provenance area, which

might have resulted either from a deeper level of erosion, a

change of direction of palaeocurren ts, i.e.direction of mate

rial supply, wh ich might have been caused by a tectonic

event and development of an unconformity. Interestingly,

the units w ith the transit ional majo r element geoc hemistry

wi thin separate successions (Poropelonskaya - Zemlepakh
tinskaya, Klubbnasen - Fugleberget, the BasnCEringen Forma

t ion and the uppermost Bargoutnaya Group (comparable to

the lower BasnCEringen Format ion)) appear to have a similar

stratigraphic posit ion (see Fig. 2).This in tu rn suggests that

perhaps there was just one part icular tectonic event in the

hint erland that led to changes in palaeogeography and,

consequent ly, influenced the distribution of the act ivated

source areas and intens if ied the sediment supply.

Quartz arenites, abundant in the first association (group
1 in Fig.5),may reflect both a deep weathering of source are

asand deg radat ion of the landscape,and the important role

of aeolian or wave breaker processesin rewo rking the clastic

material prior to the Neoproterozoic sedimentation. The

quartz areni te-rich forma tions , Le. the Hanqleceerro, Gamas
fje llet, and parts of Gronneset and Veinesbotn , were acc

umulated either as coastal sands and shelf blanket or as flu
vial mature sands and reflect, in general terms, a tecton ic

stab ility, penep lained landscape and a long-lasti ng rewor k

ing of the sediment.

Interpretation of the major element geochem istry of the

Ekkeroya Format ion remains uncertain.The single sample of

fine-grained sandstone wi th quartz overgrowth cement

plots on the boundary between quar tz arenites and sublith

ic arenites (Fig. 3). Siltstones have relatively high Si02 con

tents and are similar to th e siltstones of the Dakkovarre,
Vagge and Nyborg Format ions (Table 1, Fig.7).Mapp ing and
scdimentolog ical and biostrat igraphi c research have show n
that th e formation changes laterally in thickness and litholo
gy, that it accumulated in several different environments

and that it is separated from the subjacent and overly ing for

mat ions by unconformities (Johnson 1978, Vidal 1981) (Fig.

2). It may therefore be assumed that some relief rejuvenati

on and a period of both intens ified and diverse sedimentati

on took place before a majo r regression and pr ior to accu
mulation of the Tanafjorden Group.

Quartz arenites and arkosesare associated with unusua l

ly K20-rich clayey shales (the mean composi tion in several

formations is >6 % with a maximum of c.7.4 % in the

Fugleberget Format ion, see Table 2). A possible explanat ion

for this specific feature is the absence of vascular vegetat ion

on the Precambrian cont inents .This was the main reason for

the difference in weathering in the Precambrian, compared

to younger periods, part icularly the substantially lower mo
bility of potassium in the weather ing crusts which promoted
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hiClavev 5 a es

Formation Kong~fjord Bat sfiord I TY'yj~fj el1et Sandfjorden Klubbna sen Fugleberg et
I

Stang~

~~f samRles 13 2 3 S 2 2 4

Si0 2 56.65 3.63 58.37 55.39 1.89 54.84 5.31 56.78 48.29 61.85 3.09

Ti0 2 0.96 0.Q7 0.85 0.95 0.04 1.56 0.34 1.05 1.31 I 1.13 0.23

AIP 3 19.84 2.23 16.26 15.82 0045 20.82 3.35 19.25

I

22.26 19.79 2.20

Fep 3 2.20 0.70 2.92 6.35 1.00 4.93 1.96 2.08 6.64 1.74 0.31

FeO 5.17 1.20 3.26 1.54 0.22 1.36 1.04 4.61 3.03 1.66 1044

MnO 0.06 0.01 0.04 0.02 0.00 0.03 0.00 0.03 I 0.03 0.02 0.00

MgO 2.81 0048 5.07 5.07 0.04 2.38 0.68 3.17

I
3.39 1.25 0.30

CaO 0.84 0.35 1.25 1.53 0.28 0.64 0.56 0.31 0.51 0.32 0.10

Na20 1.79 0045 1.17 0.80 0.11 0.18 0.11 1.28 0.51 1.78 0.26

Kp 4.35 1.14 5.25 6.15 0.57 7.53 1.25 504 1 7.38 S.87 1.19

Pp s 0.10 0.05 0.12 0.17 0.04 0.21 0.13 0.19 0.22 0.11 0.04

LOI 5.06 0.84 5.54 5.72 0.75 6.30 2042 5.59 6.23 4.37 0.69
Total 99.83 100.10 99.51 100.78 99.75 99 .80 99.89

49.65 48.59
0.68 0.77

14.06 13.28
5.11 1040
2.57 4.37
0.05 0.09
7.00 6.90
4.31 ~19

0.35 1.82
6.00 2.73
0.15 0.15

10.68 12.95
100.61 99.24

Carbonate-bearina c1avev shales
~fj~-,__Nyborg__

1 2

hiClavev 5 a es
Formation Dakkovarre Grasdalen Nyborg___S_tal' p-"giedde

Numb .of samRles 1 1 4 6
Si0 2 60.29 62.52 59.01 1.00 60.86 2.14
Ti0 2 1.25 0.82 0.90 0.03 0.88 0.02

AIP 3 20.22 17.74 16.56 0.74 16.78 0.71

Fep 3 2.16 1.90 4.97 0.81 4.37 1.84
FeO 2.03 3041 2041 0042 2.92 2.01

MnO 0.01 0.02 0.05 0.00 0.09 0.05
MgO 1.72 2.68 3044 0.53 2.67 0.57
CaO 0.14 0.56 0.94 0.52 0.59 0.18

Na20 2.00 1.00 1.93 0.15 1.58 0.66
K20 6.67 4.00 5.06 0.33 4.12 0.37

P20 S 0.13 0.18 0.16 0.00 0.14 0.04
LOI 4.06 4.38 4.63 0.73 4.94 0.67

Tot al 100.68 99.21 100.06 99.94

Carbonat e rocks
Formation Batsfjord I Grasdal en Nyborg__

Numb .of sa mRles 6 I 8 2
5i0 2 3104 1 8.20 9.30 12042 14.82
TI0 2 0.35 0.13 0.09 0.14 0.22

AlP 3 6.08 2046 1.75 3.13 2.95
Fe203 0.98 0042 0.13 0.24 0.53

FeO 2.10 0.71 0.79 1.29 1.83
MnO 0.11 0.04 0.05 0.04 0.35
MgO 9.30 5.03 19.39 3.50 16.60
CaO 2004 1 2.80 26.14 6.09 23042

Na20 0.73 0.64 0.31 0.37 0.27
K20 1.83 0.91 0.71 0.86 1.05

P20 S 0.08 0.03 0.02 0.02 0.06
LOI 26.32 5.75 41.10 8.31 37.81

Total 99.70 99 .78 99.91

Table 2. Mean compositio n of Upp er Proterozoic shales and carbonate rocks of the Varanger Peninsula

the accum ulation of potassium-rich pelites of predomi nant

ly ill itic composi tion.The absence of vegetation on land was
at the same t ime the main reason for an extensive aeolian

reworking of clast ic material.The overall effect of these pro
cesses was th e accumul ation of widespread blanket s of

quartz arenites accompanied by siltsto nes and pelites enri

ched in fine-g rained potassic feldspars and micas (Sochava

et al. 1994). This app lies specifically to the Tanafjorden

Group.Another commonly suggested explanation for a high

K20 content in clayey shales is metasomatic enrichment of

clays in K20 during diagenetic processes (Sochava et al.1994
and references therein).This explanat ion appears to be the

most probable for the origin of the K-rich bentonitic clays in
the Sandfjorden Formation.

The second associatio n, comprising greywackes and lit

hic arenites is represented by the Rybachi nskaya Super

group and Kongsfjord , Berlevaq, Nyborg and Poropelon

skaya Formations (cf. the dendrograms, parti cular ly Fig. 5).
The remarkab le predominance of Na20 over K20, the high
content of MgO in sandstones and the overall geochemistry

of the shales are the geochemi cal signatures of this associa-

t ion.The known facts that in th e upp er conti nental crust the

contents of K20 and Na20 are app roximately equal,and that

duri ng weathering and t ranspor t of the siliciclastic material

th e relative amo unt of sodium can only decrease, suggest
th at sodium-rich, basic or intermedi ate rocks might have

consti tu ted th e source material. Uplift and denud ation of

sodium- and magnesium-rich rocks,such as e.g. those of th e

Lower Archaean Kolskaya Group of the Murmansk Block in

northern Kola Peninsula (Rundkvist & Mitrofanov 1988).may
offer a possible explanation . In addition, or alternatively,

intermediate to basic volcanic activity may have contri buted.

In either case, the explanation invokes tectonic activ ity in

the hinterland.

The similarities between the greywacke-rich lith ostrati

graphi c units, as shown by the cluster dendrog rams, has

been previou sly explained by the presence of a considerab le

volume of tu rbidites, Le. by a similari ty of sedimentat ion

mechanism which produced texturally and min eralog ically
immature turbiditic sediments. The turbidites of th e
Kongsfjord Format ion and th e bulk of the Rybachinskaya
Group accumulated on submarine fans at the foot of an
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S dan sto nes (Fiq.6)

-r- . No.gr~ 1 2 3 4 S 6
Num b.of samples. SS 30 46 11 24 SI

Si02 94.10 3.87 87.29 2.4S 80.32 3.34 70.3S 2.71 74.03 3.50 71.71 2.97
Ti0 2 0.08 0.09 0.30 0.21 0.68 O.3S 0.99 0.19 0.90 0.25 0.49 O.IS

A1203 1.81 1.38 5.24 1.31 7.05 1.36 12.47 1.36 10.37 1.81 12.56 1.77
Fe20 3' 1.13 0.99 2.14 0.77 3.06 0.97 5.69 1.08 5.46 0.98 3.90 1.09

MnO 0.02 0.02 0.02 0.02 0.04 0.03 0.05 0.03 0.07 0.02 0.05 0.02
MgO 0.25 0.26 0.53 0.33 1.07 0.56 2.12 0.30 1.86 0.58 1.53 0.46
CaO 0.37 0.53 0.31 0.18 0.88 0.81 0.59 0.46 0.97 0.57 1.84 0.78
a20 0.23 0.37 0.78 0.52 0.87 0.45 1.91 0.59 2.58 0.57 3.54 0.67
K20 0.62 0.50 2.01 0.67 2.88 0.57 3.02 0.52 1.30 0.45 1.93 0.76

P20 5 0.04 0.03 0.08 0.06 0.10 0.04 0.16 0.03 0.13 0.03 0.12 0.03
LOI 0.72 0.66 0.81 0.65 1.89 1.07 2.69 1.03 2.14 0.38 1.76 0.71

Tot al 99.37 99 .51 98.84 100.04 99.81 99.43

Siltston es (Fiq.7)
No.g rou p 1 2 3 4 5 6

Num b.of sampl es. 12
-

17
-

2 7 11 5
Si02 72.13 3.33 71.88 3.97 66.28 61.97 3.08 64 .04 3.22 65.59 2.62
Ti02 0.62 0.24 0.78 0.11 0.68 0.98 0.18 0.92 0.12 0.68 0.10

AI203 12.56 2.01 12.45 1.97 13.84 16.29 1.49 15.24 1.64 13.64 0.71
Fe 203 1.52 0.70 1.46 0.45 1.59 2.54 0.61 1.63 0.77 1.47 0.57

FeO 2.66 0.63 3.19 0.98 4.70 5.17 0.80 5.64 0.66 2.30 0.54
MnO 0.04 0.03 0.03 0.02 0.03 0.03 0.00 0.06 0.03 0.02 0.00
MgO 1.41 0.34 2.03 0.67 1.81 3.01 0.54 2.62 0.63 4.37 1.44
CaO 0.37 0.28 0.36 0.10 0.55 0.27 0.09 0.70 0.40 1.50 0.36

Na20 1.43 0.40 2.39 0.42 0.56 1.56 0.53 2.03 0.40 1.51 0.67
K20 3.86 0.58 3.03 0.74 4.28 4.64 0.61 3.46 0.46 3.54 0.84

P20 5 0.08 0.03 0.10 0.05 0.10 0.10 0.04 0.16 0.07 0.13 0.05
LOI 2.89 0.77 1.84 0.80 4.62 2.97 0.44 3.11 0.40 5.07 0.78

Total 99.57 99.54 99.04 99.53 99.61 99.82

No. group 7 8 9 10 11
Numb .of sam ples .

- - -
4 6 3 7 7

Si02 73.11 1.01 69.06 2.55 58.66 2.55 61.09 2.35 60.30 1.31
Ti0 2 0.63 0.23 0.72 0.08 1.15 0.06 1.03 0.28 0.94 0.25

AI20 3 10.20 0.47 12.42 1.04 16.72 0.36 16.78 1.27 18.17 1.85
Fe203 0.91 0.38 1.65 0.43 6.48 1.67 2.61 0.80 4.08 0.77

FeO 3.00 1.26 3.26 0.35 2.85 1.54 4.85 0.45 3.10 0.34
MnO 0.06 0.02 0.12 0.03 0.04 0.00 0.05 0.00 0.05 0.02
MgO 2.10 0.53 1.81 0.64 3.12 0.59 3.01 0.59 2.85 0.72
CaO 1.74 0.40 1.36 0.46 0.24 0.00 1.03 0.57 1.05 0.49

Na20 2.54 0.41 2.68 0.13 0.22 0.08 2.39 0.29 2.05 0.31
K20 1.48 0.53 2.74 0.53 5.93 0.63 3.44 0.38 4.25 0.84

P205 0.13 0.02 0.11 0.03 0.24 0.09 0.22 0.05 0.14 0.02
LOI 4.04 0.71 3.97 0.99 3.83 0.31 3.00 0.40 2.95 0.7 1

Tota l 99.94 99.90 99.48 99.50 99.93

Clayey sha les (fiq 8)
No.g roup 1 2 3 4 5 6 7

Num b.of samples. 21 12 10 12 4 2 13- -
Si02 58.70 1.78 61.40 1.72 61.65 2.26 58.38 2.31 58.93 1.34 49 .06 5322 3.16
Ti02 0.85 0.10 0.91 0.17 1.09 0.16 0.89 0.18 0.75 0.03 1.88 1.09 0.16

A1203 17.68 1.01 17.32 1.01 19.43 1.72 16.38 0.87 16.61 1.12 24.29 21.45 1.54
Fe203 2.63 0.95 2.81 1.18 2.10 0.82 5.57 1.41 2.17 0.20 5.84 3.28 1.59

FeO 4.87 0.84 3.56 1.66 2.44 1.15 2.19 0.81 5.76 0.63 0.63 4.49 1.32
MnO 0.09 0.03 0.04 0.01 0.02 0.02 0.04 0.01 0.34 0.0 3 0.03 0.04 0.0 1
MgO 3.36 0.62 2.66 0.39 1.45 0.37 4.13 1.10 3.25 0.34 1.77 3.02 0.49
CaO 1.08 0.53 0.81 0.40 029 0.13 0.84 0.51 2.00 0.85 0.28 0.61 0.31

Na20 1.89 0.48 1.67 0.66 1.57 0.59 1.02 0.59 1.67 0.03 0.16 1.34 0.51
K20 3.81 0.66 4.39 0.75 5.72 1.03 5.62 0.6 1 3.01 0.22 8.38 5.55 1.41

P20 5 0.14 0.04 0.16 0.05 0.08 0.05 0.14 0.03 0 .14 0 .04 0 .15 0.11 0.06
LOI 4.41 1.17 3.84 0.85 3.96 0.65 4.77 0.85 4.89 0.32 8.78 5.58 0.73

Total 99.51 99.57 99.80 99 .97 99.52 101.25 99.78

Table 3. Mean com position of sandstones, siltstones and shales included in cluster groups (379 samples)

active faulted escarpment at approximatel y the same t ime

(Siedlecka et al. 1995). This means that the basin and its

surroundings were tectonically act ive and that the act ivity

caused relief rejuvenat ion. Addit ionally, the geochemistry,
particu larly the high Na - K ratio (as compa red with the first

associat ion) may not only reflect erosion of a sodium-rich,

older Precambrian, up lifted cont inenta l crust but also of a

volcanite-dom inated mountain belt as e.g. the Karelian

Polmak-Pasvik-Pechenga Greenstone Belt (Siedlecka et al.

1995a).Moreover, it canno t be excluded that some peneco n

temporaneous basic volcanism may have contributed mate-

rial to these form at ions;and some of the older do lerite dykes

present in the lower Barent s Sea Group may have been

emp laced even before before the sedimentati on of the
Neoprotero zoic successions was com pleted (e.g. Holtedah l

1918, Roberts 1975, Rice & Reiz 1994).

The possib ility that a volcanic source rock may have con

tri buted clastic mater ial to thisassociat ion is supported by a

compar ison of the REEand Sc distr ibution in the greywacke

association with that in the quartz arenite - arkose associa

t ion (Fig. 8). The siliciclastic rocks of the Rybachinskaya

Supergroup and th e Kongsfjord Formation are characteri-
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sitc feature of Archaean rocks and post-Arch aean mantl e

volcanic rocks (Taylor & McLenn an 1985).

CIA (Chemical Index of Alte ration ) values of clayey shales

in th e two discussed sandstone-silt stone-shale associat ions

are mostly bet ween 60 and 70, w it h an average value of 66

(Fig.9).This is belo w th e average composition of shales from

th e four Meso- and Neoproterozoi c st rat igraphic intervals in

Russia (68-71,Sochava et al. 1994) and especially of average

shale (70 -75, Nesbitt & Young 1982).The lack of vegetation

on Precambrian land promoted the mechanical reworking

of c1asts, rath er than chemical alteration, in a desert-like

land scape. The Varangerian tillites provide evidence of a

cold clim ate du ring the deposition of at least the lower part

of the Vestertana Group, and th e average CIA value is 63.The

evidence of evaporiti c conditions in the Batsfjord Formation

(correlat ive to the evaporitic Karuyarvinskaya Formation on

Sredni , see Fig. 2) and in th e correlative to th e Grasdalen

Formation, the lower Porsanger Dolomite (Sied lecka 1975,

Tucker 1975). suggests a dry clim ate in at least parts of pre

Varangerian time.The CIA values for the Batsfjord rocks, ho

wever,are inconclusive.

The mat erial wh ich was redeposited by turbidity cur

rents obviously derived from an area w here a dry or cold cli

mate suppressed chem ical weathering. On ly in the

Rybachinskaya Group is there a trend of incr easing CIA valu

es stratigraphica lly upwards, suggest ing a gradual climatic

change (Fig. 9). For other turbiditic un its, e.g. Kongsfjord or

Nyborg, our data are probably insuffici ent. In summary, it

can be stated that att empts to decipher th e degree of

weathering by CIA alone are not ent irely sat isfacto ry.

<>:-. -. -
CV

4 52 3

La/Se

----

Some standarts
(Taylor, Mct .ennan. 1985)

(0 ~oen1~~R~T6rust
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CD quartz-poor

o ~~~~e~~~;nt
G) quartz-ric h

Ryb achin skaya SGr.
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zed by a lower La/Sc ratio and the presence of rocks in

which, in some cases, there is a slight positive Eu anomaly

(c.1.0 - 1.2).Thissupports the previous ly reported geochemi 

cal simi larity of the discussed greywackes wit h thos e accu

mu lated at an 'act ive' continental margin (perhaps an active

spreading zone and not necessarily a converging plate sce

nario ).The absence of a negative Eu anomaly is a characteri-

Fig .8. Distribution of REE and Sc in th e quartz arenite - arkose associati
on as com pared with th eir distribution in th e greywacke associat ion.
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The two types of shale in the Kongsfjo rd Formation

which are quite different in geochemical composition and

the presence of oligomictic sandstones among the grey

wackes might be considered as suggestive of the existence

of two different sources for th e siliciclasti c material. The

oligomictic sandstones may, however, represent submarine

channel-fill sands transported by traction cur rent s and

would therefore differ from the adjacent turbid ite bed s in

the ir high er textura l and chem ical maturity. In the Rybach

inskaya Supergroup, oligomictic sandstones (Tsypnavolok

skaya Format ion ) are also present which were depos ited on

a slope upo n the Rybachinskaya submarine tu rb id ite sys

tem , i.e. in a different environmental sett ing where tract ion

currents, rather than turbidity currents, were ope rating.

Therefore, on ly the contrasting chem ical composit ions of

the shales may be used to suggest a contr ibution of materi

al from different sources.

Turbidites of the Nyborg Formation are simil ar to the ot

her turbid ites in their major element composition. This for

mation, however, has a well-documented younger age than

the Kongsfjord Format ion (e.g. Vidal 1981, Rice 1994,

Siedlecka 1995a). It therefo re reflects a younger, Ea rly

Vendian episode of tecton ic activi ty and relief rejuvenat ion ,

perhaps related to the early stages of the Baikalian oroge nic

event which was respons ible for the fold ing and low-grade

metamorphism of the Rybachinskaya Supergroup (Negrutsa

1971, Roberts 1995) and even parts of the Barents Sea Group

in NEVaranger peninsula (Roberts 1996).

The composit ions of sandstones and siltston es of the

Stappogiedde Formation differ from those in th e other for

mations of the TVR and suggest that different pro venan ce

areas were involved. Sedimentolog ical research has show n

that cur rent directions in the Vestertana Group were qu ite

variab le, and both westerly and southeasterly provenance

areas have been sugg ested (Banks et al. 1971, Banks 1973)

for th e middle, lnnerelv Mem ber of the Stappog iedde

Formation, w hile the source area for the lower, Lillevatn
Member was located to the south. A north easterly source

area was reported for the upper, Mandrapselva Member, as

well as for the overlying Breivik Formation (Banks et al.

1971). It has been suggested that this particular sourc e area

could have been the rising topographic welt associated wi th

the Baikalian deformation front (Roberts 1996).

Conclusions
The Neoproterozoic sedi mentary successions of t he

Varanger, Sredn i and Rybachi Peninsulas are represented by

associat ions of rocks w hich differ from each other in or ig in,

including the composition of the provenance areas, mecha 

nisms of tran sport and environments of accumulation, and

these factors are reflected in their chemical composit ions.

Major element geochem istry may the refo re be used as

an add it ional tool for tectonic and palaeog eog raphic

reconst ructions. The pr inc ipa l results of this work on geo-

ANDREI V. SOCHAVA & ANNA SIEDLECKA

chemist ry are as follows:

1.There is a difference in composition of t he sediments in

th e two major tecto nic realms: (1) Southwest of the

Trollfjorden-Komagelva and Sredni-Rybachi Fault Zones,

in the pericratonic realm, the basin fi ll is represented

predom inantl y by siliciclastic sedi ments of the arkose 

quartz areni te comp osit ion, w hereas (2) th e basinal do 

main northeast of t hese faul t zones is characterised by

an abundance of greywackes and lith ic arenites.

2.There is a transitiona l signature in portions of the strat i

graphic successions suggest ing a change in the sedi

mentary environments, probably reflecting relief reju

venation in the hinterland and also changes in the

composi tion of th e source area.

3. Two geochemica lly different types of shale in th e

Kongsfjord Format ion are also suggestive of changes in

the areas from which the clasti c material was der ived .

4.One part icular shale in the Sandfjorden Format ion has

a bentonite-like composit ion w hich may indicate an in

flux of volcan ic ash or, alternatively, a metasomatic al

terat ion during diagenesis.

5.The comp ositions of Stappogiedd e Formation sandsto

nes and siltsto nes are different from those of th e other

forma tions of the TVR and, along with the palaeoc ur

rent patt erns, are sugge stive of chang ing provenance

areas wit h different locat ions.

6.The anomalously high cont ent s of K20 in some shales

and the usual associat ion of K20-rich shales wi t h quartz

arenites are expla ined by a low mobility of potass ium

due to the lack of vegetation and a cold and dr y clima

te.These featu res,alon g with the widespread occurren
ce of quartz erenltes, represent important differe nces
bet ween th ese Neopro te rozoic sediments and those

from the Phanerozo ic siliciclastic successions.
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