; Vol.17. No.5
?9%%?0 gﬂ HHEhE _ Oet. 1907

TGRSR R R AR S  REsL &
4 b AL

Sergei S. Sukhov
(REHFFUANTRE BREEFT ZHERTD)

[ABRE] FEAALRAER ST HAE &M, X R4000000km” KA £, BRI ML WEER
HARMRZ - EURR RS ARXRBENZ BRERRENREC. RRANRTERELK
MTRARBEMURERHEANEA. FREAN FAXRRENRREFINE, AHMKE-
BEREHRSTIRZRLE BANRKEHHRBATR. 4B HEK XARTTEHK
B ERZYHREERA XN ERREE BT HEGER, U RTIBREHES,
EXFRROHBHENTR LA - EERRARBEEAMBEN EERBE"RS,

HETHEEFIY, TREMBEERAFINEAERGHREFRIERY. REFRE10—15
£ B THERSRERBEERDBIFESHRR, B TREEDHIL. FIRELRH
BRMAHLREMYREBAMEHERCGEMU LHREH RN FEELRZIONER
FENE—WRE. R EBR LA H BRI ELE60 £ U5 W Grachevsky (19693 i , 28
J5 i Savistky (1979) 1l Astashkiu (1984) 3 /R 38 , 3 H oy R B V9 {71 3¢ $ir il 2 o TR IR0
Rep sy HE.

CAMBRIAN DEPOSITIONAL HISTORY OF THE
SIBERIAN CRATON:EVOLUTION OF THE
CARBONATE PLATFORMS AND BASINS

Sergei S. Sukhov
Siberian Research Institute of Geology,Geophysics and Mineral
Resources(SNIIGG&MS) ,Krasny Pr. ,67,630104, Novosibirsk , Russia

The Siberian craton or the anéient Siberian Platform covering more than 4 million sq
km is one of the major continental blocks in Northern Asia. It is marked by the extremely
wide areal extent and the complete Cambrian sequence. The Cambrian appears to compose
ubiquitously the lower sedimentary cover and be exposed within large positive structures.
(Fig. 1). In Cambrian this region was an area of dominant carbonate deposition ranging

from mixed carbonate-siliciclastic and evaporitic to reefal and deep basin ones. Various

© Financial support for this work was provided by Russian Foundation of Basic Research(grant # 94-05-17764)



28 gHENE ®
22 1] L1 108 0' 132 XY 158
K-ARA SEA | ARCTIC OCEAN
4
1J g
e —-\‘
r I\
N )
%
Sy’
\
en
< f NORILSK
< I ’
3 S48 X /3 <
A ".
* = *’“ & o=
» . ) S, ETY le
5 by (= < \.&
. u\,@ 9’ \14 . Py
) - [ \ 'o‘Un /
wizhnvay, 4 ~o _A\lu
= » XY ’
X w3 47
w ska \ e_," “w\ -
T * W :
e ~ o\ e @ YAOUTSK.
o~ ‘) r <% "
'7 o 5 L/D/A
- a
"‘ﬂ"ﬁ‘ 61 ,,
4
% AT NATE P
) . !
% /(4 -
v |lc ; B
54 ‘;c A paTKAL- LK : { rw" —L"
KEASHOYAR! TP e
- * ~ PATON 1 4_{0“’ Yy A
) UPLAND T ALA i we
7 5 0 rarncell
oS . I 0 VIR
¢’ ~/ A& = ‘J‘J:' {
Yro % Al r=
P “ -
4 ) R 300 km 32
IR : B
[ ik ,/

Tow 120 132

Fig.1 Location map showing the Cambrian exposed on the Siberian craton
and the largest present-day tectonic structures

lage-scale geological investigations aimed, first of all,at searching for hydrocarbons and re-
lated to the Cambrian stratification,paleogeographic and paleotectonic reconstructions,as
well as restoration of depositional environments have been persued in the area for more
than half a century. Nevertheless,they are still based mainly on conventional stratigraphic
“layer-cake” conceptions about the internal structure of deposits.

. The workers suggested essentially different reconstructions of paleobathymetry and
morphological history or placed no emphasis on these moments (Savitsky et al. , 1972,
1979; Pisarchik et al. , 1975; Kirkinskaya and Trunov, 1975; Kokoulin and Rudavskaya,
1985;Repina and Rozanov,1992;Kontorovich,1994,1995,and others). Only in recent 10—
15 years expansion of subsurface investigations coupled with dissemination of genetic
stratigraphy and basin analysis conceptions has alowed a possibility to combine into a uni-
fied system biota evolution,geometry and patterns of the sedimentary body boundaries and
their genesis and effects on various factors,such as,above all, relative sea-level fluctua-
tions. Such approach to the study of the region inherits ideas advanced by Grachevsky
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(1969) in late 1960s and then elaborated by Savitsky(1979) and Astashkin(1984). Its pur-
pose is to reconstruct dynamics in the development and infilling of the Siberian craton
basins.

Environmental stratigraphy and
facial zonation

Generally recognized facts are dissimilar material compositions and faunal characteris-
tics of Cambrian deposits from the southwestern craton and those from the eastern and
northwestern -parts of the craton,as well as a specific pattern of the so-called transition
zone which separates these two vast areas(and division of the Cambrian into three facial re-
gions ; Khomentovsky and Repina, 1965; Savitsky, 1972, 1979; Pisarchik .et al., 1975;
Kirkinskaya and Trunov, 1975; Chechel et al, 1977; Anon, 1983; Rozanov and Sokolov,
1984 ;Kokoulin and Rudavskaya,1985;Melnikov, Astashkin et al. ,1989; Astashkin et al. ,
1991; Repina and Rozanov, 1992; Pegel and Sukhov, 1996, and others). Furthermore, the
entire Cambrian succession is clearly differentiated into stratigraphically isolated formation
complexes which show obvious environmental and eustatic conditionality (Fig. 2). On the
south-west of the craton,where the total Cambrian thickness reaches 2. 5 km,the Lower
Camibrian and the lower half of Middle Cambrian exhibit prevalence of evaporites (halite,
dolomite ssulphate). Such composition, scarce findings, monotony,and endemism of fauna
are associated with sedimentation in the closed shelf and lagoonal environments(Zharkov,
1966,1970) ; Yanshin and Zharkov,1974;Pisarchik et al. ,1975; Chechel et al. ,1977,and
others). The overlying strata (Within upper Middle and Upper Cambrian) are composed of
many-coloured terrigenous-argillaceous-carbonate rocks of the subaerial plain and shallow
shelf (Zharkov et al. ,1982). ) .

Another forimation complexes are common to the Cambrian on the eastern and north-
western craton. It is rich in various fossils among which aboudant are cosmopolitical taxa
(Savitsky et al. ,1972;Anon,1983,and others). A three-member structure of the Cambrian
succession is quite evident there. The lower unit (Tommotian and Atdabanian,Lower Cam- -
brian) is composed of mottled bioturbated argillaceous limestone 150 — 200 m thick. The
middle unit (Botomian and Toyonian,Lower Cambrian and lower Middle Cambrian) in-
cludes dark mudstone to black shale not more than 50— 70 m thick. The upper unit consti-
tuting the bulk of the Cambrian sequence of the region consists of green-grey flyschoid sili-
cate-carbonate rocks (in the lowermost portion-red nodular carbonate). The stratigraphic
interval of the unit is represented by Middle (Mayan) and Upper Cambrian. Its total thick-
ness is up to one kilometer and more. The Cambrian of the eastern craton is usually consid-
ered to have been formed in the open sea environment. Maximum depths of its deposition,
however, are inferred to range from 100— 200 m and shallower (Khomentovsky and Re-
pina,1965;Savitsky et al. ,1972) to many hundreds of meters (Grachevsky et al. ,1969;
Savitsky, 1979;Sukhov,1982; Astashkin,1984).
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A relatively narrow belt-like zone that separates the regions mentioned above is char-
acterized by predominance of light algal,archaeocyathic-algal calcareous boundstones and
grainstones or dolomites. It is distinguished by a wide variety of its formations resulted
from its margin-shelf genesis,bilateral contact with sharply different formation complexes,
and displacement (mainly east- and northwards) with time. Maximum thickness up to 800
m is found in the stratigraphic interval from the Botomian base to the Amgan top,wher
the zone was a barrier-reef system (Savitsky,1979;Astashkin,1984;Rozanov and Sokolov,
1984).

Depositional history

The above facies zonation was retained in general terms during the entire Cambrian
(Fig. 3). Its initiation goes back to Middle-Late Vendian. At that time infilling of the
Siberian craton aulacogens was completed and deposition of the proper platform carbonate
portion of the sedimentary cover (Late Pre-Cambrian—Early Paleozoic) started. Since that
time evaporite sedimentation shows a tendency to be localized in the southe‘rn and south-
western parts of the craton,whereas open shelf one-in the eastern and northwestern por-
tions (Chechel et al. ,1977;Grishin et al. ,1987; Melnikov, Astashkin et al. , 1989). That
is ,initiation of future basins and carbonate platforms occurred.

Early Cambrian,Tommotian and Atdabanian

Evolution of architecture and depositional environments at the Vendian-Cambrian
boundary and during the earliest Cambrian,as well as geodynamics of the Siberian craton
and its immediate surroundings still remain rather obscure. Ambiguous correlations of dif-
ferent facies deposits and the absence of detailed depositional models make regional paleo-
reconstruction difficult. It is believed that,alongside with diastrophism,pulsatory relative
sea-level rising, which commenced since Tommotian,was of great importance for deposi-
tional history of the craton. The first high maximum of transgression took place at the
Tommotian/Atdabanian boundary (Fig. 2). It caused synchronous growth of organic
buildups within the inner shelf and along its outer boundary and deepening of the open’
shelf area. In Tommotian and Atdabanian times the greatest subsidence compensated by
cyclically aternated evaporites (halité-anhydrite-dolomite-silt)was common to the south-
western craton conjugated with its elevated rims (Figs. 3A,4A). Maximum salt saturation
of the Usol Formation (up to 45— 65% reaching 95% in individual members) is marked
just there. The highest areal extent of salt (up to 1. 5 million sq km) is found in lower Atd-
abanian (Yanshin and Zharkov, 1974 ;Pisarchik et al. ,1875,Chechel et al. ,1977; Zharkov
et al. ,1978,1982;Grishin et al. ,1987 ;Melnikov, Astashkin et al. ,1989). Along the north-
western and southeastern peripheries of the saliferous inner shelf or lagoon (on Nepa-Bo-
tuoba and Baikit anteclises, Bakhta megaswell, Suringdakon arch) the late Tommotian
peak of transgression culminated in the development of pioneer archaeocyathic-algal

buildups and reefs up to 130 m thick. These units overlapped by thick salt strata form the
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Fig. 4 Schematic cross-sections illustrating geometry and facies. Location of transects in Fig. 3
main part of the Osa producing horizon. In salt-free sequences the similar Tommotian-Atd-
abanian deposits,being frequently strongly dolomitized ,marked the outer boundary of the
inner shelf or outlines of incipient carbonate platforms,such as the gigantic Irkut-Olyokma
in the central craton, Turukhan on the north-west Kotuy-Anabar on the-north,and An-
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abar-Lena on the north-east. Vast areas,where mottled bioturbated argillaceous limestone
(Pestrotsvet Formation and its equivalents) containing no archaeocyathic-algal buildups is
widespread , mark areas of the open shelf paleodepressions, These depressions were later
transformed into basins (Yudoma-Olenek on the east and Khantaika-Olenek on the north-
west).

Botomian .

Since Botomian sedimentation regime changed considerably over the whole craton due
to significant sea-level rise of about 300—400 m (Figs. 3B,4B). The starved basins (Yudo-
ma-Olenek and Khantaika-Olenek) connected both with each other and with the ocean
have originated at where marginal open shelves with good water circulation were previous-
ly located. Dark laminated mudstone of low open shelves with good water circulation were
previously located. Dark laminated mudstone of low thickness (Kuonamka Formation and
its equivalents) was deposited there. Mudstone with black shale (locally containing phos-
phorite) accumulated in the inner parts of the basins, which were most remote from the
shelf margins and in close proximity to the continental slope (Bakhturov et al. ,1988). The
starved basins with the lowest thicknesses of up to 2—3 m were conjugated with carbonate
platforms which were contoured by thick (300—400 m) archaeocyathic-algal reef-buildups
of barrier type. Their extent from the south-east to the north-west exceeds 2. 5 thousand
km (Astashkin et al. ,1984).

It is most likely that in the time interval the previously single Turukhan-Irkut-Olyok-
ma (Western) facies region was divided and two independent carbonate platforms (Irkut-
Olyokma , with vast internal lagoon,and Turukhan) were isolated. These were separated by
the Tynep basin penetrated deep into the craton (Melnikov et al., 1989). This basin is
rather roughly delineated , particularly in its northern part,where it is assumed to connect
with the Khantaika-Olenek basin. The same is true to the Turukhan platform outlines.
Thin-bedded dark argillaceous-anhydritic limestone and dolomite were synchronously de-
posited on the drowned inner shelf of the Irkut-Olyokma carbonate platform, which was
transformed into a deep lagoon or interior basin. They were replaced by red silicate-en-
riched dolomite towards the western periphery of this water area and oolite-grained car-
bonate towards the back-reef zone of the barrier system. A good connection of the lagoon
to the open basins established in Botomian time is proved by similarity of trilobite com-
plexes from these areas (Rozanov and Sokolov,1984;Pegel and Sukhov,1996,and others).
Within the northern carbonate platforms, being less sizable than the Irkut-Olyokma-Tu-
rukhan,Kotui-Anabar and Anabar-Lena ones,dolomite deposition was dominant (Kostino,
Kyndyn Formations).

Toyonian and Amgan

On the whole,the same deposiional environments as in Botomian time were retained
during this period including starved basins,extended barrier reefs and inner shelf (Figs.
3C, 4C). Two phases are revealed in the evolution of this sedimentary system; Toyonian
marked by relative sea-level stabilization and its frequent fluctuations and Amgan with a
new pulsatory rise. The lowstand in Toyonian was responsible for deceleration of the up-
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ward reef growth,dolomitization and karsting as well as reef rim progradation,strengthen-
ing of bioturbation in the basin margins and on the fore-reef slopes. In the inner parts of
the starved basins argillaceous-cherty mudstones were mainly deposited. The inner shelf or
semi-isolated evaporitic basin,whose initial depth was probably 200— 300 m and then de-
creased ,was gradually being filled with salt and sulphate-argillaceous and silty dolomite.
During early Toyonian alongside with halite, potash salt was deposited in the lowerest
parts of the evaporite basin (Nepa depression; Chechel et al. , 1977; Mashovich et al. ,
1991 ;Petrichenko and Chechel,1991).

In Amgan reef upbuilding became more active accompanied by the ongoing deepening
of marginal cratonic basins and craton-penetrating starved basins (Astashkin et al. ,1984;
Baskhturov et al. ,1988,Melnikov et al. ,1989). Thicknesses of the Toyonian-Amgan cher-
ty-carbonate black shale reached 25 m only,whereas those of synchronous reef buildups of
the carbonate platform margins were as high as 600 m. Growth of the latter was accompa-
nied by progradation of the carbonate platform margins. The progradation was irregular
both in time and area depending on particular paleogeographic environments. It was con-
trolled, first of all, by directions in which fine silicate material was transported. Thus,in
this time interval the reef rim appeared to have prograded for about 70 km on the south-
eastern lrkut-Olyokma carbonate platform (Aldan R. and Lena R. ) and for a few tens of
kilometers,locally even less,on the northeastern platform.

All sedimentary environments experienced considerable displacements,dominantly to-
wards the east and north. Red silicate deposits ( Verkholensk Formation and its
equivalents) constantly advanced on the evaporitic basin or inner shelf from the west —
southwest,i. e. elevated craton rims. Areas of halite sedimentation were gradually reduced.
In Amgan it occurred chiefly in two separated areas —within the present Prisayan-Yeniset
and Angara-Lena troughs on the west and in the Beryozovo depression on the east.
Mayan

A sharp sea-level fall at the Amgian-Mayan boundary led to that vast areas of the
shallow inner shelf of the Irkut-Olyokma, Turukhan and, probably,other carbonate plat-
forms were exposed and transformed into subaerial plains (Figs. 3D,4D). The exposed car-
bonates of Amgan reef rims were partially dolomitized and karstified. Eolian supply of sili-
cate clastics from the southwestern craton rim became more active. Water circulation in
open basins was enhanced and resulted in that anoxic black shale sedimentation was imme-
diately replaced by deposition of red bioturbated nodular limestone like that from the
Olenek Formation. In Mayan delivery of abundant fine silicate and carbonate into the
basins promoted accumulation of mass-transport and mudstone deposits 800— 1000 m thick
which subdued previous submarine relief. Penetrating into the craton, relatively narrow
basins,like the Tynep one,were being filled with mixed halite-containing silicate-carbonate
rocks in early Mayan (Melnikov,Yegorova et al. , 1989). Later on these had ceased to ex-
ist and were overlain by supralittoral deposits of the Verkholensk Formation and its equiv-
alents.

Despite considerable supply of fine silicate material ,reef formation along the carbon-
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ate platform margins was being continued. It was rapidly prograding banks with shoals and
carbonate bars. Their thicknesses carbonate platform eastwards during Mayan ranged be-
tween 150 — 200 km (Sukhov, 1982; Sukhov and Pegel, 1986). It was, probably, just the
same in the northern direction inward the Khantaika-Olenek basin (Varlamov and Pak,
1993). Mayan strata overlying the carbonate platforms show extremely persistent thick-
nesses (around 200 — 250 m) and composition. They are composed of red siltstone, marl
and mudstone with sulphate nodules. It indicates that the region was tectonically passive at
that time and that sediments were accumulated in the supralittoral and coastal plain envi-
ronments. In the second half of Mayan increase in amplitude of sea-level fluctuations
caused frequent ingressions onto this plain.

Late Cambrian

A wide spectrum of depositional environments (from extremely shallow-water and
subaerial to deep-water basinal ones) continued to persist on the Siberian craton during
this time interval (Figs. 3E,4E). General morphostructural orientations alsp remained un-
altered. At the same time, however,the rate of basement subsidence in different parts of
the craton changed. Besides the southwesterrn craton adjacent to the elevated rim,down-
ward movements appeared to have been spread over vast expenses of the pericratonic
basins and carbonate platform margins. Relative upwarping of the central craton combined
with supply of abundant silicate-carbonate clastics into the basins contributed to continua-
tion of relief levelling at the carbonate platform margins,which had started in Mayan,and
to their transformation into a non-rimmed shelf (possibly,into a distally steepend ramp).
Another sedimentary complexes and morphostructure of margins were most likely to have
been formed on those sides of carbonate platforms to where unabundant silicate material
was delivered (southern Kotuy-Anabar platform) or where these margins 'merged with
continental slope during progradation (southern Verkhoyan Range).

In areas most distant from the craton center (Norilsk region,Kharaulakh Ridge,lower
Olenek R. ) dark argillaceous-carbonate ,occasionally cherty rock to black shale and distal
turbidite (Ogon’or,Chopko,and Kutugun Formations) were deposited. Their thickness is
about 300— 400 m. Many-colored mixed shallow-water to subaerial silicate-carbonate de- .
posits were simultaneously accumulated over a vast area within the craton. Like in Mayan,
-carbonate buildups and sand bars were developed at the outer shelf. Although lithological
complexes of the outer and inner parts of the craton are different,a phase of maximum
deepening at the Saksian Stage base is well pronounced in both (Pegel and Sukhov,1996).

Conclusions

Analysis of published materials coupled with recent data demonstrates that successive
changes of sedimentation regime in different parts of the Siberian craton,or Siberian Plat-
form, During Cambrian reflect a combination of both general evolutionary regularities of
the self-develped carbonate systems and specific ones resulted from more local paleo-
geographic and tectonic events. The most .essential sedimentation-controlling features

were :rather high rate of general tectonic subsidence of the basement,unabundand supply
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of terrigenous material chiefly from the southwestern rim,intense carbonate bioproduction
and evaporitic sedimentation on shelves synchronously, as a whole, with starved basin
regime. There is rather distinct interrelation between compositions and morphostructures
of sedimentary bodies and different-order relative sea-level fluctuations.

The Cambrian depositional history of the craton can be interpreted as a long-term tec-
tonically passive evolution in the arid low-latitude environment of conjugated intra- and
pericratonic basins and carbonate platforms. The origination of the system goes back to
Late Pre~-Cambrian and is,probably,initiated by tectonic events.

The carbonate framework morphology was evolving from single inner-shelf mounds to
gigantic carbonate platforms. Being most intense in Mayan, they successively prograded,
‘merged and transformed (in Late Cambrian) into non-rimmed shelves. The basins were
pushed towards the open craton margins. Great differentiation of the Mayan thickness and
composition within the craton were not controlled by its tectonic activization,as is the con-
vention,long-term deep subaerial erosion and unconformity. These phenomena were the re-
sult of a short-term fall of relative sea-level and its lowstand during Mayan as well as basin
infilling. It is also the reason that the hiatus at the Mayan basement which is believed to
exist over the most part of the craton appears to be absent.
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