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Abstract. The study area is part of the Anyui subterrane of tary deposits which form the cover of the Chukotka por-
the Chukotka microplate, a key element in the evolution oftion of the Chukotka-Arctic Alaska (hereafter Chukotka) mi-
the Amerasia Basin, located in Western Chukotka, Northeastroplate. The South Anyui terrane has a fold-and-thrust
Russia. The subterrane contains variably deformed, foldedtructure which has been modified by strike-slip faulting
and cleaved rhythmic Triassic terrigenous deposits which(Sokolov et al., 2001; Bondarenko, 2004). The Oloy and
represent the youngest stage of widespread marine deposy¥arakvaam terranes are chiefly comprised of island-arc rocks
tion which form three different complexes: Lower-Middle of Upper Paleozoic—Mesozoic age, which are thought to have
Triassic, Upper Triassic (Carnian) and Upper Triassic (No-formed along the active margin of the North Asian continent.
rian). All of the complexes are represented by rhythmic in- The South Anyui terrane is interpreted as a collisional
terbeds of sandstone, siltstone and mudstone. Macrofaunasiture resulting from closure of an oceanic basin and col-
are not numerous, and in some cases deposits are dated bigion, in Early Cretaceous time, between Eurasia and the
analogy to, or by their relationship with, other units dated Chukotka microplate (Seslavinsky, 1979; Fujita and New-
with macrofaunas. The deposits are composed of pelagiberry, 1982; Parfenov, 1984; Parfenov et al., 1993; Nokle-
sediments, low-density flows, high-density flows, and shelfberg et al., 1998). A rotational model (e.g., Grantz et al.,
facies associations suggesting that sedimentation was cori:990; Embry and Dixon, 1990), in which the Amerasia basin
trolled by deltaic progradation on a continental shelf and sub-of the Arctic Ocean opened by the rotational detachment of
sequent submarine fan sedimentation at the base of the contihe Chukotka microplate from the North American continent
nental slope. Petrographic study of the mineral compositiorand subsequently the block collided with Eurasia, has been
indicates that the sandstones are lithic arenites. Although theopular. Certain tenets of the rotational hypothesis, however,
Triassic sandstones appear similar in outcrop and by classifiare debatable, and alternative solutions have been proposed
cation, the constituent rock fragments are of diverse litholo-(e.g., Kuzmichev et al., 2006; Miller et al., 2006)

gies, and change in composition from lower grade meta- To test the rotational hypothesis, it is critical to establish
morphic rocks in the Lower-Middle Triassic to higher grade the initial positions of the terranes and unravel the tectonic
metamorphic rocks in the Upper Triassic. This change sughistory of the Eastern Arctic prior to the time of opening of
gests that the Triassic deposits represent an unroofing sehe Amerasia basin. For this purpose, it is important to study
guence as the source of the clastic material came from mor¢he Triassic deposits of Alaska, Arctic Canada, Chukotka,
deeply buried rocks with time. and Eastern Russian Arctic Islands. Unfortunately, the level
of knowledge about these localities is variable, which makes
their comparative analysis, and thus the elucidation of sed-
imentation patterns, paleogeography of ancient basins, and
paleotectonic reconstructions, difficult. The level of under-

The main tectonostratigraphic terranes of Western Chukotk#tanding of the sedimentology of the Triassic deposits is
are the Chukotka (Anyui and Chaun subterranes), Souttp00r. The composition and provenance of clastic material
Anyui, Oloy, and Yarakvaam terranes (Fig. 1; Parfenov etfilling the Western Chukotka sedimentary basin during Trias-
al., 1993; Nokleberg et al., 1994). The Anyui and ChaunSiC time has notyet been studied in detail, hence we set out to

subterranes are composed of Paleozoic—Mesozoic sedimefgliminate this gap in our knowledge. This paper presents the
results of a regional study of the Triassic Western Chukotka

sedimentary basin; we report on sedimentological, petro-
Correspondence ta¥l. I. Tuchkova graphic and chemical data from Triassic clastic sedimentary
BY (tuchkova@ginras.ru) rocks of the Anyui subterrane.
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Fig. 1. Location of the study area and the general tectonic framework of northeast Asia. (A) Major structural elements in Northeast Russia;
(B) Terranes of Western Chukotka according to Sokolov et al. (2001). The boxes show the study area shown in Figs. 2, 3, 6, and 9.
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Triassic terrigenous deposits are known throughout all We studied regional type sections whose sedimentologic,
of the western Chukotkan terranes, but are especiallymineralogic, and petrographic characteristics can provide the
widespread in the Anyui and Chaun subterranes of thebasis for interpretation and correlation with other sections or
Chukotka terrane. These terrigenous deposits are poor ifragments thereof. Our sedimentological study was based on
fauna, which are non-uniformly distributed, thus, their dat- the facies analysis method presented in Reading (1978) and
ing and stratigraphic subdivisions were high priority objec- Johnson and Baldwin (1986).
tives. The Triassic geology and paleontological localities in  Thin sections were point-counted by the petrographic
the study area are summarized in Fig. 2. method of Shutov (1967); 200-250 grains per thin section
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Fig. 2. Map showing the locations of Triassic faunal finds in Western Chukotka; the base map is is constructed on the basis of the Geological
map of the Russia, 1:500 000 scale (1995), with minor changes.

1 — Paleozoic rocks, 2-4 — terrigeneous rocks of Triassic age: 2 — Lower Triassic, 3 — Lower—Middle Triassic, 4 — Upper Triassic, Carnian
stage, 5 — Upper Triassic, Norian stage, 6-7 — terrigeneous and volcanic rocks of Upper Jurassic-Lower Cretaceous age: 6 — terrigeneous,
— volcanics, 8 — granitoids, 9 — diabases, 10 — faults, 11-15 — faunal localities: 11— Indian stage, 12 — Olenekian stage, 13 — Middle Triassic,
14 — Carnian stage, 15 — Norian stage.

were counted. To avoid the problem of grain-size dependent Macrofauna allow the identification of deposits of the In-
compositional variations, only the medium sand-sized frac-duan and Olenekian stages of the Lower TriasBms{do-
tion (0.25-0.5mm) was counted. The geochemical inves-nia cristophoriand Posidonia olenekensiBopow, P. sp.,
tigations were performed in the Geological Institute of the Claraia sp., Ammonitegyen. indet.; affOphicera3, and of
Russian Academy of Sciences, Moscow, in 2003—-2004. Mathe Middle Triassic (Tibilov et al., 1982; Bychkov, 1994a,
jor elements of bulk sample terrigenous rocks (Table 3) wereb). In recent years, the Middle Triassic deposits have also
analyzed by classical wet chemistry methods (e.g., Zolotareyielded palynological assemblages Biuspollenitessp.,
and Choporov, 1978) including the determination ofH, Callamosporasp., andPunetatisporitesp. (as determined
H.O~, Fe0s3, FeO, and, for several samples, £0 by M. N. Shelekhova and reported by Akimenko, written
communication, 1998, and Akimenko and Akimenko, 2000).
Representative sections of Lower-Middle Triassic deposits
2 Lower-Middle Triassic deposits of Western Chukotka  were studied in riverside cliffs of the Enmynveem, Kar-
alveem, Vernitakayveem, Lyupveem and Yanramkyvaam,
Lower-Middle Triassic deposits make up the central partsMaly Anyui and Urguveem rivers (Fig. 3). Based on this, the
of anticlinal structures or major tectonic blocks in the study Lower-Middle Triassic deposits of the Chukotka microcon-
area. The orientation of folds and tectonic blocks are con-tinent may be subdivided into four units (Fig. 4; Tuchkova
trolled by faults of north-northwest and southeast strike. Theet al., 2007) and have varying thicknesses. The thickness of
deposits have been affected by two or three stages of defothe Lower-Middle Triassic section on the Enmynveem River
mation. Their contact with the underlying Paleozoic rocks, does not exceed 1000 m, and in some sections it is less (400—
where observable, is either faulted or an angular unconfor600 m in the drainage area of the Vernitakayveem River;
mity. However, some data suggest that the Lower-Middle200—400 m in the drainage area of the Lyupveem and Yan-
Triassic deposits lie conformably on Upper Permian depositgamkyvaam rivers; 750-800 m on the right side of the Maly
(Yegorov, 1959; Bychkov, 1959; Til'man and Sosunov, 1960; Anyui River near the village of Ostrovnoe; and 150-200 m
Gel'man, 1963). in riverside cliffs along the Urguveem River). In some cases
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Fig. 3. Map showing the location of Lower—Middle units in Western Chukotka, Sign conventions and base map as in Fig. 2. Lithofacies
types denoted by roman numerals in circles.
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Fig. 4. Lower-Middle Triassic deposits of Enmynveem River. 1, 2, 3, 4 in the left — unit numbers, U — lithological composition of
units, F — facial interpretation of deposits, 1 — rhythmic alternation of mudstone and silty sandstone, 2 — silt-sandstone, 3 — sandstone and

silty sandstone, 4 — concretions, 5 — hemipelagic sediments, 6 — low-density flows, 7 — high density flows. Black represents hemipelagic
background sediments.
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it is impossible to assess the total thickness of the sectiodype 2 lithofacies
because the rocks are so heavily deformed and folded.

Type 2 lithofacies are observed in riverside cliffs and in talus
2.1 Types of Lower-Middle Triassic lithofacies in the upper reaches of the Vernitakayveem River and Tun-

. . ~drovyj Creek (Figs. 3 and 5 11). This lithofacies type also con-
Based on the character of sedimentation, we have definegsts of four units. Unit 1 is composed of matrix deposits, in

four types of lithofacies, which accumulated in different de- yhich thin (no more than 1-3cm) interbeds of silty sand-
positional environments (Figs. 3, 4, and 5). stone occasionally appear (Fig. 6); in some cases, the in-
terbeds are lenticular and have weakly erosional lower con-
tacts (Fig. 6).

Unit 2 is composed of a non-rhythmic alternation of mud-
stone and silty sandstone. The thickness of the silty sand-

(Figs. 3 and 4). Unlike the majority of Lower-Middle Trias- stone occasionally reaches 0.08-0.12m. Siltstone and silty

sic sections in Western Chukotka, deposits of this type Sec:sandstone, along ‘,N'th thg dominant mL_sttone, .make up
tion exhibit little structural reworking. Parts of sections of MeMbers 2-5m thick which alternate with massive mud-

this type (the upper part of unit 2 plus unit 3) are also foungstones that are 29—35,m thick. The ;iltstone is non-graded
in cliffs along the Karalveem River, near the town of Bilib- and equigranular; rarely, small, matrix-supported flat mud-
ino. stone intraclasts are found in the middle of siltstone layers.

The base (unit 1) of the type 1 section is comprised of he contacts betwgen thg beds are clear and conformgble.
occasionally al- Less common, lenticular interbeds are of small length, with

a thin, rhythmic alternation of dark gray, ; L L
most black, mudstone and greenish gray or gray siltstone antyeakly erosional lower contacts, and exhibit crossbedding in
some cases.

fine-grained sandstone (Figs. 51 and 7a). Individual mem- , ) i
bers reach 25-60 m in thickness and individual interbeds do UNit 3 typically has a reduced thickness of the mudstone
not exceeding 0.01-0.03 m. A few members contain isolated"@(rix and an elevated amount of sandy components. Sand-
lenticular interbeds of deposits of high-density flows, com- stones are normally graded, with erosmnz_al _Iower contacts.
posed of silty sandstone or sandstone (0.03-0.05 m) with disRarely, the base of sandstone layers exhibit current marks
tinctly erosional lower contacts (Fig. 6). and small flat rr_1udstone intraclasts. The sandstone members
Unit 2 is composed of alternating mudstone and silty sand-2"€ 12-15 m thick. . _
stone. The thickness of the latter, as compared to unit 1, Unit4is dominated by mudstqqe. Lgnhcular interbeds of
increases to 0.1-0.15m (Fig. 51, unit 2). Siltstones are nosilty s_andstone are sporac_ilc; individual interbeds have graded
graded and are equigranular and, in a few localities, smallb@dding and weakly erosional lower contacts.
matrix-supported, flat mudstone intraclasts are found in the We suggest that the deposition of the type 2 lithofacies
middle of siltstone layers. The contacts between the layers oProbably also occurred at the base of the continental slope,
different grain size are clear, even, and not erosional. Lenticand are interpreted to be more distal than the type 1 lithofa-
ular, silty sandstones interbeds from high-density flows oc-Cies. Because of this, high-density flows in the middle part of
cur less frequently and are of small length, with distinctly the section have lower erosional capability and are not thick.
erosional lower contacts and are crossbedded in some cases. ) .
Silty sandstones, together with the dominant mudstone makdYPe 3 lithofacies

up members 2-5m thick and alternate with mudstone up to , . . ,
20-35 m thick. Type 3 lithofacies are found adjacent to the Alyarmaut uplift,

in the upper reaches of the Vernitakayveem River (Figs. 3

In unit 3, the mudstone matrix become insignificant in _ )
thickness (up to 0.1-0.15m), while graded sandstones ingind 511). Primary sedimentary structures are hard to deter-

crease in thickness to 0.5-1.2 m (Enmynveem River) to 0 g_mine in these rocks. As a rule, this lithofacies is charac-

0.4m (Karalveem River). This unit is crowned by unit 4, terized by the predominance of a mudstone matrix, whose

which is also dominated by matrix deposits. Sandstone in.members (20-60 m thick) alternate irregularly with thin (5-

terbeds with cross- and cross-wavy bedding are occasionall%0 m) members CO”ta'”'”FJ interbeds of silty sandstone or
observed within them. Sandstone. Interbeds of silty sandstone commonly occur in

Based on the sedimentological evidence, type 1 lithofacieSUCCeSSIon, making up “merged” packages, in which sand-

are interpreted to represent submarine fan deposition at thatones are no thicker than 3—4.cm.

base of a continental slope. These strata likely the result of '€ deposition of the pelagic background of the type 3
submarine debris flow that originated from a river delta on lithofacies was occasionally disturbed. During catastrophic

the continental shelf. Occurrences of clastic strata increasefVeNts (storms or gales), great masses of terrigenous mate-
upsection between units 2 and 3. rial (silt and sand) were delivered into the basin in a sus-

pended form. We suggest that the depositional environment
of the matrix was located at the base of continental slope,

Type 1 lithofacies

Type 1 lithofacies are found in the upper reaches of Kru-
toy Creek, near its confluence with the Enmynveem River
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Fig. 5. Correlation of the four lithofacies units of the Lower—Middle Triassic sedimentary basin illustrating the distribution of the four
types of depositional lithofacies. 1 — mudstones, 2 — silty sandstones, 3 — mudstones-silty sandstones, 4 — sandstones, 5 — concretions, 6
erosive contact between different types of rocks. Lithofacies types are shown by roman numerals in circles. Black represents hemipelagic
background sediments.

far from deltaic depocenters, in more distal portions of the A reassembled, composite section consists of four units

marine sedimentary basin. with a total thickness of 500—600 m primarily of pelagic ma-
. _ trix. Unit 3, the sandiest one, is composed of a member some
Type 4 lithofacies 50—70 m thick, dominated by sandstone interbeds 0.3-0.5m

thick (Figs. 51V unit 3, and Fig. 6).

Type 4 lithofacies are found in small, isolated, erosional win- We infer that the deposition of the type 4 lithofacies oc-

dows along the Urguveem River and on the right side of :
S ) ) curred at the base of the continental slope, but close to a

the Maly Anyui River (opposite the village of Ostrovnoe) deltaic depocenter

(Figs. 3 and 51V). This lithofacies type lacks faunal dating P )

and is assigned to the Lower-Middle Triassic by analogy with The Lower-Mldc_iIe Trlassu:. d_eposns contain ubiquitous
deposits in more northern sections. carbonate concretions ¥2 cm; Fig. 6), whose number and

size increase (¥10cm) in the middle of the section. The
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most concretion rich interbeds are found in a section along
the Enmynveem River. In addition to carbonate concretions,
isolated, small and flat sulfide concretions are rarely found.
The sulfide concretions, as individual pyrite grains, are found
in the mudstones and the low-density turbidites.

2.2 The depositional setting in Early-Middle
Triassic time

Comparison of the sections studied suggests that the Lower:
Middle Triassic lithofacies types have similar evolutionary
patterns of sedimentation. Unit 1 is composed of low-
density turbidites with sporadic interbeds of high-density
flows. Units 2 and 3 are dominated by deposits of high-
density flows, alternating with a mudstone matrix, and Unit 4
is composed of dominantly of mudstones with sporadic thin
deposits of high-density flows. Units 1 and 2 are customar-
ily dated by some people as Late Permian—Earliest Triassic
unit 3 is dated as Early Triassic (Olenekian), and unit 4, as
Middle Triassic (Yegorov, 1959; Bychkov, 1994a, b; Aki-
menko and Akimenko, 2000).

Analysis of the mode of sedimentation indicates the ex-
tensive supply of clastics into a marine basin. It is well
known that the accumulation of thick sedimentary complexes
in marine basins occurs near mouths of large rivers (Rei-
neck and Singh, 1975; Selley, 1985; Reading, 1978). Of theFig. 6. (A) Alteration of low-density (LT) and high density (HT)
sections studied, only one contains a small-pebble conglomélow (turbidite) along the Enmynveem River, Lower-Middle Tri-
erate (Nomnunkuveem River; the section was reassemble@ssic formation. Photos by O. L. Morozov. (B) Low-density tur-
from hillside talus). In the rest of the Lower—Middle Triassic Pidite with intraclastes on the upper part of flow, Lower-Middle
deposits studied, only finer sediments are observed. Thesgiassic formation. Photo by O. L. Morozov. (C) Low-density tur-
circumstances may indicate that there existed a single palégldltes, Vernitakayveem River, Lower—Middle Triassic formation.

. - D) High density turbidites with erosive contact, Vernitakayveem
gtc::ijl;a:icresgstem, probably located in the eastern part of th iver, Lower—Middle Triassic formation. (E) Rhythmic alteration

- . . . of sandstones - silt-sandstones and mudstones, Maly Anyui River,
Sedimentological features of the terrigenous units suggestoyer—Middie Triassic formation. (F) Concretion in sandstone,

two stages of development of the deltaic system. The firsnmynveem River, Lower-Middle Triassic formation. Photo by
stage (the deposition of units 1 and 2) was characterized by, I. Tuchkova.

an extensive supply of terrigenous material from the con-

tinent and its delivery to the deepwater zone of the basin.

Weak coastal currents and the presence of a narrow shelf pre-

vented the redistribution of this material across the basin. A33 Upper Triassic (Carnian stage) deposits of Western

a result, the delta prograded across the shelf and abundant chukotka

sediments were able to reach and incise the continental slope.

Meanwhile, in the deepwater zone, a debris cone marking th&errigenous deposits of the Carnian Stage make up large do-

extension of the delta formed. mains of northwest-southeast strike and exhibit deformation

By the time of the second stage (the deposition of units 3at different levels. A number of researchers believe that Up-

and 4), the terrigenous material filled in the feeder channelsper Triassic deposits lie conformably on the Lower—Middle

and the frequency of high-energy flows decreased. Low-Triassic sequence (Ti'man and Yegorov, 1957; Sadovsky,

density flows, alternating with deposition of the mudstone1962; Natal'in, 1984). However, according to Solovyev

matrix, once again started flowing into the basin. This waset al. (1981), the contact between the Lower-Middle Trias-

probably the terminal stage of the functioning of the feedersic formations and the overlying Carnian strata is typically

channel and the development of the debris cone ceased Hulted (the drainage areas of the Urguveem, Mchvavaam,

the end of Middle Triassic time. and Yanranaiveem rivers), and only in the drainage area of
one of the left tributaries to the Maly Anyui River is a strati-
graphic contact with the underlying formations confirmed.
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Deposits of the Carnian Stage are faunally well dated.alternating with millimeter-scale mudstone interbeds, that
In the upper reaches of the Rauchua, Kytep-Guitenryveemoccur in successions that form sandstones-siltstones pack-
Maly Anyui, Maly Keperveem, Bolshoi Keperveem, Pog- ages 0.25-0.35m thick (Fig. 9a and b). The transitions be-
ynden, Pyrkanaivaam, and Nomnunkuveem rivers, abuniween the lithologies are sharp but with no erosional contacts.
dant casts oHalobia and ammonites of the gen&ren- The upper unit consists of an alternation of rhythmic strata
ites as well asAnaucella ussuriensigvor.), Gervilia sp. 10 to 15m thick; each stratum consists of an alternation of
indet., Pecten(Eupecteh aff. subhiemalisKipar., Oxytoma  mudstones (1.0-1.5 m thick) with rare interbeds of sandstone
sp. indet.Nuculasp., andsocrinussp. were collected; also  (0.35-0.45 m thick), with members (3.5-6.5 m) of rhythmic
tubularDentaliumbodies, fucoids, fragments 8entacrinus  silty sandstone (0.1-0.4 m thick) and mudstone units of equal
sp., casts of foraminiferglagrina sp. indet., and uniden- or somewhat smaller thickness. The mudstone units are
tifiable plant remains are found (after Yegorov, 1962, andtypically parallel-bedded, but occasionally they contain thin
G. I. Solovyev et al., written communication, 1979). (no more than 1-1.5cm) lenticular interbeds of siltstone.

Representative sections of Carnian deposits were studie@andstone units exhibit cross-, cross-wavy, and lenticular
in riverside cliffs of the Maly Anyui, Maly Keperveem, Mch- bedding, passing into parallel bedding; occasional signs of
vavaam, Urguveem, Karalveem, and Inseksveem rivers, irgonvoluted bedding within layers are observed. In some
the middle reaches of the Vernitakayveem River, along left-cases, sandstones interbeds have erosive lower boundaries
side tributaries of the Yanramkyvaam River, and in the up-with small, chaotically oriented oval mudstone intraclasts
per reaches of the Lyupveem and Kytep-Guitenryveem river§2x3x1cm). At the base of interbeds of this type, ripple
(Fig. 7). They are composed of rhythmically alternating in- marks are occasionally recorded. Silty sandstones are typi-
terbeds of sandstone, siltstone, and mudstone, whose propdgally massive and exhibit parallel, occasionally weakly de-
tions are rather variable. These deposits consist of two unitsveloped cross-, and cross-wavy, bedding and less frequently,
a lower shale, and an upper sandstone and silty sandstongtaded bedding.

Some researchers (e.g., Yegorov, 1962) subdivide the de- The observations suggest that the type 1 lithofacies of Car-
posits of the Carnian Stage into three units. The middle unithian age were deposited in an outer shelf environment, away
then consists of alternating sandstone, siltstone, and shal&om deltaic depocenters, to which sandy material was sup-
and the lower and upper ones are similar to those describegllied periodically after having been delivered by the delta to

above. the shelf of the marine basin. The increase in the amount of

The thickness of the Carnian deposits is hard to assesglastics in the upper horizon, most likely, indicates a progra-
because the rocks are heavily deformed. Based on data @tation of the deltaic system that supplied the clastic material.
different workers (Ti’'man and Yegorov, 1957; Ti'man and ~ Type 2 lithofacie®r its fragments are form riverside cliffs
Sosunov, 1960; Gorodinsky and Paraketsov, 1960; Yegorowalong the Maly Keperveem and Bolshoi Keperveem rivers
1962; Gel'man, 1963; Akimenko and Akimenko, 2000, etc.), (Figs. 6 and 811). The lower unit is dominated by mudstone
the Carnian deposits range from 700 to 2000-2500 m inmembers alternating with occasional thin platy interbeds of

thickness. pure or silty sandstone. This kind of alternation typically in-
cludes members 5—6 m, sporadically up to 10 m, thick. Silt-
3.1 Lithofacies of the Carnian stage stone interbeds have tabular bedding, although occasionally,

weakly developed lenticular bedding occurs. Siltstone in-

We can identify three types of lithofacies based on the modeerbeds are 0.05-0.15 m thick while mudstone interbeds are
of sedimentation in the Carnian (Fig. 8). 0.5-1.0 m thick. The upper unit has an elevated proportion of

Type 1 lithofaciesor fragments thereof, are described silty sandstone. The deposits consist of two types of rhyth-
from riverside cliffs of the Maly Anyui, Maly Keperveem, mic alternation of mudstones and sandstones with one or
and Karalveem rivers (Figs. 6 and 81). The lower unit is the other dominating. The first type, dominated by mud-
composed of mudstone with sporadic lenticular interbedsstones, form members 3—-5m to 15-20 m thick. The mud-
of siltstone. Mudstones are parallel-bedded and contairstones are dark and laminated; they are separated by thinly
some amount of millimeter-scale lenticular interbeds of morebedded silt and fine sandstone layers. The sandstones have
lightly colored siltstone. Subordinate interbeds of mediumvariable grain sizes and commonly display cross- and cross-
platy silty sandstone, 5-15 cm thick, are found. Some sandwavy bedding; sporadically, the thinner interbeds exhibit mi-
stone interbeds contain small lenses of mudstone, orientedroslumping structures and signs of contour currents. The
parallel to the bedding, weakly developed gentle crossbedbase of the sand interbeds commonly show evidence of inva-
ding and, rarely, elongated siderite concretionsZtm). sive, or flame structures; ripple marks on the soles of layers
Alternating mudstones and sandstones are represented loy signs of erosive action are also observed. The second type
two different types of members. Type 1 members are 5-of alteration is represented by units dominated by sandstone
6 m thick and composed of alternating interbeds of mudstonénterbeds 0.1-0.3 m, occasionally 0.5-0.8 m thick, and spo-
(2—-10cm) and sandstone. Type 2 members are 7—10 m thickadically more.
and consist of thicker (0.8—1.1 m) mudstones and sandstones,
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Fig. 7. Map showing the location of Carnian units in Western Chukotka. Sign conventions and base map as in Fig. 2. Lithofacies types are
denoted by roman numerals in circles.

The deposition of type 2 lithofacies is suggested to have All types of the Carnian lithofacies also exhibit carbon-
occurred at the base of the continental slope. Two differenfate concretions: medium size concretionsX¥&7 cm) are
genetic styles of sedimentation can be identified: the first —confined to the middle part of sandstone interbeds, whereas
a mudstone matrix, within which deposits of distal gravity small concretions (162x1.5cm) occur in various parts of
flows and bottom currents occasionally accumulated. Thesandstone and siltstone interbeds.
second consists of turbidity currents, alternating with a mud-
stone matrix. The sedimentation rate was high, as indicated.2 Depositional setting in Carnian time
by invasion structures at the base of sandstones. ) o )

Type 3 lithofacieswere identified in riverside cliffs of By the end of Middle Tr!aSS|c time, the contlnenta! slope be—_
the Mchvavaam River, left tributaries to the Yanramkyvaam ¢a@me gentler, and sediments that accumulated in the basin
River, in the upper reaches of the Lyupveem River, and onVere mostly cla_ys, v_\nth minor mixture of silty mate_rlal. At
the Kytep-Guitenryveem and Vernitakayveem rivers (Figs. 6the end of Carnian time, however, the hydrodynamic energy
and 811). The deposits are composed of tabular bedded mudef deposition bec_ame higher. Note that the th|c!<est turbld_lty
stone with sporadic, small (1-1.5 cm long) lenses of siltstonl0Ws are found in the upper part of the Carnian deposits.
(Fig. 9). Itis hard to divide type 3 lithofacies into units due ThiS suggests that the activity of the deltaic system, which
to their similarity. In some cases one finds an alternation of@d virtually terminated by the end of the Middle Triassic,
5-9 m thick members composed of mudstone, and 1.5-2.0 fesumed in the middle of the Carnian stage. In the southern
thick members composed of alternating mudstone with thinPart of the Keperveem uplift, there likely existed a deltaic de-
(2-3 cm) silty interbeds (Fig. 9). The siltstones sporadicallyPocenter, in which flow de.posns were W|despread..So_uth of
show weakly developed lenticular or normal graded bedding/t there acg:umulate'd _contlnental slope base deposits, includ-
and occasionally, weakly developed erosional contacts. ing b(_)?h distal turbldlte_s and deposits of contour currents.

The deposition of type 3 lithofacies occurred either in the Condltl_ons on the con_tlnental shelf and slope again allowed
most distal deepwater parts of the basin, at the base of thfr Sediments to pass into more deepwater zones.
continental slope, away from deltaic depocenters. This litho- The Carnian Deposits are characterized by sedimentary
facies is chiefly composed of a mudstone or siltstone matrix Structures typical of different parts of the base of continen-
The sedimentation was periodically disturbed by the deliverytal slope, at varying distances from major deltaic depocen-

of coarser clastics supplied by bottom currents. ters. The sedimentological features of the deposits suggests
the presence of one sand-rich fan system.
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Fig. 8. Correlation of the three lithofacies units of the Upper Triassic (Carnian) sedimentary basin, illustrating the distribution of types of
lithofacies. 1 — mudstones, 2 — silty sandstones, 3 — mudstones-silty sandstones, 4 — sandstones, 5 — concretions, 6 — erosive contact betwe
different types of rocks. Lithofacies type denoted by roman numerals in circles. Black represents hemipelagic background sediments.

4 Upper Triassic (Norian stage) deposits nas in the Norian deposits afdonotis represented by

of Western Chukotka Monotis ochotica(Keys.), M. planicostataEfim., M. scu-

tiformis Tell., M. scutiformis var. typica Kipar., M. eu-
Terrigenous deposits of Late Triassic (Carnian-Norian ageyhachisTell., M. pachypleurarell., M. jakuticaTell., M. ae-
also make up areas of NW-SE strike and are affected by dequicostataKipar. The other commonly encountered faunas
formation at various levels. Deposits of the Norian Stage,are Otapiria ussuriensis, Halobiap., Flagrina sp., Halo-
based on data of many researchers, occur conformablpia aotii Kob. at Ich.,Halobiaet. Ich.,Halobia kawadalich.,
on Carnian strata (Bychkov, 1994a, b; Gorodinsky andFlagrina sp., Oxytoma czekanowsKiiell., O. mojsisovicsi
Paraketsov, 1960; Sadovsky, 1962). However, there is eviell,, O. zitteli Tell., Pecten (Eupecten) subniemakgpar.,
idence of tectonic contact between Norian and Carnian depPecten (Eupectergx gr. hiemalis Tell., Pecten (Eupecten)
posits along some of the left tributaries of the Maly Anyui ex gr. suzukijKob., Pecten (Eupecten) suzukir. fujimoto
River (Solovyev et al., 1981). Kob., Palaeopharus burijiKipar., Modiola sp., Nucula sp.
In the Norian deposits, faunal finds are abundant and ubigindet.,Lima sp. indet. Pleuromyasp., and many others.

uitous; worm burrows and crawling trails are widespread. Representative sections of Norian deposits were studied
The most abundant macrofaunal finds were made in the loweinh riverside cliffs in the Pyrkanai Range, along the upper
reaches of the Rauchua River, on the Pogynden River, omeaches of Mchvavaam River, the Pogynden River, and along

the left bank of the Alyarmygtyn River and in the drainage left tributaries to the Kytep-Guitenryveem River (Fig. 10).
areas of the Pogynden and Mchvavaam rivers. Typical fau-
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Sedimentologically, the Norian deposits are almost in-
distinguishable from the Carnian, but they contain greater
amounts of sand-silt material. Deposits of the Norian stage
form two units: the lower consists of shale or mudstones and
siltstone, while the upper is dominated by siltstone and sand-
stone or sandstone alone (D. F. Yegorov and A. I. Afitsky,
written communication, 1966). Various authors (Ti’'man and
Yegorov, 1957; Ti'man and Sosunov, 1960; Gorodinsky and
Paraketsov, 1960; Yegorov, 1962; Gel'man, 1963; Akimenko
and Akimenko, 2000; etc.) have all estimated the thickness
of the Norian deposits to be about 1000 m.

4.1 Lithofacies types of the Norian Stage

Deposits of the Norian Stage exhibit three lithofacies types
(Figs. 9 and 11).

Type 1 lithofaciegFig. 11 1) are the least typical; they are
encountered in isolated exposures on southern and wester
spurs of the Pyrkanai Range, in the upper reaches of Mch
vavaam River, on the Irguneyveem River, and on left-side
tributaries to the Kytep-Guitenryveem River. They are typi-
cally composed of the alternation of two kinds of members.
One is composed of a matrix composed of a thin rhythmic |
alternation of silty sandstone (up to 1-3 cm thick) and mud- |
stone (1.5-2.0 m to 5-7 m thick). In the lower unit, members | &
of this type are dominant. The second kind of member, found
mostly in the upper unit, is composed of medium, platy sand- |
stone (0.2—-0.4 m thick) with convolute, cross-, cross-wavy, |
and lenticular bedding (Fig. 9e and f). Sandstone layers com
monly have erosional lower boundaries, tool marks, and soft| &
sediment deformation. The sandstone is fine-grained and vir 'ﬁ,‘ § P sE
tually not graded. Isolated measurements yield a NW-SE T "

Curre_nt d'reCt'c_m' Mudstone intercalations Commonly d's_' Fig. 9. (A) Interlayered fine-grained sandstone-siltstone and mud-
play ichnofossils. The most abundant concretions occur instone, Maly Anyui River, Upper Triassic (Carnian) formation; (B)
the mudstone matrix (41.5x0.5cm), but also in some sand |nterlayered fine-grained sandstone and turbidite, type 1 lithofa-
interbeds. cies, Maly Anyui River, Upper Triassic (Carnian) formation; (C)

The deposition of type 1 lithofacies occurred in distal partsMonotone alternating siltstone and mudstone, type 3 lithofacies
of the delta, with gentle slopes and the periodical depositiorMchvavaam R., Upper Triassic (Carnian) formation; (D) alternat-
of gravity flows. No signs of a large deltaic system have beerind mudstone and thin silty sandstone, type 3 lithofacies, Kytep-
discovered, thus, it is likely that clastics were supplied into Guitenryveem River, Upper Triassic (Carnian) formation; (E) In-

the marine basin by a few small deltas. Traces of one of théerlayered fine-grained sandstone/mudstone and medium-grained

. . . . . sandstone with convolute bedding, sandstone have erosive lower
inferred deltaic systems are established in the sections along . . . -
oundary, type 1 lithofacies, Irguneyveem River, Upper Triassic

the upper reaches o_f the Mchvavaam River a_”o_' on SOu'[her[‘f\lorian) formation; (F) Alternating fine-grained sandstone with
spurs of the Pyrkanai Range. Another system is inferred fromj, mudstone, type 1 lithofacies, Irguneyveem River, Upper Tri-
sections in the northern edge of the Alyarmaut uplift, in the assic (Norian) formation; (G) Thin rhythmically alternating mud-
Gnom Creek section. stones and siltstones, type 2 lithofacies, Yaranga Creek, Upper Tri-
Type 2 lithofacieFig. 111l) are observed in riverside assic (Norian) formation; (H) Alternating mudstone and rhitmic silt-
cliffs of right tributaries of the Pogynden River, in the upper stone, type 3 lithofacies, Yaranga Creek, Upper Triassic (Norian)
reaches of the Machvavaam River, on southern spurs of thérmation.
Pyrkanai Range, along a left tributary to the Vernitakayveem
River, and Yaranga Creek. Deposits of this type commonlyof sandstone or silty sandstone with erosional lower contacts
show thin rhythmically alternating mudstones and siltstonesare sporadic and thin (no more than 10-15 cm). Ichnofossils
or fine silty sandstones (Fig. 9g). In the upper unit, the con-are common, but they are smaller than in type 1 lithofacies.
tent of the silty-sand component increases. Silty sandstonekdividual small siderite concretionsxD.5x 1 cm) are com-
have laminate or weakly developed cross-bedding. Interbedmon.
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Fig. 10. Map showing the location of Norian units in Western Chukotka. Sign conventions and base map as in Fig. 2. Lithofacies types are
shown by roman numerals in circles.
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Fig. 11. Correlation of the three lithofacies units of the Upper Triassic (Norian) sedimentary basin. 1 — mudstones, 2 — silty sandstones, 3 —
mudstones-silty sandstones, 4 — sandstones, 5 — concretions, 6 — erosive contact between different types of rocks. Lithofacies types are give
by roman numerals in circles. Black represents hemipelagic background sediments.

The deposition of type 2 lithofacies occurred in zonestion of sediments supplied by deltaic flows and dispersed by
more distal from the prodelta, probably on shelf portions bottom currents.
with low hydrodynamic energy, allowing for the accumula-
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Type 3 lithofaciesare composed of a mudstone matrix are different: stage 1 terminated in middle Norian time, and
without the addition of silty material. This type is found stage 2 continued until the Jurassic. Based on the structure
in sections along the Kytep-Guitenryveem River, Yarangaof the Triassic sections we studied, three sedimentary cycles
Creek, and in the upper reaches of the Enmynveem Riveare identified in the region (Table 1): Lower—Middle Triassic,
(Figs. 9 and 111ll). The deposits consist of mudstone, withCarnian, and Norian.
sporadic, thin (no more than 1.5-3.0 m) members containing The same sedimentary cycles can be traced throughout the
silty sandstones interbeds which are occasionally lenticulastudy area, suggesting that there existed a continuous deposi-
(Fig. 9). The mudstones contain trace fossils and remains ofional basin in Western Chukotka. Based on the facies distri-
macrofauna, commonly both. butions, shallow-water domains prograded into deeper water

The deposition of type 3 lithofacies also probably occurredzones of the basin during the Triassic. The progradation of
in shelf areas with very low hydrodynamic energy. The the delta and shallow shelf resulted from the vast amount of
supply of siltstone or silt-sandstone material occurred veryclastic material supplied both from the continent. The deeper

rarely; siltstones forming the matrix were predominant. water facies may have been deposited in the most distal parts
of the basin, regions away from deltaic depocenters, or in
4.2 Depositional settings in Upper Triassic areas where clastic influx was reduced due to tectonic move-
(Norian) time ments on the shelf; these cannot be resolved with the data at
hand.

By the end of the Late Triassic, in Norian time, two types  Clastic material was delivered by a deltaic system that
of sediment, non-uniformly distributed, became widespreadmay have been located in the northeast of the study area, but
in the region. The influence of deltaic systems is recordedvhose position changed during the Triassic. The supply of
throughout the entire shelf zone; only a few deeper por-clastic material was not steady; at the end of Middle Trias-
tions were dominated by pelagic background sedimentasic and in the beginning of the Carnian and Norian stages,
tion. Sedimentation in the Norian occurred in a shallow this supply dropped so low that the basin was dominated by
shelf basin judging from the abundant trace fossils and varpelagic sedimentation. In the periods when the delta was ac-
ious macrofaunas. By the end of Triassic time, the amountive (Induan—Olenekian, Late Carnian, and Late Norian), a
of clastic material in the basin increased, and the predomvariety of voluminous flow deposits composed of sandstones,
inant sediments accumulating in the basin were rhythmicwere formed.
silty mudstones. Generally, the basin was dominated by A characteristic feature of the Triassic basin is that sedi-
sedimentation of lithofacies types 2 and 3. Type 1 lithofa- mentation appears to have been controlled by proximity of
cies formed within zones influenced by deltas, where sedideltaic depocenters and/or the width of the shelf. In Early—
mentation was controlled by flow currents. We conjecture Middle Triassic time, the shelf zone was narrow. Due to this,
that deltas were situated in two localities: one in the up-sediments accumulated on the continental slope, which most
per reaches of the Mchvavaam River and on southwesterfikely had an overall gentle gradient and numerous sediment
spurs of the Pyrkanai Range, and the other in the northwesttraps. In Carnian time the shelf zone considerably widened,
ern edges of the Alyarmaut uplift, in the middle reaches ofso that the shelf provided the site for accumulation of thick
the Kytep-Guitenryveem River. units of prodeltaic deposits. The continental slope became
sufficiently steep and with little relief, enabling sediments to
pass into deeper water zones and accumulate at its base.
5 Stages of sedimentation The southern boundary of the Western Chukotka sedimen-
tary basin is marked by the collisional suture resulting from
The principal stages in the geological evolution of the West-closure of an oceanic basin in Early Cretaceous time. The
ern Chukotkan passive margin in the Triassic have been refirst pre-collisional deformation were recognized by sedi-
peatedly addressed in the literature, but in different sourcesmentary and geochronological investigations and occurred at

the age boundaries between the stages are somewhat diffeghout 200 m.y (K-Ar and Rb-Sr methods; Tuchkova et al.,
ent. Some workers propose that the Triassic was a singleoo7).

sedimentary stage, from the Early Triassic to Late Norian,

during which the territory of Western Chukotka evolved as

part of a large basin (Gorodinsky and Paraketsov, 1960; Bon6 Mineralogy and chemistry of the rocks

darenko, 2004; Bondarenko and Luchitskaya, 2003). Oth-

ers divide the sedimentary history of Western Chukotka intoSandstone samples for petrographic analysis were collected
two major sedimentary stages: Early—Middle Triassic andfrom all the studied Triassic deposits. The compositions of
Late Triassic (Sadovsky 1962; Gel'man, 1963; Seslavinskythe sandstones were determined by analyzing 49thin sec-
1970). Bychkov (1991, 1994a, b) also advocates two mations of typical, medium grain-size (0.25-0.5mm) sand-
jor stages in the evolution of the Verkhoyansk-Chukotka fold stones. Because the samples were very different in grain-
belt, but the time boundaries of the stages in his scenariize, grains of 0.25-0.35 mm were counted to obtain average
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Table 1. Correlation of Triassic cycles of sedimentation in Western Chukotka by different authors.

AGE Gorodinsky and Sadovsky (1962), Bychkov This paper
Paraketsov (1960), Gel'man (1963), (1991, 1994a)
Bondarenko and Seslavinsky (1970)
Luchitskaya (2003),

Bondarenko (2004)

JURASSIC

Rhaetian ?

UPPER TRIASSIC  Norian
Carnian

Ladinian
Anisian
Olenekian
Induan

MIDDLE TRIASSIC

LOWER TRIASSIC

data. The modal composition of the sandstone was de- Qt
termined by point-counting. For each thin section, 100-

200 grains were counted and the grain type was identified 9
according to the following scheme (Table 2): 1. Monocrys- 80
talline quartz (Qm); 2. Polycrystalline quartz (Qp); 3. Clasts 70
with micro- and crypto-crystalline quartz aggregates were 60
counted as quartzo-lithic (chert-like) grains; 4. Potassium ARCOSIC 50 \50 LITHIC
feldspar including perthite, myrmekite, orthoclase, micro- ARENITES, ARENITES
cline (K); 5. Plagioclases (P); 6. Total feldspar (Ft), includ- f 70

ing grains of potassium feldspar, or plagioclase feldspar, etc.; () 80

7. Volcanic rock fragments (Lv), including clasts of quartz + \90

30

40

30

20

5

feldspar and quartz + feldspar + mica; 8. Fragments of sedi- “L \
mentar k h il ; F
y rocks as such as siltstone, sandstone and coal (Ls); 10 % s 70 60 50 40 % 20 10
10. Metamorphic rocks fragments (Lm), including metased- el 02 03
imentary fragments (because the cement of the fragments is
white mica with long mica flakes). Fig. 12. Mineral compoasition of Triassic sandstones in the Western

The Triassic sandstone and siltstone are very uniformChukotka. Mode diagrams according to the Pettijohn (1981) classi-
Macroscopically, these are compact, strong rocks of gray ofication diagrams. Q —total quartz, F —total feldspar, L — total lithic
greenish gray color. Fine-, medium-, and coarse-grained vafragments.
rieties are found. The modal composition of sandstones (Ta} — Lower-Middle Triassic sandstone, 2 — Carnian sandstone, 3 —
ble 2 and Fig. 12) corresponds to a lithic arenite according tg\orian sandstone.
the classification of Pettijohn (1975). Depending on the ori-
gin and age of the sandstone, they have different proportion§.1 Lower—Middle Triassic sediments
of matrix material. ) o ) ] )

Clayey rocks are represented by dark gray or gray vari-Lower-Middle Triassic sandstone is mostly fine-grained,

eties. Structurally, they are thinly bedded and, where mudWith @ considerable component of silt and a very small
stone alternates with silt laminae, lenticular or lenticular- @mount of coarse clasts (Fig. 13a). The proportion of ma-

bedded. Silt is found in mudstones of shallow-water prove-UriX 10 clasts s, as arule, quite high, 15-40% (Fig. 13b). The
nance. All Triassic rocks ubiquitously contain carbonate sandstones are poorly sorted and contain grains with variable

minerals, forming microlaminae or aggregates of irregulardegre.es of rounding. Qrganic _plant_fragments are distributed

shape. Rocks of the Norian Stage contain more carbonaté:,haOt'Ca”y or .along microlaminae in the rocks. The sand-

commonly in the form of diagenetic calcite cement. stones are uniform. Quartz accounts for 20-50%, feldspars
for 5-40%, and rock fragments for 30-70%. Feldspar in-
cludes albite, untwinned potassic feldspar, and occasionally

zoned oligoclase grains.
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Table 2. Mineral composition of Triassic sandstones of Western Chukotka.

No 1 2 3 4 5 6 7 8 9 10
Sample Number B1-3/1 Bl1-4 B1-4-2 329/3-3 B1-1/3 Bl/5-1 Bl/6 230/6 9913 421/1
Qm 14 15 15 5 14 22 65 26 21
Qp 6 2 4 2 1 3 4 7
Qt 20 17 19 7 21 15 25 65 30 28
Plagiocl albite-oligoclase 6 2 3 13 2 7 7
agloclase oligoclase-andesine 13 17 1 3 1 1 2 8
K-feldspar 8 9 12 2 1 7 4 9 9 17
Ft 8 28 31 3 4 23 7 18 16 35
L andesite -basalts 24 36 13 2 8 6 30
v acid effusive 1 3 7 5 5 15 4 2
silty sandstone 3 1 24 1 7 10 22 8
Ls sandstone 1
coaly rashings 1 9 7 3
mica schist 4 4 10 13 4
quartz-sericite schist 4 4 1 5 5 6
Lm gneiss 6 9 2 11 3 2 31 11 4
meta-sedimentary 5
chert 1 2 3
Lt 40 44 50 5 30 39 70 75 19 50
mica biotite 3 3
muscovite 3 3 1 11 2
other 3
Total 74 89 101 15 55 77 103 160 65 113
matrix,% 20 5 15 25 25 30 13 5 3 15
No 11 12 13 14 15 16 17 18 19 20
Sample number 9991/2 200/6a 200/9 GBzZ-1 GBzZ-2 201/5 9992/1 230/1 230/5-1 230/5-2
Qm 27 26 36 16 48 36 34 38
quartz
Qp 8 8 1 4 5 4 10
Qt 59 30 34 44 17 52 35 41 38 48
albite-oligoclase 5 3 18 3 6 3 7 8 12
oligoclase-andesine 2 2 2 4
K-feldspar 7 14 14 22 18 6 11 16 28 30
Ft 14 19 32 27 28 12 14 23 40 42
L andesite-basalt 11 2 3 12 8
v acidic extrusives 14 5 6 2 10 3 4 4
silty sandstone
Ls sandstone
coaly rashings 1
mica schist 8 1 12 4 6 4 7 9
quartz-sericite schist 2 4 8
Lm meta-edimentary 6 8 4 8 10 2 1 14 12
chert 5 22
gneiss 20 23 12 21 22 66 33 14 20 38
microquartzite
Lt 54 37 34 37 50 74 65 28 54 50
mica biotite 3 5 2 2 10 6 8
muscovite 4 6 1 7 4 5 4 4
other 11 3
Total 142 95 100 120 95 147 120 107 132 152
matrix, % 5 5 3 3 2
secondary
carbonate 20 3 25 2
cement, %
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Table 2. Continued.

M. I. Tuchkova et al.: Provenance analysis and tectonic setting of the Triassic clastic deposits in Western Chukotka

No 21 22 23 24 25 26 27 28 29
Sample number 328/3 328/7 203/1 203/4 203/6 207/7 207/9 456/4 453/4
Qm 50 10 12 12 70 42 41 17 69
Qp quartz 8 2 2 4 10 13 7 29 11
Qt 58 12 14 16 80 55 48 46 80
Plagiocl albite-oligoclase 6 2 2 2 12 6 15 3 7
agioclase oligoclase-andesine 14 10 14 4 3
K-feldspar 20 21 12 12 22 16 10 8 18
Ft 30 37 24 28 38 29 25 26 34
andesite-basalts 24 28 31 28 4 5 5 6 31
Lv acidic extrusives 8 10 6 4
QF 60 36
L Silty sandstone 1 4
S coaly rashings 1 2
mica schist 2 6 10 3 6 18
guartz-sericite schist 10 22 22 2 20
meta-sedimentary 6 4 8 10 5 8
Lm chert 1 2 2 4
microquartzite
gneiss 26 32 26 42 24 23 15
Lt 76 55 81 60 58 56 49 108 95
. biotite 4 4 2 10 5 1
mica muscovite 8 1 2 3 4 12 8
other 2 4 2 8 11
Total 178 109 106 130 190 143 131 201 228
matrix, % 5 2 3 2 3
secondary
carbonate 5 20 7 3
cement, %

Qm — monocrystalline quartz, Qp — polycrystalline quartz, Qt — total quartz=Qm+Qp, P — plagioclase, K — K-feldspar, Ft — total feldspar,
total of plagioclase, K-feldspar and very altered feldspar grains, Lv — volcanic rock fragments, andesite-basalts appear mostly in very altered
rocks fragments, Ls — sedimentary rock fragments, Lm — metamorphic rock fragments, QF — Casts of quartz + feldspar and quartz + feldspar
+ mica; Mtx — matrix.

1-11 — Lower-Middle Triassic sandstones: 1-7 — Enmynveem River; 8 — Urguveem River; 9 — Karalveem River, near Bilibino; 10 —
Enmynveem River; 11-25 — Upper Triassic (Carnian) rocks: 11 — Urguveem River; 12-15 — Karalveem River, near Bilibino; 16-17 — Maly
Anyui River; 18-22 — Urguveem River; 23-24 Ynseksveem river; 25 — 30 Upper Triassic (Norian) rocks: 25 — Ynseksveem river; 26-27 —
Glubokaya River; 28 — Pyrkanay Range; 29 — Irguneyveem River.

In terms of rock fragments, the sandstones fall into tworitized glass. In one sample (B1-3/1), sand-size grains of
groups by composition (Fig. 14). Group 1 (in low-density tuff (?) with chaotically arranged recrystallized ash particles
turbidite deposits; Fig. 13b) is dominated by quartz and frag-were found. The mica content is different in sandstones of
ments of metamorphic rocks, and group 2 (in high-densitydifferent provenance. Up to 8% mica is found in deposits of
turbidite deposits; Fig. 13a) by clasts of altered volcanics ofhigh-density flows. In low-density turbidites, the mica con-
mafic or mafic-intermediate composition with quartz not be- tent ranges from 0-1.5%.
ing a significant portion. Sand-size volcanic clasts consist of \jydstones from Lower—Middle Triassic deposits are, as a
fine- to very fine-grained groundmass aggregates; clasts qlyje, chiorite- and mica shales, occasionally with silty ma-
chloritized and non-crystallized volcanic glass are found aseyjal, Clastic grains are supported by the matrix. Among
well. All volcanic rock fragments, such as andesite-basaltgt-size grains, quartz, feldspars, heavily deformed micas,
are altered and usually consist of stable minerals with chlon clasts of metasedimentary rocks and microquartzites are
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Fig. 14. Ternary diagram Lv-Lm-Ls, showing rock fragment com-
position of Triassic sandstones of the Anyui subterrane. Apex com-
ponents are explained in Table 2. The data suggest two groups of
Triassic sandstones as discussed in the text.

poor to medium. In terms of composition, the sandstones
are rather uniform with quartz accounting for 30-45%, and
feldspar (albitic plagioclases) for 5-10%. Plagioclases are

Fig. 13. Photomicrographs of typical Triassic lithic arenites. (A) commonly monocrystalline, although they are also found in-
Lower—Middle Triassic volcanoclastic sandstone, type 1 lithofacies,tergrown with quartz £20-30% of the total plagioclase).
high-density turbidite, Enmynveem River. Detrital volcanic frag- Mica (muscovite and biotite) flakes are ubiquitous. Among
ments with a plagioclase phenocryst in plain polarized light; (B) rock fragments (55-60% of the total counted grains) in the
Lower—Middle Triassic lithic arenite, low-density turbidite, Enmyn- sandstones, clasts of gneiss, schist, mica schist, and metased-
veem River. Detrital grains are in the clay matrix. The contacts be‘imentary rocks are found. The greatest variety of rock frag-
twee_n graing are degrade_d, plain polarized Iight. (C) Carnian lithicents is observed in sandstones of type 1 lithofacies.

arenite, detrital quartz grain at the center showing small laths of au- As a rule, pure mudstone interbeds in the Carnian deposits

thigenic mica. A cl trix is lacking, Maly Anyui Ri d . . .
1genic mica, A ciay matrix 1S facking, Vialy Anyul RIVET, CTOSSEE. ¢ shelf and continental slope base settings are sporadic;

nichols. (D) Cleavaged Carnian sandstone, Maly Anyui River, plain N . 0 " . L
polarized light. (E) Typical Norian sandstone, Machvavaam River,they ubiquitously contain 5-10% of fine silt, consisting of

(F) Cleavaged organic-rich Norian mudstone and siltstone, Enmynp0|Y' and anOCWSta”ir_]e _qU_art_Z_and albite. In other _de-
veem River. posits, the silt content is insignificant. The clay fraction

consists of a micaceous mineral with 2-5% of mixed-layer
sheets. In same cases micaceous minerals and chlorite with
defects are observed.

found. In two samples from sections on the Maly Anyui and

Urguveem rivers, the mudstone contains recrystallized asl6.3 Norian stage sediments

particles forming microlaminae thicker than 0.5 mm within

the mudstone matrix. Compositionally, the clay mineral as-Sandstones and siltstones of Norian age are mostly fine-

semblage is uniform; it consists of illite and chlorite in vari- grained, with a high content of silt. The clay matrix ac-

able proportions. counts for 10 to 25%, occasionally more. Clastic material
is well sorted or, less commonly, moderately sorted. The
6.2 Carnian stage sediments rock-forming components are typically subangular and, less

commonly, semi-rounded (Fig. 13e). Clasts are composed
Sandstone of the Carnian Stage includes fine-, medium-, andhainly of quartz (30-45%) and rock fragments (35-55%).
coarse-grained varieties. A clay matrix is lacking or its con- The feldspar content is roughly the same (15-20%) in all
tent is insignificant, and only in interbeds in flow deposits at samples counted. Predominant rock fragments are granite-
the base of continental slope does the clay content increasgneiss, schist, chert, metasedimentary rocks, and volcanic
to 5-10%. The detrital material is, as a rule, well sorted or,clasts of intermediate and mafic-intermediate composition.
less commonly, moderately sorted and cleaved (Fig. 13c anflore mica is present than in the Carnian and Lower—Middle
d). The degree of rounding of the clastic grains ranges fromTriassic deposits.
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Mudstones of Norian age are equigranular; only mud- a) sio, °
stones from prodeltaic facies are have a high content of
structure-less organic matter, which in some cases is the ce-
ment for the clastic grains (Fig. 13f). The larger clasts con- sandstone
sist of quartz, sporadically albite, and stable rock fragments
(cherts, aggregates of quartz or felsic microquartzite), and
abundant grains of micas.

oligomictic
sandstones 2

polymictic
andstones

volcanomictic
sandstones

6.4 Source areas and geochemistry

Chemically, the Triassic sandstones are quite uniform; they
are not very high in Si@ and AbOs, which indicates a
polymictic composition of the rocks (Table 3). On classi- c
fication diagrams, the sandstones and siltstones are divided
into two groups, one of which is close to the average sand-
stone composition (Mason, 1971), and the other to the aver- (b)
age composition of intraplate basalts (Beus, 1972) (Fig. 15).
In the mineral composition discrimination diagram of Dick-
inson and Suczek (1979) for sediment sources, almost all
the data plot in the dissected magmatic arc and recycled
orogen fields (Fig. 16a). Thus, the clastic material of the
Lower—Middle Triassic units has two origins, a local volcanic
province and a metamorphic province.

By rock fragment composition, Lower—Middle Triassic
sandstones also fall into two groups: one is dominated by o oA 0 M0 s e 70 g0
clasts of volcanic and the other by clasts of metamorphic,
rocks. Lower—Middle Triassic sandstones typically contain
fragments of Weak|y metamorphosed rocks (Carbonaceougig. 15. (a)Triangular discrimination diagram for the sandstones
shale, phyllite) indicating that they were derived from the after Kossovs_kaya a_nd T_uchkova (1988). Chemif:al composition of:
erosion of metamorphic complexes. The clastic source forl — !_ower—MlddIe Triassic sandstones; 2 — Carnian sandstones; 3 —
Lower—Middle Triassic sandstones also had a contributionf\o"an sandstones. = . . .
from the erosion of altered intermediate to mafic volcanics.(b) (Na;0#K,0) ~ SIO, diagram showing chemical compositions:

U Tri . d hibi . d ibuti 1 — Lower—Middle Triassic sandstones; 2 — Carnian sandstones; 3
pper Triassic sandstones exhibit an increased contribution Norian sandstones. For comparison, the average composition of:

from highly metamorphosed rocks; they have an elevated, _ jyiraplate basalts (Beus, 1972); 5 — sandstone (Mason, 1971);
amount of crystalline schist, microquartzite, and schists, and — continental crust (Lentz, 2003); 7 — greywacke (Lentz, 2003);
in some cases gneiss is dominant (Fig. 14). 8 — Anyui zone diabase (Gel'man, 1963); 9 — Tunguska basin traps

X-ray diffraction study of the clay fraction of these sand- (Gel'man, 1963).
stones has detected the presence of a uniform assemblage
consisting of illite and chlorite. Both sandstone groups ex-
hibit high proportions of matrix. The matrix is a fine-grained  Provenance classification diagrams after Bhatia (1983),
brownish structureless mixture of clay minerals, ore dust, andising major element chemistry, show a wide distribution for
in places limonitized and unidentifiable clasts. The greatesthe Triassic formations and thus can not be used to uniquely
proportion of matrix is found in sandstones of high-density interpret the tectonic setting (Fig. 16b). However, two fields
turbidity currents. can be discriminated here as well; one ha®NaO<1 and

The Ti module (TiQ/Al,O3), reflecting the degree of ma- Al203/CaO+NaO<5. These ratios are considerably higher
turity of sedimentary material, remained almost the same(K20/NaO~1-3.2 and AfO3/CaO+NaO~5-15) in sand-
throughout the Triassic: 0.05-0.08 in Lower—Middle Triassic stones of the other field. Many sandstone samples with high
rocks and 0.04-0.07 in the Upper Triassic. The only excepK20 content (1.5-5.43%) contain abundant authigenic mi-
tion is the rocks in the drainage of the Vernitakayveem River,cas. Generally, from Early Triassic to Norian time, the sili-
where the Ti module is considerably higher: 0.11-0.15 incate component increases, and the mafic and Ti components
Lower Triassic deposits and 0.11 in Carnian ones. Consedecreases.
quently, the relative location of the sediment source is in- The compositional evolution of Triassic rock fragments
ferred to have remained virtually unchanged during all of thein the sandstones points to the erosion of a large metamor-
Triassic, and only in the drainage area of the Vernitakayveenphic complex composed of metasedimentary, metavolcanic,
River was the sediment source was much more proximal. and granite-gneiss rocks. The metamorphic rock fragment

€903 +Fe0+MgO+MnO+TiO, Aly03+Ca0+Na, O+K,0
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Table 3. Chemical composition of the Triassic rocks of Western Chukotka.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

T1-2 Ti2 T1-2 Ti12 Tiz Ti2 T12 T2 Ti2 Ti2 T1-2 T1-2 T1-2 Tsc Tsc Tsc

Type 1 lithofacies Type 2 lithofacies Type 3 lithofacies Type 4 lithofacies Type 1 lithofacies
Sample Number 329/1 329/2 329/3 460/7 460/8sh  409/2 404/3 405/4 406/3 40716 459/7-1 230/6 Av(12) 201/1 201/5-1 201/5
Siop 55.32 55.92 49.12 50.04 53.12 71.33 6755 47.81 67.68 59.67 83.64 75.7 61.4 54.16 77.18 7594
TiOy 1.54 1.25 1.19 2 1.33 099 098 171 127 0.98 0.82 0.74 1.13 0.99 0.77 0.59
Al»,03 13.42 15.58 12.03 13.53 15.21 12.07 13.46 16.6 11.13 17.92 5.4 8.66 12.91 19.83 9.51 8.68
FeO3 2.72 3.54 2.32 3.47 1.77 1.74 3.19 4.1 1.64 2.39 1.84 3.9 2.72 3.27 1.9 1.76
FeO 7.87 6.89 5.39 9.7 8.73 419 362 883 6.4 3.96 1.29 1.84 5.73 6.11 2.52 2.95
MnO 0.11 0.08 0.11 0.17 0.24 0.04 0.05 0.11 0.06 0.07 0.02 0.09 0.096 0.08 0.07 0.1
CaOoO 3.45 1.97 11.8 5.84 3.67 0.61 0.96 4.29 1.07 1.4 1.06 <0.10 3.28 0.45 0.26 1.06
MgO 5.4 3.82 2.81 7.23 4.41 1.84 176 449 3.63 2.61 1.17 1.16 3.36 3.72 2.58 2.34
Na,O 2.36 2.17 2.32 1.74 2.67 3.55 0.49 2.47 2.17 7.67 1.56 1.3 2.54 1.04 1.9 1.42
K20 0.64 2.05 0.67 0.07 1.38 0.7 251 1.24 0.22 0.42 0.69 111 0.98 2.87 1.06 0.9
P,05 0.18 0.25 0.18 0.19 0.19 0.15 0.2 023 0.17 0.18 0.34 0.13 0.20 0.28 0.14 0.13
loss on ignition 6.48 6.12 11.91 54 6.55 2.47 4.67 7.38 3.95 2.04 1.62 4.77 5.28 6.74 2.2 3.49
Total 99.49 99.64 99.85 99.38 99.27 99.68 99.44 99.26 99.39 99.31 99.45 99.4 99.46  99.54 100.09 99.36
CO, 1.54 1.04 9.31 0.83 2.17 027 024 208 0.34<0.2 0.48 2.58 nd. <0.2 0.46 1.33
H0- n.d. n.d. n.d. 0.16 0.22 n.d. n.d. n.d. n.d. n.d. 0.1 n.d. n.d. 0.42 0.17 0.22
H,0+ n.d. n.d. n.d. 3.89 3.8 n.d. n.d. n.d. n.d. n.d. 1.02 n.d. n.d. n.d. n.d. n.d.
No. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Tac Tac Tac Tsc Tac Tsc Tac Tac Tac Tac T3n T3n T3n Tan T3n

Type 1 lithofacies  Type 2 lithofacies Type 1 lithofacies Type 1 lithofacies
Sample Number ~ 422/z  400-3-2  328/zr 200/9  411/1-1 414/3 414/7 417/4 417/6 Av(1l)  454/3 454/2sh K-04-43 453/1  453/2a
Sio, 67.72 70.85 74.7 68.53 59.96 76.46 76.97 739 68.18 70.38 71.82 62.04 67.68 71.3 57.23
TiO2 0.73 0.55 0.67 0.77 1.19 0.56 0.6 0.58  0.68 0.72 0.82 0.93 0.82 0.63 0.91
Al,03 12.68 9.29 10.8 11.9 18.66 523 9.67 943 1146 11.43 10.9 16.5 13.08 10.42  20.24
Fe,0O3 1.04 4.12 2.14 2.06 1.47 1.73 2.54 1.93 2.35 2.19 2.63 4.07 1.67 0.63 2.82
FeO 3.88 3.97 2.2 6.36 6.12 435 269 247 425 3.99 2.52 1.94 3.9 6.48 4.05
MnO 0.07 0.13 0.09 0.13 0.06 0.06 0.04 0.03 0.03 0.074 0.05 0.05 0.15 0.13 0.08
CaO 1.98 1.25 0.56 1.2 0.37 182 023 131 082 0.94 0.56 0.56 0.56 0.87 0.31
MgO 2.18 1.69 1.3 1.94 2.23 1.62 1.15 1.1 1.36 1.93 1.21 1.41 1.38 1.56 2.13
NaxO 1.05 1.52 2.52 1.52 0.7 0.27 0.97 2.1 2.34 1.45 1.17 1.02 1.19 1.71 1.03
K20 1.93 0.77 1.33 1.16 3.64 0.65 148 0.99 135 151 1.51 2.49 1.78 0.97 33
P05 0.13 0.15 0.15 0.17 0.2 0.11 0.14 0.15 0.14 0.16 0.08 0.09 0.11 0.17 0.23
loss on ignition 6.16 5.13 3.09 3.92 5.03 657 299 554 673 4.80 6.3 8.2 7.55 4.51 7.15
Total 99.55 99.42 99.55 99.66 99.63 99.43 99.47 99.53 99.69 99.58 99.57 99.3 99.87  99.38  99.48
COy 3.05 1.76 0.29 0.29 0.25 543 035 414 456 n.d. 2.95 291 3.45 1.68 0.22
H,0- n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.57 0.88 0.8 0.6 1.74
HyO+ n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2.37 4 331 2.15 5.01
No. 32 33 34 35 36

T3n Tan Tan Tan Tan

Type 2 lithofacies Type 3 lithofacies
Sample Number  454/8-2 456/4  474/1sh  451/9sh  Av(9)

SiOy 72.8 75.08 59.19 44.95 67.14
TiOz 0.59 0.4 0.94 1.28 0.76
Al,03 10.44 8.23 18.57 26.7 13.55
Fe,03 1.37 2.88 0.91 2.38 2.13
FeO 4.86 1.72 6.77 6.41 4.03
MnO 0.17 0.3 0.18 0.15 0.14
Cao 0.74 241 0.74 0.2 0.84
MgO 1.72 141 2.44 3.06 1.66
NaO 1.54 1.42 0.74 1.01 1.23
K20 1.05 0.93 2.28 5.43 1.79
P20s5 0.1 0.11 0.21 0.12 0.14
loss on ignition 4.15 5.04 6.11 7.4 6.13
Total 99.53 99.93 99.03 99.09 99.51
CO; 0.92 2.99 0.21 0.28 n.d.
H,0- 0.52 0.39 0.49 0.49 n.d.
HoO+ 2.58 1.68 4.32 5.44 n.d.

Major element abundances are given in weight %. Major element content was measured by the wet chemistry method. Analyses were obtained at the chemical-analytical center of
Geological Institute of the Russian Academy of Sciences, Moscow. n.d. — no data-TChemical composition of Lower-Middle Triassic rockgcTChemical composition of

Carnian rocks, 3n — Chemical composition of Norian rocks.

Analyses 1-3 — Enmynveem River, sandstones; 4 — Vernitakayveem River, sandstone; 5 — Vernitakayveem River, schist; 6 — Tundrovyj Creek; 7-8 — Yanramkyvaam River, silt-
sandstones; 9 — Lyupveem River, sandstone; 10 — Lyupveem River, silt-sandstone; 11 — Yagelnyj Creek; 12 — Urguveem River, sandstones; 13 — Average of 12 samples of T

14 — Maly Anyui River, schist; 15-17 — Maly Anyui River, sandstones; 18 — Bolshoy Keperveem River, silt-sandstone; 19 — Urguveem River, sandstone; 20 — Keperveem River,
near Bilibino, sandstone; 21 — Tayny Creek, silt-sandstone; 22-23 — Kytep-Guytenryveem River,sandstones; 24-25 — Ugol Creek, sandstone; 26 — Average of 11 samples of Carniar
rocks. 27-29 — Machvavaam River, silt-sandstones; 30-31 — Irguneyveem River, sandstone; 32 — Machvavaam River, schist; 33 — Pyrkanay Ridge (southern part), sandstone; 34 -
Machvavaam River, silt-sandstone; 35 — Enmynveem Ryver, schist; 36 — Average of 9 samples of Norian rocks.
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Fig. 16. (a)— Tectonic discrimination diagrams for mineral composition of sandstones after Dickinson (1985). The grey circles are average
sandstone compositions: 1 — Lower—Middle Triassic, 2 — Carnian stage, 3 — Norian(sJagectonic discrimination diagrams after Bhatia
and Crook (1986): A — Oceanic Island Arc, B — Continental Island Arc, C — active continental margins, D — Passive continental margins.

assemblage suggests that low to medium grade metamorphabasin and did not have synchronous volcanism (see below);
rocks were located in the source area. The marginal zones abcks were lithified and deformed prior to the beginning of
this complex experienced erosion during the regressive sedisedimentation (Tuchkova et al., 2007). Decomposition and
mentation cycle (in Early and Middle Triassic times), and its erosion of volcanic rocks led to the formation of loose, easy
central zones suffered erosion in Late Triassic time, duringeroding sediments and gel-like material on the bottom of the
two transgressive cycles. The evolution of the mineral com-shallow-water zone of the marine basin. In the period of vo-
position of Triassic sandstones was likely due to the increastuminous clastic supply from the direction of the continent,
ingly deeper level of erosion of the metamorphic complexdeltaic flows entrained this altered volcanic material and car-
as a result of either its exhumation or progressively deeperied it into deeper domains of the basin.

incision of the draining rivers. The low alkali values in the sandstones (no higher than
4.3%) are notable and suggest the lack of coeval volcanic ma-
6.5 Nature of the volcanic source material terial in them. However, some of the Triassic (mostly Lower—

Middle) sandstones plot in or near the field linked to oceanic
Lower—Middle Triassic sandstones exhibit a predominancdsland arcs in the Bhatia (1983) plots. Lower-Middle Triassic
of volcanic rock clasts of mafic to intermediate composition. sandstones have higher Ti content, which become consider-
The inferred sediment source area for these sandstones wasbly lower in Upper Triassic sandstones. So, the mafic source
located in the nearshore- or shallow-water zone of the paleexisted only in Early Triassic time. Gel’'man (1963, 2000)
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Fig. 17. Model of the paleogeography of the Triassic continental margin of the Chukotka microcoritipenn the Early-Middle Triassic;

(b) — In the Late Triassic, Carnian interval; afg) — In the Late Triassic, Norian interval. The shelf area increases from Early to Late
Triassic. At left — mineral composition diagrams for all Triassic sandstone formations, data from Fig. 12.

1 — mudstones-sandstones, 2 — silty sandstones, 3 — sandstones, 4 — mudstones-silty sandstones, 5 — areas of volcanic deposits, 6 — fl
direction of clastic material, 7 — types of lithofacies from Figs. 5, 9, and 11 are given in roman numerals in the circles.

also points out the high content of detrital ilmenite in sand-above, petrographic studies of these rocks, however, reveal
stones of the upper unit of the Lower—Middle Triassic and no evidence of coeval volcanism. The clay fraction of sand-
invokes the erosion of diabases or extrusive complexes, withstones lacks any fraction of pyroclastic material, volcanic
out specifying their location, as a possible source (Gel’'manglass, and smectites or their traces. Only in a few isolated
1963, 2000). samples from Lower—Middle Triassic deposits from the Ur-
Based on published data, western Chukotkan Triassigguveem and Maly Anyui rivers, did we establish tuffites, con-
deposits contain no pyroclastic material (Ti'man, 1958; taining ash particles. However, the age of these deposits is
Ti'man and Sosunov, 1960; Seslavinsky, 1970; Bychkov,not constrained faunally.
1994a, b). At the same time, regional studies show that a Therefore, the results of petrographic studies in Triassic
considerable part of the Early—Middle Triassic stratigraphyrocks of the region to date do not support a coeval vol-
consisted of tuffs. In the course of mapping, tuffs were iden-canic source. It is possible that the volcanic sources are
tified by the green color of isolated interbeds that stand outpoorly recorded in the deposits or that a volcanic source was
in terrigenous units of gray or greenish gray color. As notedfar from sedimentary basin. This issue, however, calls for
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additional studies: dating of ash-bearing rocks and identifi-The location of sources is unknown and still debatable; how-

cation of sediments attributable to tuff intercalations is espe-ever, we can now determine the composition of the erosional
cially vital in view of the U-Pb age data (Miller et al, 2006) sources by petrographical and chemical investigations (see
which indicate that Upper Triassic sandstones contain som&ect. 6).

detrital zircons with ages of 236-255 Ma. The Triassic sandstones have a uniform mineral compo-
sition and are classed as lithic arenites. Geochemically
) ) ) the sandstones can be subdivided into two groups, both of

7 Geodynamic setting and conclusions polymictic composition; one group corresponds to normal

) ) sandstones and the other is close to intraplate basalts. The
Our reconstruction of the paleogeography in the Chukotkamain sediment source is suggested to have been a meta-

region is divided into three phases (Fig. 17), and we suggesf,,phic complex whose marginal portions suffered erosion
that the lateral fa_C|es _patterns are more proximal in the northin Lower—Middle Triassic time, and whose central portions
east and more distal in th? SOE““""eSt- ) o eroded in Late Triassic time. The Triassic basin was domi-
Western Chukotkan Triassic deposits originated on the,ateq by a single source province. It is quite possible, how-
continental margin of the Chukotka microcontinent and aregyer that we are dealing with averaged mineral compositions
composed of thick terrigenous units accumulated in a large,s sandstones originating from different sources, resulting

oceanic basin on a passive continental margin. The sedimen; iy the large size of the catchments area and protracted
tation history of the basin in Triassic time falls into three transportation of clastic material.

stages: a regressive Lower—Middle Triassic and transgres- . L .
sive Carnian and Norian stages (Fig. 17). During the Lower— Sandstones of the Lower—Middle Triassic stage of sedi-

Middle Triassic stage, the sedimentation rate was high, an&nentatlon have an additional S?‘d'm?”t source composed_of
deformed volcanic rocks of mafic to intermediate composi-

very thick sediments accumulated in depositional traps on. . . . .
and at the base of the continental slope. In Carnian timet'(?n' Recently in _the Kolyuchin Bay subvolcanic maﬁc rqcks
sediments were deposited mostly at its base. Deposits of th\tglrtn a ;J'Th'Pb d?rlgcc;\rt] agve %f 2524 I\/Ita ?nd afS?]Cr:a:ed Vr:/::: ni
Norian basin accumulated on the shelf, which provided habi—et.ge 23878-63 kel S (t. Iegsoe()g ﬁ" pebso fa Cz Itu' i
tats for abundant faunal communities. Analysis of the dis—crfl |orf1, ' 'bcl) 20\/ cta "t | )I ave e]f:n ound. Tt1s
tribution of facies across the region indicates that the deptlj1 te_re orfhposzzl 6 ezé)ssugges al\/(l)'(l:la szt)urlcezé)(; 62|rcon popu-
of the paleobasin increased from northeast to southwest i auonwith a B m.y.age (Miller etal., )
modern reference frame.

The mode of deposition in the basin and the supply of sed-
iments into it were controllled by a deltaic system whose.de—8 Further study
pocenters and size experienced changes throughout Triassic
time. A large system existed in Early—Middle Triassic and ) o _ o )
Carnian times, and possibly, two smaller ones existed in No-The analysis presented in this paper is an initial study in the
rian time. This suggests that a large catchment area existegfdimentary history of the Chukotkan paleobasin. A num-
in the source region; hence, petrographic, mineralalogic, ander Of issues remain unresolved; these include (i) the exact
chemical compositions of the Triassic rocks provide only anSOUrce area for the Triassic paleolt_)asm; (i) reliable corrg!g-
averaged characterization of the source region. From Early tdjon of c_oeval parts of TrlaSSlC Sedlmentary complexes_; (|||_)
Late Triassic, the shelf zone grew progressively wider, pro-€Xhaustive paleogeographic analysis of the paleobasin, in-
grading into deepwater zones. A proximal source area fo,vol_vmg b|ostrat|graph|c da_lta; etc. Future studies need to ac-
the Triassic clastics is situated only in the drainage area ofluiré more sedimentologic and zircon data on the Lower—
the Nomnunkuveem River. Middle Triassic and Norian deposits. In addition, future

Many authors have speculated on the exact source areatudies and reconstructions need to make use of the data ob-
for the terrigenous Triassic units. It was initially proposed tained to correlate Triassic deposits of the Anyui subterrane

that clastic material was supplied to the Triassic Western(Chukotka microcontinent) and the South Anyui terrane (su-

Chukotka sedimentary basin from a now subsided Hyper-ture) to eventually select a model for Triassic sedimentation

borean craton in the north (Ti'man, 1962; Gusev. 1964- @nd evolution of Mesozoic basins of the Eastern Arctic.
Seslavinsky, 1970). Subsequently the source was proposed

to be the erosion of rocks of the Canadlan Arctic marglnAcknowledgementsThis research was supported by the Russian

(e.g,, Grantz et al,, 1979). Recently it has been suggestefloundation for Basic Research, grants nos. 03-05-64915, 05-
that the Chukotkan Triassic deposits were derived from eros5-65052 and by the Universities of Russia and Leading Scien-
sion of rocks of the fold belt in Siberia (Miller et al., 2006). tific Schools programs, grant no. NSh-9664.2006.5. We thank
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