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Abstract—Age and spatial relationships between the Gan’kino, Lyulinvor, and Tavda formations, the principal
subdivisions of marine Paleogene, arc clarified based on comprehensive paleontological study of marine depos-
its. which have been recovered by two reference boreholes in the Southern West Siberian plate. As was sug-
gested earlier, the Talitsa Formation is missed from the sequence in a greater part of the Barabinsk lithologic-
facies zone. In the study area, accumulation of the Lyulinvor Formation commenced somewhat later than in cen-
tral and western areas of the plate. Breaks in sedimentation are established inside and at the top of the Lyulinvor
Formation below the Tavda Formation base. Sedimentation rates arc ovaluated. and lithological and biostrati-

graphic subdivisions are correlated with geological and paleogeographic events. Principal transgressive—Tegres-
sive cycles and half-cycles are outlined. It is shown for the first time that accumulation of the Tavda Formation

corresponded 10 twO cycles of this kind. the second of which is represented solely by 1ts transgressive part cor-

responding 10 [ attorfian (late Priabonian) eustatic transgression. Directions of block movements, which con-
trolled either the basin free connection with or partial isolation from ocean, are established. Impacts of hydrol-

ogy and principal Arctic and Tethyan currents on sedimentation and climate are considered.

Key words: Paleogene, Eocene, Oligocene, Wesl Siberian plate, foramipifers, dinocysts, radiolarians, diatoms,
ostracodes, paleomagnetic Zones, magnelostratigraphy, Gan’kino, Lyulinvor, and Tavda formations.

INTRODUCTION Nephrolithus frequens Zone (zone CC26 _corres])onding
to the second half of late Maastrichtian in the Interna-

: The first our paper (Akhmet ev ef al., 2004) wafs ional standard zonation of the Upper Cretaceous). The

e:;gzd bt:: blostratlgrqphlc charactenzation c_)f twoalre assemblage diversity suggests 2 warm-water state of

reholes, which recovered the marine Pale0"  the Gan’kino sea basin that was of normal salimty and

sne deposisof the Southen West Sheri BSC, ¢  coner ol Gy on st ey o

; on the : istent wit ta on ostracodes nthi -

and distribution of various fossil groups (planktoniC Si;gs The assemblage of the latter can be attributed to

and benthic foraminifers, diolarians, diatoms. e Spiroplectammina carinaia Zone of the upper
organic-walled phytoplankton, Spores and pollen) I Naastrichtian.

lithostratieraphic units. Magnetostratigraphic and log- : _
ging msufﬂm presented as well. lgnra this work, we Earlier _N.K _Lebedeva and A.F. Khlonova thséu%led
discuss the results obtained Maastrichtian dinocysts of West Sibena 1n Jst-

ok Venisei depression only (Zakharov ef al.. 1986; II'ina
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cum. Conneximura fimbrial et 2
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“ ified the mid-late Ma

shirodinium evittii, she 1identi _
Trythirodiniu Formation, because

~htian age the Gan’kino | .
trichtian_age of index species of the termi-

Palynodinium grallator (the 1n : _
nal Maastrichtian), Thalassiphora pelagica and Paleo

gene taxa are missed from the studied assemblage. The

Cerodinium diebelii Beds t:)f 'tl!e formation _are ;Orl';e;;l:
tive therewith to the Isabelidinium cooksomae, a 0
cvstodinium denticulatum, and Hystrichostrogylo

borisii zones of the North Sea (Schéler et al., 1_992}2,
and to Deflandrea galeata Zone of Germany (Kirsch,
1991), Belgium (Slimani, 2001) and Dania (Fig. 2).

Two magnetic zones of normal and'reversed polarity
established in the Gan’kino Formation clays are of
insignificant thickness and can be correlated with the
boundary interval of terminal C30n and basal C29r

chrons (Berggren et al., 1993).

Lyulinvor Formation

Lower Lyulinvor Subformation

Characteristic of the lower Lyulinvor Subformation
are the Alisocysta margarita and Apectodinium homo-
morphum dinocyst assemblages of the Thanetian age.
The former assemblage is established between the first
occurrence levels of Deflandrea denticulate and Apec-
todinium homomorphum, because Alisocysta margarita
1s present, though as single specimens, in the late Selan-
dian sediments. The A. margarita Zone is reliably cor-
related with the West European biostratigraphic subdi-
visions Viborg4 (Heilmann-Clausen, 1985), partly with
D4 (Costa et al., 1988), and with Alisocysta margarita
Zone of England (Powell, 1992). In the work by Pow-
ell, the zone is correlated with the nannoplankton zone
NP8 of the lower Thanetian. In Borehole 9, the Apecto-
dinium homomorphum Zone is distinguished above the
first occurrence level of its index species. In West Euro-
pean sections, the stratotype included, it is correlated
with the dinocyst zones Viborg 5 (Heilmann-Clausen,
1985), D4 (Costa et al., 1988), and Apectodinium
homomorphum of southemn England (Powell, 1992),

corresponding there to the nannoplankton zone NP9
the upper Thanetian. ; % i

minifers from basal beds of the subformation belongs

to the regional Glomospira gordialiformis Zone.
* | _ ne. Podo-
bina (1998) attributed this assemblage cha:acteﬁst?ggf
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the Talitsa—Lyulinvor transitional
ocene (Thanetian).

Four paleomagnetic zones of norma]
polarity (N1l R 1L, NLIL R, 1), which gpe de[nld‘ :
Thanetian interval, may correspond ¢, chm
C25r, C25n, and C24r or, possibly, tq lhti‘irr([}
This does not exclude, however, that the g;ubr_qug]m:nh_
lower boundary 1s close to the Selan di;;m Elprmiitigl;
transition. Biotic changes across the |oy., ha“@lian
boundaries of the lower Lyulinvor Sypf,
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Upper Lyulinvor Subformatiop,

According to distribution pattern of gjj; s
ments in the section of Borehole 9. the unpe; I?Ux Sed
Subformation is divided in two memberg %/ruh
diatomaceous and opoka-like shales ang of (bd) oray |
mudstones. 0)

(a) Member of gray diatomaceous ang opoka.
shales spans the interval of the Dracodiniy,, va:'i :|lke
gitudum and Charlesdowniea coleothrypy, fdr;m.
dinocyst zones. In many West European sﬁtratiar& $
charts, the former zone 1s in the middle of the v, ripfh‘“
Stage. Being at the same level in the type SECF[’iUSl&n
Ypresian clays in Belgium, the zone is conﬁdemlvt :
related, based on assemblages of calciregﬂr-
microplankton, with the lower part of the nanngplanlﬁs
ton zone NP12 and with the zone P7 in zongggp {}} -.
planktonic foraminifers. However, Andreeva-Grigoroy. |
ich (1991) correlated the D. varielongitudum Zonté with \
an upper part of zone NP1 1. In the section of Borehgj,
9, the dinocyst zone 1n question can be directly corpe-
lated with the Heliodiscus inca Zone of radiolarip
standard, although 1ts basal (491-489 m) and topmog
beds belong to the Heliodiscus lentis s. str. and Buriellg
longa—B. clinata zones, respectively. According to dis.
tribution of diatoms, the upper Dracodinium varielon-
gitudum Beds are likely correlative with a lower part of
the Pyxilla gracilis s. 1. Zone of the middle Ypresian. A
lower interval of the beds, which is barren of diatoms,
seems to be corresponding to the upper Coscinodiscus §
payeri Beds. In sections of boreholes 011 BP, upper §
strata of the Dracodinium varielongitudum Zone yield §
radiolarians occurring in the terminal part of the Helio-

discus inca Zone.

Based on benthic foraminifers occurring in the Dra-  §
codinium varielongitudum Zone, basal strata of the lal- 3=
ter can be correlated with the Bolivinopsis spectabilis &
Beds, whereas its upper part is correlative with the 3
lower interval of the Textularia carinatiformis Zont. 3§
Planktonic foraminifers Pseudohastigerina wilcoxenss g
and Subbotina eocaenica from the depth levels of fm | 8
and 451 m suggest a broad interval from the early (011"
tial middle Eocene for their host deposits. The D. van-
elongitudum Zone spans paleomagnetic ZOnes Nil
Rill, NI, and R,Il. Paleomagnetic zone Rl distil™
guished in Borehole 01 1BP near the top of the D.var =

oy
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Fig. 1. Lithologic-facies zones and borehole localities discussed in this work (scheme is compiled based on dat :

2001; Martynov, 1967, 1968, 1973; Zal'tsman, 1968): (1) boreholes 011BP of the Achair area (/) and 9 of oy e
area (2) described in this work; (2) Omsk reference borehole (3). exploration boreholes IR and 2R of the Tatarskoe area (4), explo-
ration boreholes 1R and 1K of (he Tibes area (5), Barabinsk reference borehole (6), Ubinsk borehole (7), Kishikaroi borehjole (8)

boretloles 69 and 2R near the v1l}age of Cherlak (9), exploration boreholes of the Ipatovo area (/0), Mikhailovskaya-32 (/1) anci
Yarkinskaya-35 (/2); data on which are summarized in Table 2; (3) boreholes Bol’sherechenskaya (4), Kargatskaya-!2 (B), Trofi-
movskaya-30 (C), Trofimovskaya-3 (D), Kachirskaya-38 (E), Sychevskaya-34 (F), Karasukskaya 1R and 117 (G), Efremovskaya
185 an_d 48 (H), Bur]:nskaya—SK and others (/), Uspenskaya-35 (J), Slavgorodskaya-129 and others (K), Kulundinskaya-14 (L),
Kochk:r}skaya (M), Blagoveshchenskaya IR and others (N) discussed in brief; (4) Central (I), Narym (II), Ishim (II1), Barabinsk
(IV), Priobskaya (V) and Kulunda (VI) lithologic-facies zones; (5) boundaries between zones; (6) Kazakhstan state boundary.

" elongitudum Zone is correlative with magnetozone Ryll

- of Borehole 9. As the D. varielongitudum Zone corre-
sponds to the middle Ypresian, the above paleomag-
‘netic zones can be correlated with chrons C24n, C23r,
‘C23n and with the lowermost interval of chron C22r.
Rocks with normal polarity prevail in the indicated
~magnetostratigraphic interval of the upper Lyulinvor
Subformation.

In both sections, the well-developed Charlesdown-
" iea coleothrypta s.l. Zone of dinocysts is of the late
" Ypresian—early Lutetian age according to opinion of
" many researchers. Andreeva-Grigorovich (1991) who
. studied organic-walled phytoplankton and nannoplank-
_ ton in southern sections of the former USSR correlated
~this biostratigraphic unit with standard zones NP12-

‘NP14 and NP15 (partly). Being of the same range 1n
regional stratigraphic charts of France and the North

~ Sea, the unit appears to be at the level of zones P9 and
/P10 in zonation of planktonic foraminifers and spans

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 12

zones NP15 (partly) and NP14 of the nannoplankton
scale. The Ch. Aoleothrypta s. str. and Ch. Aoleothrypta
rotundata subzones of the Charlesdowniea coleo-
thrypta s. 1. Zone correspond, respectively, to the Y pre-
sian and terminal Y presian—initial Lutetian intervals. In
the studied sections, the latter subzone is distinguished
conventionally because of unclear boundaries. It corre-
sponds to the upper submember of gray diatomaceous

clay that is 2 to 5 m thick.

The lower Charlesdowniea coleothrypta s.l. beds
belong to the uppermost interval of the Heliodiscus
inca Zone of the radiolarian scale, while the main part
of this dinocyst zone is equivalent in range to the Buri-
ella clinata—B. longa interval (though these index spe-
cies have not been encountered in our samples). In
Borehole 01 1BP, the uppermost Ch. coleothrypta beds
yield radiolarians characteristic of interval transitional
to the Lychnocanium separatum Zone. As for correla-
tion with biostratigraphic units of the diatom scale, the

No. 5 2004
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NEW DATA ON THE MARINE PALEOGENE OF THE SOUTHERN WEST SIBERIAN PLATE

lower part of the Charlesdowniea coleothrypra s..
~ 7one is correlative with Pyxilla gracilis Zone, while the
~ upper one partially L()I'Tt:\pl)ﬂd\ to the Coscinodiscus
pnhm tis Zone. Rubina (1973) who distinguished the
- last zone considered it as transitional to the Pyxilla oli-
gumwm a Zone. In opinion of Strel’ nikova, it would be
~ more correct to correlate the upper strata bearing Ch.
mlemhnpm s.l. in Borehole O11BP with the Pyxilla
. pligocaenica- _P. oligocaenica var. tenuis Zone. Glezer
con‘alders the lower Charlesdowniea coleothrypta s. str.
- Subzone as corresponding to the Br:ghmel!m hyper-
borean Zone of diatom scale, which i1s discriminated
~ from the Pyxilla gracilis Zone. In addition, she corre-
laled this subzone with the Dictvocha secta Zone of sil-
tcoﬂdgellales and suggested the Y presian age for all the
- subdivisions. The Textularia carinatiformis Zone of
agglutmdled foraminifers spans the interval of Charles-
" downiea coleothrypta s.1. Zone coupled with an upper
pan of older Dracodinium varielongitudum Zone.

~ In Borehole 9, the Ch. coleothrypta s.1. Zone ranges

~ through paleomagnetic zones Ryl (upper part), Nll,
- and Rsll, which can be correlated with chrons C22r
-~ (upper part),C22n, and C2Ir of the Berggren’s scale.
- According to this correlation, the zone spans the upper
- Ypresian-lower Lutetian interval. In Borehole 011BP,
 the dinocyst zone under consideration corresponds to
- paleomagnetic zones R, Il (upper part) and N1l correla-
ive with chrons C22r (upper part) and C22n. Rocks of
reversed polarity are dominant in this interval of sub-

’!armatlon especially in Borehole 9. Paleomagnetic
- zones are likely reduced here because of presumable
4 ses characteristic of the interval, which may dis-
rt the paleomagnetic records.

iy
i .

(b) Member of green clays with fish remains, the
-= inal one in the upper Lyulinvor Subformation, 1s
C tcomplete in section of Borehole 9, being of a spe-
| interest in terms of age determination. The Lyulin-
sedmwnlatmn cycle ended with deposition of this
3 ber. At this stage of evolution, the West Siberian
- 8ea basin under discussion was of a maximum size and
upied about 70% of West Siberia (Shatskii, 1978).
Sedimentation rates decreased at that time, although 1t
dlfﬁcult to estimate them correctly because of hia-
s distinguished in the section. The reduced thick-
s of the member definitely reflects a restricted silica
¢ into the basin, as it follows from sedimentation
es evaluated for lithostratigraphic units of Borehole
| Accordmg to our estimates, consolidated sediments
| mulated in a period of 1000 years are 10-12 mm
* ek in the lower Lyulinvor Subformation, about 10
3 m thick in the member of gray opoka-like clay of the
‘Upper Lyulinvor Subformation, and only 4 mm thick in
m:en clay member.

Lower beds of the latter (depth interval of 449.6-
Sl m)hf!l(mg to the Werzeliella articulata (acme )-Sys-
I Phora placacantha Zone of dinocysts. In the
igraphic chart of the Parisian basin (Chateaneuf
Gmas-Cavagnctlo 1978). where the Lutetian stra-
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totype was described, W. articulata 1s the index species
of zone W9a corresponding to the first half of early
Lutetian divided in two substages as in the scheme of
Cavellier and Pomerol (1986). The same taxon is indic-
ative of zone D10 (W. articulata~W. ovalis) of the late
Lutetian in the regional biostratigraphic scheme sug-
gested for basins of northwestern Europe (Costa and
Manum, 1988). Andreeva-Grigorovich included that
species into name of the Rhombodinium draco-Wetze-
liella articulata Zone of southern areas of the former
USSR. Systematophora placacantha is the index spe-
cies of late Lutetian subzone W9b of the Parisian basin.
In the North Sea sections (Mudge and Bujak, 1994), the
upper age himit of the species range corresponds to ter-
minal Lutetian (middle and lower ntervals of zones
P12 and NP16, respectively). The Systematophora pla-
cacantha Zone characterizes the Lutetian Iset Forma-
tion penetrated by Borehole SG32 near the town of
Kurgan in the northern continuation of the Turgai
depression (Beniamovskii er al., 1995). This formation
is situated between the Irbit and Tavda formations like
the green clay member with fish remains in the section
of Borehole 9. In opinion of O.N. Vasil’eva, the zone in
question spans the entire range of Lutetian Stage and
zones W8 and W9 of the Parisian basin. It should be
mentioned that the Werzeliella articulata—Systemato-
phora placacantha Zone 1s equivalent to intervals
NP15-NP16 (lower part) and P11 (part)-P12 in zona-
tions of nannoplankton and planktonic foraminifers,
respectively. In Borehole 9, the green clay member is
attributed to the Pyxilla oligocaenica Zone of diatoms,
the range of later var. tenuis included. Simultaneously,
it corresponds to the radiolarian Lychnocanium separa-

tum Zone and possibly spans an interval of transition to
the next Heliodiscus quadratus Zone. Kozlova,

Strel’nikova, and Radionova suggest the late Y presian-

early Lutetian age of the W. articulata-S. placacantha

Zone, while Glezer attributes it to the Lutetian Stage.

Kozlova (1999) described the L. separatum radiolarian

assemblage from the Kresty Formation of the Turan

pate, where its post-Ypresian (likely late Lutetian) age

1s out of doubts. Like dinocysts, the Acarinina rotundi-

marginata assemblage of planktonic foraminifers from

the lower interval of green clay member (depth level of
449 m in Borehole 9), which are charactenistic of the

Kuberle Horizon in the Crimea-Caucasus region, is of

the Lutetian age as well. Planktonic foraminifers of the

Hantkenina alabamensis assemblage (depth level of

445 m) elucidates age of middle strata of the green clay

member (late Lutetian or, possibly, Lutetian-Bartonian

transition period).

Based on planktonic assemblages, primarily on
planktonic foraminifers and dinocysts, one can assume
the growing influence of Tethyan waters on sedimenta-
tion environments in the basin. Taxa of different ages
concentrated in the section mterval of msignificant
thickness suggest a general environmental reorganiza-
tion during the Lutetian and transgression in the first
half of that age, which is inferable from appearance of

No. S 2004
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planktonic foraminifers and diversification of
dinocvsts. The event was responsible for recurrent par-
tial erosion of sediments, which were at the early diage-
netic stage of consolidation. Signs of erosion are estab-
lished at the depth levels of 451 m (the base of sandy
layer below the clay member) and 446444 m. Above
the depth interval of 445 to 444 m, there are recorded
signs of progressing regression and basin shoaling.
They are consistent with compositional changes n dia-
tom assemblages (data of Radionova) and with growing
abundance of prasinophytes and acritarchs among the
organic-walled phytoplankton (data of Zaporozhets).
Simultaneously, dinocyst species became twice less
diverse than before, and abundance of spores and pollen
increased considerably, up to several times.

(¢) Terminal beds of the upper Lyulinvor Subforma-
tion characterizing transition to overlying Tavda For-
mation are distinguished in the depth interval of 444—
435 m. Dinocyst taxa characteristic of the initial middle
Eocene (Areosphaeridium diktyoplokum, Kisselovia
ornata f. reticulata and others) appear beginning from
the depth of 445-444 m. Because of mass abundance of
acritarchs and prasinophytes in the upper interval of the
green clay member, it is difficult to define here the
organic-walled phytoplankton zonation, and the inter-
val is attributed to the Paucilobimorpha—Micrhystrid-
ium Beds. The beds are of ecological rather than bios-
tratigraphic significance, because dinocyst assem-
blages from this level consist of euryhaline taxa of
broad stratigraphic ranges. The same situation 1s typical
of transitional beds between the Kresty and Kuma for-
mations of the northern Caucasus, in which percentage
of prasinophytes and acritarchs 1s as high as 70-80%.
The event of shoaling in the West Siberian basin caused
appearance of endemic forms among dinocysts (species
Kisselovia ornata and Thalassiphora elongata
unknown in western regions of Eurasia).

The basin shoaling that progressed toward com-
mencement of the Tavda epoch influenced composition
of the clay member that becomes enriched in silty and
sandy components. Spores and pollen of the green clay
member belong to the regional Castanopsis pseudocin-
gulum—Castanea crenataeformis Zone established in
upper Lutetian deposits of southern areas of the East
European platform and Turan plate (Panova et al..
1990). Thus, palynological data and microplankton
suggest concordant ages of the green clay member.

The uncertainty of the Lutetian-Bartonian boundary
and 1nconsistent zonations of nannoplankton and
planktonic foraminifers within the transitional interval
provoked controversial opinions with respect to that
boundary position in the general scale. Berggren et al
(1995) believe that being 41.2 Ma old it should be at the
base of chron C18r inside zones P12 (Morozovella leh-
nert) of planktonic foraminifers and NP16 of nanno-
plankton zonation. In the stratigraphic scale project rec-
om_mended by J. Remane with colleagues at the Inter-
national Geological Congress of 2000 in Brazil, the
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boundary i1s 2 m.y. older than in the sca)o
Russian experts are of different opinions 3¢ w.ny SooR
scale of Interdepartmental Stmtigmphif :
(Resolutions..., 1989), 1t 1s placed at the
zones Hantkenina alabamensis (this is ,
V.A. Krasheninnikov) and NP16. In the

scheme authorized for the East Europeap Dlatf s
2000, the Hantkenina alabamensis Zone i< pluwi?& I
the Lutetian Stage, and the boundary is recom;:“ ’*?Ecs
to be defined based on nannoplankton. ~idey

In Borehole 9, the Pmt(‘flf}birrmrpha-—.l!ffrﬁ*1-;r;,-:-r
ium Beds likely correspond to the termipg] Lﬁ['—"{l d-
The inference is conventional however, as the LU[;‘[;““--
Bartonian boundary position remains problematic U&nf-
the competent decision of the Internationa] Subc@m
mission of the Paleogene System. At present. ;-
sonable to place this boundary at the base of the |oy :
sandy member of the Tavda Formation ( depth levels D;
435 m in Borehole 9 and 456455 m in Borehgje
011BP). Being placed at the member base, the boypg.
ary appears to be well identifiable in logging diaerame
and traceable over the plate. o

The paleomagnetic zone NIl established in the
dinocyst zone W. articulata-S. placacantha of Bop.
hole 9 can be correlated with the chron C20n only. Iy
Borehole 011BP, a thin (3 m) subzone of reverseg
polarity at the top of zone N, 1l may correspond to a pan
of chron C19r.

i

oy

Stratigraph:

It 1S rea

lavda Formation
I.ower Tavda Subformation

At the base of the lowermost sandy member of the
Tavda Formation, there are recorded signs of erosion
especially distinct in section of Borehole 011BP. The
hiatus is insignificant however, as respective palynolog-
ical spectra and dinocyst assemblages show characters
inherited from underlying biostratigraphic units of the
upper Lyulinvor Subformation.

The basal interval of the lower Tavda Subformation
(depth range of 435—408 m in Borehole 9) correspondi
to the Areosphaeridium diktyoplokum( Rhombodinium
draco Zone of the early Bartonian. In the Bartonii
Stage stratotype, the Elume Bay of White Island. soutl
ern England, the second index species occurs 1n assott
ation with nannoplankton of zone NP16 and with ford-
minifers of zone P13 at the level of 8 m above the S
base. Andreeva-Grigorovich and Zaporozhets (s¢€ .
Geological and Biotic..., 1998) established the sun:;
situation in sections of southern Russia. In Bf’ffh,“h? 3
the species range is controlled based on planktonic BT_
aminifers found at the depth levels of 44 and ¥ -
400 m. In the first case, species of the Hantkenind Et“i :] c
bamensis assemblage, its index species included, de >
the lower limit (late Lutetian or Lutetian- {.-,1rtqmIm
boundary interval), while Acarinina rmmrff’,”Hnwiunot
present at the second level implies the Bﬂﬂ?“'““?]l-l‘h s
younger age of the regional zone in question, Wit
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ﬂﬂ‘w. ly m_ﬁhnfd 0 the earl} Barton;
Kd*kouw!lostnthcdmllenandspomgfmmtm sa;'m:;
interval attributed them to the Quercus gracilis—Rhoip-
p g,mdaqu—a:mmm crenataeformis palynozone
At the same e, Zaporozhets who found here Caszan.-
opsis pseudocingulum characteristic of the middle
Eocenc d.gmgmshed the smdled interval as the Quer-
us gm'li_ﬁrm.s‘—Casmmpsu pseudocingulum Beds

Upper strata of the lower Tavda Subformation
(depth range of 408-388 m) yield dinocysts of the
. porosum Zone. In many rEglon -
dinocyst zonations of Boreal realm, this indicative zone
is dated back to the late Bal'toman In the aforemen-
rioned stratotype of the Bartonian Stage, the zone has 3
concrete position being situated between the Rhombo-
dJinium draco and Rhombodinium perforatum zones. In
England, but not in France, Germany. Belgium and
Russia, the last zone is attributed to the late Eocene. As
for correlation with biostratigraphic subdivisions of
calcareous plankton, it corresponds in range to zones
NP16 and P14 (incompletely as we think). In the
dinocyst scale of Western Europe (Costa and Manum.
1988), it is at the level of zone D11. In the Russian and
Turan plates, the Rhombodinium porosum assemblage is
charactenistic of the Saksaul'skii Formation of the late
middle Eocene in the Aral and Turgai regions. In a sample
from the depth level of 406.5 m (Borehole 9), Nikolaeva
detected accumulation of ostracodes Cyamocytheridea
aff. corruguta resembling C. corrugata charactenistic of
the Saksaul’skn Formation in the Manual e section of the
Irgvz area. Thus, the last group of fossils also points to the
middle Eocene age of the lower Tavda Subformation. In
the Voronezh antechise, platform areas of Ukraine, and the
northern Caucasus, the Rhombodinium porosum assem-
blage is confined to upper strata of the Kiev and Kuma
- formation, which are undoubtedly of the middle Eocene
age. Acarinina and Catapsydrax forms found in the upper
half of the lower Tavda Subformation suggest the same
age, although the assemblage of planktonic foraminifers
includes some species commonly occurnng n transi-
tional Bartonian—Pnabonian strata. Like dinocysts, the
foraminiferal assemblage originated in a relatively cooled
basin of subtropical belt.

- Two paleomagnetic zones of reversed (R,tg) and
normal (N,tg) polarity distinguished in the lower Tavda
ation of Borehole 9 can be correlated with
chrons C18r and C18n. Characteristic of them are the A.
diktyoplokum—R. draco and R. porosum dinocyst
assemblages. In Borehole 011BP, paleomagnetic zones
Nitg, R;tg, N,tg yield the same assemblages and may
correspond to chrons C19n, C18r, and C18n. In both
sections, rocks with normal polarity prevail in the lower
Tavda Subformation like in the correlative interval of

the Berggren's scale.

Upper Tavda Subformation

Bearigg dinocysts of the Charlesdowniea clathrata
angulosa Zone, the upper Tavda Subformation. espe-
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last case). In sections ' 2
rivers (Zaporozt ‘?S“‘hlﬁf the Belaya. Ku
ZOone 1s cormrelat =
NP20 ed with

peridinium amoenum probably oin g
TRl : Y appeared earlier in the
West Siberian sea and then migrated in central and

gocene cooling.

Ostracodes from middle and upper parts of the s
fonmqon (erth range of 34}-25[;.&8 l:nafLaIw IEEEEILE;
the Priabonian age of host deposits. In addition to
endemic Cytherura placida. the ostracod assemblage
includes species known from the Chegan Formation of
the Aral-Turgai region. Species Clithrocyvtheridea
innae 1s widespread in the Khanabad and Sumsar
sequences of Central Asia. The young transit form
Clytheridea existed in the Oligocene as well. Older
transit forms are Paracypris contracta (early-middle
Eocene of the East European platform), Cytheromor-
pha brabantica (Lutetian-Bartonian of Belgium), and
Bythoceratina ex gr. impressa (late Paleocene of
Ukraine). Some of the listed taxa were found earlier in
the Tavda Formation of West Sibena (Lipman and
Nikolaeva, 1964).

A greater part of the Tavda Formation, the facies of
freshened settings and upper transgressive member
included, corresponds to the Quercus gracilis—Quercus
graciliformis palynozone. Percentages of Fagaceae and
other thermophilic taxa increase upward in the section,
but basal beds of the overlying Isil'kul Formation are
enriched in pollen of conifers (Picea, Abies, Isuga),
abundance of which is negligible in the Tavda forma-
tion. Spectra of amentiferous demonstrate an opposite
trend: Betulaceae turn into dominants, Juglandaceae
remain indifferent, and Fagaceae decrease n abun-
dance. Palynological data represent the only biostrati-
graphic indication of a significant break In sedimenta-
tion and erosion of marine deposits.

Six paleomagnetic zones of normal and reversed
polarity (R,tg. N,tg, Ritg. Nitg, Rytg, N tgn Borehole
9 and R.tg, Nitg, Ritg, Nytg, R.tg, Nstg in Borehole

- b interval of the Ch. clathrata angulosa

)y dinocyst zones, which are cor-

and R. porosum (partly) dinoc) 1es, W e COr-
relativep::'ith sones P15-P17 of planktonic foraminifers
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d boreholes 9 and 011Bp, respec-
diversity of dinocysts is reduced
 levels. Depth ranges of 388-367 and 401-

L]

mm:howmnmfm
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whereas the second one is charactensiic of the £
Oligocene deposits. .y
The next intervals in both sections chyr i
gradual transition from regressive 1o transerecn. 8
(330-313 m in Borehole 9 and 317.3-303 5y, 0 ¥
hole 011BP). Spores of aquatic ferms, prac 2%
and acnitarchs almost disappear from sedimen. I;h?“?-i
levels. By the end of intervals, diversity of d!ml §
increases up to 30 species. Cooling of that v .
dent from a reduced abundance of angiosperm, polley,
especially of thermophilic taxa, and from a higher ma |
centage of Juglandaceae and Betulaceae (59 ™ _m 3
Pkﬁ 3”. 326, and 313. The Til\dﬂ lran\grr..,“t-m #":
mum corresponds 1o depth intervals of 394 277 =i
298.7-265 m in boreholes 9 and 011BP respectively,
where the diverse dinocyst assemblages (50 1o 55 e
cies) include recurrent forms of the lower Tavds Sab.
formation. Representatives of the cold-water dfhn’
Pl

from gencra Rhombodinium and P’H}uﬂlﬁ;}rn‘j‘
become frequent here. Fagaceae domunate again
spore—pollen spectra. | - 5

Thus, the established trend of biotic and abiotie
events of the Tavda time appears 1o be useful for inter.
regional correlation (Table 1). The trend depicts the
mass appearance and subsequent quick reduction of
acritarchs and prasinophytes, fluctuations in abundance
and diversity of dinocysts, and episodic simultancoss
_ e of other groups of marine biota (transgres
sive pulses?). The most remarkable is transition from
regressive to transgressive phase of the mud-Tavda

time, when massulae and fronds of Azolla vera, benthic

foraminifers of the Cribroelphidium rischianicum
assemblage, ostracodes (Cvtheridea probata. Eche
nocytheris spongiosa, Paracvpris compacta), ad
bivalves (Musculus cf. samensis, Pitar circularis, Car
diopsis sp.) were buried in calcareous sediments of 8
narrow interval (3 to 5 m thick). E
The early and late Tavda transgressive episodes ae
contrastingly recorded in two sections. Being
detectable in Borehole 9, transition to the reduced hails
cycle of the late Tavda time is unrecognizable in Bores
hole 011BP. .
Sedimentation rate of the Tavda tme (27 mm pef =
1000 years in average) was much greater than in e
Lyulinvor period. It was initially relatively low (10 mm 2
per 1000 years) and increased up to 37-39 mm p& =
1000 years in the late Tavda time. The plate downwa
ing did not compensate the intense influx of terngendss -
material, and sea basin experienced a considerable
shoaling in the mid-Tavda time. During the transgie® -
sion peaks, the basin could be 100 and more meles =
deep in accumulation settings of fine claye) sedimenss E
only. -
Gray kaolinic silty clays of the Isil'kul l‘ﬂ_‘_"’“f;
(age equivalent of the Atlym Formation in the Cef ‘ .
hithologic-facies zone) rest on uneven eroded Hllﬁf‘
underlying green clays of the Tavda Ft'rmh““‘"-:h‘ 1
|

w mks of green clay arc » idt‘\pl‘t‘éhf

't 1

i 4
Vol 1. NO




PILIPIS puk ‘I[IS ‘pues YIim paje[eataul spaq Ae[o Sul[reAald

%0g=ST 01 dn .
JUDIDYJA0D ddURISIP 2I0YSHO C9C—L'86¢C LLC V0t
SUI[00D JUIIDIJA0 dDUR)ISIP
QIOYS]JO JO asealoul MO[§ C't0E—t LIt e1E-0Lt
JUIIDYJI0D ddUR)SIP
AIOYSJJO JO YIMOIT pawnsSay | STE ‘C'OLE—L'EEE PEE—6EE
%101 0l
UAOP JUIDJI0D ddUR)SIP
2I0YSJJO JO ASBAIIAP 1YL CZE-09¢ LEE—6SE
%8I=C 01 UMOP JUIDYJI0D
Aduesip aloysyjo jo doiq L9E-10t L9E-88¢
suluLem f9,¢z 0) dn
JUILILJI0I 22URISIP 2I0YSHO 010ty c6E—80Y
HS1TO10]
JUIIIFA0I 0URISIP JIOYSHO (¢) OEP—SSH CIv=SCtp
UONRWLIOJUT [RUOT)I dd110 2[04210g | 6 3joyaiog ()
. JUL [BUORIPPY () eardur dacq | reasdut yida(q

suLdsouwA3 jueurwop pue exe) drpigydourioy)
s endadsouijed {(saroads ()9 03 dn) sysAdouIp JO UoOr)
-ROIJISIAIP PUB IMOI3 doUBpUNge :SASUI| pue S1dAe[Iaul

enjoads jeoiojoukjed ur suadsoidue

orjiydouriay) jo uononpail [aqjered yiim uaqjod snoiajiuod
JO JUAUOD JYIIY pue SISAO0UIP JO UOIRIYISIIAIP [enpels
‘SOSUI| ILIAPIS ‘SIdAR[IAUI J[IS puR ‘pues ‘Ae[o Funeuidy

sysnjowr pue ‘S9pooeISo

‘SIQJIUTWRIOJ JO suone[nWNIIR ‘siapdospl pue vjjo2y Jo
Q0UBRpUNQE SSBUI {SJUWIPAS UI JUUOD dJeu0qied IYSIH

SIdYIO pue vuodjoyoydn4s g SISA0UIpP pajjem-uIy) pue
wnsnipad ‘siajdodpAf Jo dduepunge SSLW pue AJISIOAIP
)SAO0UIP JO ASBAIIAP JAYLINJ SIUWIPAS AI[IS JO 0U[RAdIJ

Ll

sojAydourserd pue sydejLIoR Jo aouep

-unqe SuIMmoi3 pue S)SA0UIp JO AJSIQAIP pue JUUOD Jul
-SBAI03P S)1sodap Ajfis AQ syuawirpas AaAe]d Jo Juawde[day]

SISAJ0UIp JO AJISIDAID pue

douepunge SUIMOIS ‘SIPOIRIISO pue SIQJIUIUIRIOJ OTUO)
-yjuepd jo douereadde ‘sjuawipas £24e]d JO UOHR[NUWINIIY

sajAydourserd pue syorejLoe
110 pue vyd.iowiqojonpg Jo aduepunge Juronpal
.Ae[d Aq snsodap Ayjis—Apues jo yuawaorjdar fenpein

JUIl) BpAR], dle]
Ay} Jo aseyd aAIssaidsuel]

aseyd aAIssaidsuer) 0)
QAISSAITAI WOJJ UOTIISURIL

uoISSaI3suer) 0)
UOISSAIZAI WO uonisues)
juardiout 9y Jo aposido onorg &

004

No. 5

AuIl epAR] -pIu
A} JO aseyd JAISSAITY

aseyd 2A18$21321 0)
QAISSAIZSURT) WIOI] UOTIISURI],

AUUI) BpAR], A[Ied
Ay} JO aseyd dAISSAITSURIL

UOISSaI3suen)

epAR], A[1ed 3y} pajepajue jey)
J5L)S 2AISSAIZAI JO UOTRUTULIAY,

SIUdAQ JdMoIqe pue d10Iq Jo suonedipur fediouriy

uonNjoA? uiseq
dY) JO SA3.)S UIRIN

— iL = e

UOIIN[OAD UIsSeq BpPAR], dY) JO Sage)s UIRJA] °[ dqeL

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 12



S04

Isil’kul beds. Palynological assemblages below and
above the erosion surface are very different, implying a
considerable break in sedimentation. Dominant
Fagaceae and Taxodiaceae occurring in association
with thermophilic Engelhardtia, Corylopsis, Hamame-
lis. Ilex. and Palmae are taxa characteristic of pollen
spectrum from the depth level of 277 m, whereas
Pinaceac and Betulaceae dominate in pollen at the
depth of 274 m.

Paleomagnetic data also suggest a considerable hia-
tus between the Tavda and Isil’kul formations. The
equivalent of chron C13r of the Berggren’s scale is
missed from the studied sections of Paleogene deposits.
Magnetostratigraphic records near the Eocene—Olhi-
gocene boundary, which is established in most com-
plete sections of Mediterranean and Crimea—Caucasus
regions based on calcareous nannoplankton, are com-
plicated, consisting of normal and reversed polanty
chrons of variable durations and succession. In such a
situation, it is difficult to correlate the general and
regional magnetostratigraphic scales. In the general
scale, the reversed polarity chrons 13r and 12r are sep-
arated by interval of normal polarity (13n) between
34.6 and 30.9 Ma, which spans about one third of the
' Priabonian and the greater part of the Rupelian. In bore-
holes 011BP and 9, the upper transgressive beds of the
Tavda Formation correspond, in opinion of Gni-
bidenko, to the respective normal-polarity chron in the
regional magnetostratigraphic scale of West Sibena. In
the general scale, they may span the interval of paleo-
magnetic chrons C16 and C15.

ONCE MORE ABOUT THE TAVDA
FORMATION AGE

Despite the diverse viewpoints on the Tavda Forma-

tion age, there is a number of undisputable observation
results.

First, nobody argues now against the two-member
structure of the Tavda Formation composed of two
transgressive—regressive sedimentary cycles in most
complete sections of central West Siberia and its
pernipheral zone. Transgressive facies of the cycles cor-
respond to clayey members, the principal ones in struc-
ture of the lower and upper Tavda subformations.

Second, the lower Tavda Subformation is naturally
Iimited by sand or sandstone members detectable in
logs as regional logging markers “T”" and “B.” In those
cases, when sandy character of sediments in the Tavda
Formation middle is not obvious, like for instance in
boreholes 9 and 011BP, paleontologists detect the cor-
responding level based on appearance of brackish-
water mollusks, abundant acritarchs and prasinophytes,
aquatic fern spores. It is also important that in latitudi-
nal profiles, which cross Paleogene deposits along and
on both sides of the Omsk—Novosibirsk railway, conti-
nental coaliferous facies replace marine sediments
beginning exactly from the logging marker “B.”

STRATIGRAPHY AND GEOLOGICAL CORRELATION
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Third, all fossil groups used to define ¢
mation age (ostracodes, Elasmobranchi;
minifers, mollusks, dinocysts) include many
which are characteristic of the following strati?n -
subdivisions in other regions: the Chegan F'::-1‘1711;:'&‘)*“c
Ustyurt, Aral and Turgai regions; Adaevky Fgmllor! of
of Mangyshlak; Rishtan, Isfara, Khanabad. and Suatl{m
horizons of marine Paleogene deposits in the Fe Tw
and Tajik depressions of Central Asia. Experts Oanana
minifers (Subbotina, 1937; Lipman, 1955: Ugpyj
1957) and other paleontologists (Boitsova e7 g 13.;3?
Khokhlova and Nikolaeva, 1964; Pangyy 19(3*'
already paid the necessary attention to ll:lis )
Kisel'man (1978) who compared benthic foramip
from Central Asia and Tavda Formation figured oy that
O of 16 elphidiid, nonionid, miliolid, and anomalinig
species were discovered first in the Tavda Horizop
while the other seven taxa were defined in Paleogee
deposits of Central Asia. “Cribroelphidium risdr?anj.
cum appears 1n the Rishtan strata and disappears at ghe
Sumsar level; Discorbis ferganensis and Nonion |gey;s
are detected in the Rishtan and Khanabad beds. being
unknown in Fergana above the latter. The most abyp.
dant species of the C. rischtanicum—Brotzenella mundg
(N. Bykova) assemblage 1s simultaneously widespread
in Khanabad and Sumsar strata of Fergana (Bykova

1939). Nonion graniferus Terquem 1s also confined to

the Khanabad level ... ... Since C. rischtanicum assem-
blage includes some polymorphinids, abundant miliol-
ids, and B. munda, it 1s close to assemblage of the Kha-
nabad regional stage™ (Kisel’'man, 1978; pp. 45, 46).
Admitting then that C. differensapertio subassemblage,
the upper one among three subassemblages distin-
cuished by M.V. Ushakova in the C. rischianicum
Beds, may correspond as well to a higher Sumsar level
of Central Asian sections, Kisel’man concluded never-
theless that this level “... can be correlated with the
lower—middle interval of the Sumsar Beds in Central
Asia.” It is also important that Kisel’man (like Ushak-
ova before) defined the appearance of C. rischtanicum
assemblage at the level of 25-30 m (Tyumen borehole

-

1-P) and 120 m (Tar profile) above the base of Tavda

Horizon. In our opinion, these data suggest, Fhough
indirectly, that lower beds of the Tavda Formation are
older than the late Eocene.

Taking into account recent age determinations of the
Sumsar Beds, we tried to define the Tavda Formation
age based on subdivisions of the regional Paleogene

scale of Central Asia. This was reasonable in VieW of

general paleogeographic situation in Eurasia during the
late Eocene, when the West Siberian sea, Tajik and Fer-
gana basins represented eastern gulfs of the Pe;l'
Tethys, in which eustatic movements were comparabie.

ifers §

he T{n'd , FOL |
, benthjg for. 8

It is important to compare the West Siberian and

Central Asian bio- and lithostratigraphic units, beﬁ‘-"f.‘":i
the Sumsar Beds of the Tajik and Fergana depressice
bear nannoplankton (Muzylev and Salibaey, 19 :
Muzylev et al., 1996). In the nannoplankton Hb‘&eg
blage from the upper Kushan (Khanabad) and Sum
2004
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deposits of the Tajik depression, Muzyjey identified
single specimens of Isthmolithus recurvus, the index

species of zone NP19/20. In the Sumsar Beds, nanno-
plankton of this zone 1s more abundant and djy
the Fergana depression, the other index species Dis

coaster barbadiensis was found in upper marine de of;:
its of the Sumsar sequence stratotype near the tow[; {E)f
[sfara. The nannoplankton assemblage characteristic of
zone NP19/20 is also known from the Shor-su section
of the Fergana depression. In addition to above index
species, the assemblage includes Rhabdosphaerq
spinula, Rh. crebra, and Braarudosphaera bigelowi

Muzylev termed it the Istmolithus recurvus——Sphenr):
lithus pseudoradians assemblage of undivided zones
NP19/NP20 of the terminal late Eocene. l

Muzylev et al. (1996) also reported that in the Fer-
gana depression the Sumsar Beds transgressively over-

lap the eroded surface of older deposits, the Turkestan
strata included, as it was first noted by Makarova and
Mironova (1964) and then by Salibaev (1982). Thus,
the upper Eocene of Central Asian depressions is repre-
sented by two (but not one) transgressive-regressive
cycles, one of the late Rishtan—Khanabad and the other
one of the Sumsar time. Transition from the lower Rish-
tan sands to upper Rishtan slightly calcareous clays
marks the commencement of the first cycle. It was a
conventional decision to regard the middle-upper
Eocene boundary as coinciding with boundary between
the cycles, because nannoplankton of upper Rishtan
deposits 1s lacking index species. In opinion of
Muzylev, appearance of Crubrocentrum reticulatum
“implies that host deposits are not older than the late
middle Eocene; the event does not specify stratigraphic
position of the Rishtan Horizon being consistent with
available viewpoints” (Muzylev et al., 1996, p. 42). The
regression peak of the first cycle corresponds to the pre-
Sumsar hiatus. The second (Sumsar) cycle 1s reduced,
represented by transgressive half-cycle only (calcare-
ous clays with abundant nannoplankton), and 1ts regres-
sive part i1s consumed by the pre-Massaget hiatus.
Muzylev and his colleagues correlated the mentioned
half-cycle with the late Priabonian (Lattorfian) eustatic
transgression. The same situation is established in the
Aral-Turgai region of the Turan plate, where the
regressive half-cycle of the Chegan sedimentary cycle
is also reduced, and Eocene assemblages of foramini-
fers and dinocysts are close in composition to Central
Asian and West Siberian counterparts.

In this connection, we should remind that second
(late Tavda) sedimentary cycle is actually represented
in studied sections of West Siberia by the lower trans-
gressive part, while the regressive half-cycle corre-
sponds either to the Kurgan Beds (if they are deposited
during the quick shoaling of the Tavda basin) or (o the
pre-Atlym hiatus. Anyway, the uniform eustatic trends
and great similarity between the Tavda and Rishtan—
Sumsar biotas suggest definitely, as we think, the late
Eocene age for the upper Tavda Subformation. In other
words, the interregional correlation supports conclu-

erse. In
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Sions based on «
dependent on
dinocysts, Spore
plants, and some ostracodes).

REGlgl;lﬁ, CONSIDERATIONS AND ANALYSIS
N T BA/E]NE PALEOGENE SECTIONS
e RABINSK LITHOLOGIC-FACIES

(DRILLING RESULTS OF 1950-1970)

undﬁiﬁnﬁﬂfr discussion of age problems, we should
st i to what extent biostratigraphy of studied
>ECHIONS 1s applicable to other areas of the Barabinsk
and surroundl{lg Ishim, Central, Narym, Ob, Kulunda
and Pavlqdar lithologic-facies zones, where cfeposits of
the Lyul_u?vor and Tavda formations are widespread
(T'he Unified..., 2001). First, we should consider data

on nearby boreholes.{ which penetrated throughout the
Paleogene sequence in these zones.

In the Barabinsk_ zone of West Siberia, profiles and
network of .exploratlon and Craelius drilling with asso-
ciated logging was in progress since the 1950s. A series
of boreholes drilled in the Tatarskoe. Ipatovo—Svetlin-
skaya, Fedorovskaya, Burlinskii and other exploration
areas elucidated the correlation potential of lithostrati-
graphic boundaries detectable in logs. Dozens of bore-
holes, which penetrated down to the top of Mesozoic
sequence and deeper (Omsk, Barabinsk, and other
sites), have been sampled and studied in detail (paleon-
tological analysis included) and can be regarded as the
Paleogene reference sections. Analyzing drilling results
published in the 1950s and 1960s, we should bear in
mind some necessary corrections. For instance, we
place the bed of glauconite sand (the logging marker
“T” between the Lyulinvor and Tavda formations) at the
base of the Tavda Formation, as it was done by Mar-
tynov (1967, 1968, 1973), Zal’tsman (1968) and
Shatskii (1978), although earlier, in 1955-1965, 1t was
regarded as terminal bed of the Lyulinvor Formation. In
general, ages of lithostratigraphic units were based at
that time on a few groups of fossils, and elaboration of
zonal scales for most informative groups just started.
T.F. Vozzhennikova did only first steps toward a com-
prehensive investigation of organic-walled phytoplank-
ton. Stratigraphic significance of planktonic foramini-
fers and Elasmobranchii was underestimated, and main
attention was paid to benthic foraminifers, siliceous
microplankton, ostracodes, and palynomorphs of ter-
restrial plants. Facing the undeveloped state of the gen-
eral stratigraphic scale for Paleogene, where even sub-
series ranges were inadequately substantiated, paleon-
tologists referred in their works to subdivisions of the
regional scale authorized for the Crimea—Caucasus
region. In particular, they correlated the greater part of
Lyulinvor Formation with the Bodrakian reglo.nal stage
and thus attributed it to the upper Eocene. As is known
now., this stage corresponds to tl_le middle Eocene, 1.€.,
to the Bartonian and partly Lutetian stages (the Kuberle
Horizon at least). Accordingly, we had to correct the
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Table 2. Principal characteristics of the marine Paleogene sections recos ered by reference boreholes in the Barabipgy lithe.

logic-facies zone of the West Siberian plate

Py oy
B T

Boreholes T
Position of markers and thickness : . et
of lithostratigraphic units 2 3 4 e
4 - E i —
Depth to the Tavda Formation top, m 274 254 317 299
Depth to the Tavda Formation base and thickness 435 443 475 434
ol basal sand bed (logging marker “T") 426-435 436-443 465-475 432-434
g ) 10 S
Thickness of the Tavda Formation, m 162 189 158 165
Depth to the horizon “B™ between lower and upper . 354.3-358 400-404 36()
Tavda subformations (after Gurari, Martynov, : S G S 1 -
Shatskii and others) and its thickness, m '
Depth to the horizon “B™ and its thickness (m) in the low- 7 388.3-388.5 406.2-410.4 Not detected | Not detected
er part of the Tavda Formation (after Zal'tsman, 1968) 0.5 4.2 C
Depth to the base of upper Lyulinvor Subformation; - +
presence (+) of basal horizon of glauconite sand 491-492.5 497-499 75 547 420)
and its thickness, m — g o g8 —
l .5 | 2.76 ! :l
Thickness of the upper Lyulinvor Subformation 57 . 54.5 ? 80 46
Depth range and thickness (m) of green clay member 450.9-4499 | 461-466 481-496 :
of the upper Lyulinvor Subformation 1.0 5.0 15 |
Depth range and thickness (m) of sand interlayers inside| 447.5-448 | = . .1 | Not detected Not detsca
the green clay member 0.5
Presence of fish remains (+) and diatoms of the Pyxilla oli- + + ? 7
gocaenica var. tenuis Zone (X) in the green clay member x X 9 )
Depth range and thickness (m) of glauconite-sand bed Jig=38Lt | 370-213.1D 598 512-522
at the base of lower Lyulinvor Subformation 2 215 ‘s |
Recovery range and thickness (m) of lower Lyulinvor 499.5-521 |1497.5-575.15 347-597 480-522
Subformation 28.5 79.65 50 42
Total thickness of Lyulinvor Formation, m 86 132 130 88
1 * e e
Depth range and thickness (m) of the Talitsa Formation Unknown i}(—?—)—l el l 06 L Unknown
Depth to the top of Mesozoic Gan’kino Formation, m | 321 1 591 607 522

former understanding of litho- and biostratigraphic
subdivisions of the Paleocene, lower and, especially,
upper Eocene.

The issues we paid attention to during comparison

and consideration of our results in the regional aspect
were as follows:

(1) Relationships between the Cenozoic base and

underlying Mesozoic deposits, the Gan’kino Formation
included,;

(2) Presence or absence of the Talitsa Formation in
the southeast of West Siberia:

(3) Erosion marks in sediments underlying the hori-
zon of glauconite sandstone with phosphorites. the
basal one in the lower Lyulinvor Subformation:

STRATIGRAPHY AND GEOLOGICAL CORRELATION

(4) The same characters near the base of the upper
Lyulinvor Subformation;

(5) Interlayers of sandy-silty glauconite-bearing
sediments at the base of green clay member of the
“Chegan” type (Nyurol’ka Formation s. str. after
Shatskii), which are detectable in some logs (e.g., Bore-
hole 9) and separate that member from the main upper
Lyulinvor sequence composed of gray opoka-like and
diatomaceous clays; their presence is significant there-
fore in view of hiatus at the Y presian-Lutetian bound-
ary level established in Borehole 9:

(6) Logging markers, which may correspond to sim-

tlar interlayers inside the green clay member, and their
correlation with breaks in sedimentation like the one
found in section of Borehole 9:
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— 1 Boreholes
6 10 11 o |
B ﬂ 9 53
292 i R i, 7 s
394 360 468 2(8’2 254 0. | 35
388394 352-360 464-468 . i it
e aa : 464468 472-485 344-352 260-3
4 T 2 360-367 101.5-104
102 92 160 180 : L e L
938 94
322.55 —-228. 1 9 307-309 388-39(0 274 .
. 5 " 1*1235 307-309 67.5-68.5
- ;
326-331 1 % l
Not detected Sarapi 23-427
ot detecte 2 e 9 313-315 333-336
2 R -
% :
j 378-380 492 ? 9 > 3
5 v : 389-390 147-148.3
] 3
743 20 24 9 35 7 4]';8
409.5-414.8 370 478-480 ‘ i b
etolnsd 4 /5—40U 503-506 362.5-363 .
Not detected Not detected Not detected Not detected Not detected Not detected Not detected
+ » 1 ? + 7 +
9 9 ? ) . i »
d_l_g{ 378-380 544—54_2_ 575-—589 400-405 417-419 160.5-161
) :: 2 5.0 & 2 0.5
437-464 380-411 492-544
o - i, Tty 30-419 148.3-161
52 13 29 12.7
70 o1 76 05 5 52 56.5
464-468 544-551
R T Unknown o Unknown Unknown Unknown Unknown
468 | 411 551 580 405 419 161a

(7) Data on coarser grain size in topmost strata of
the upper Lyulinvor Subformation, as they indirectly
suggest the basin shoaling, and on beds with diatoms of
the Pyxilla gracilis var. oli gocaenica £one, radiolarians
of the Lychnocanium separaiun assemblage, and
dinocysts replacing taxa of the Charlesdowniea clath-

rata s.1. Zone;

(8) Fish remains and planktonic foraminifers, if they
present in the green clay member and may be regarded
therefore as additional correlation criterion;

(9) The lateral extent of the 6ot sandy horizon at the
Tavda Formation base (logging marker “17) and indica-
tions of hiatus below this level;

(10) The lateral extent of sandy horizon (logging
marker “B”) inside the Tavda Formation, which was
discriminated first by F.G. Gurari and then by Martynov

and Shatskii, being regarded as the boundary level

between two subformations;

(11) Data clarifying age of upper Tavda horizons
and indications suggesting the transgressive character

of the uppermost clay member.

We analyzed the necessary information compiling
data on well-documented reference boreholes, those of
the Barabinsk and Omsk sites included, and summary
of collected materials is presented 1n Table 2. Geo-
graphic localities of boreholes we referred to are shown

region, We divide
insk zone not 1n
subformations, and this approach 1s
the Unified regional stratigraphic
easy therefore 10 compare

three, but 1n twWo

acknowledged 1n
scheme of 2001. [t was
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hthostratigraphic umits of studied boreholes 9 and
011BP with correlative subdivisions discnmunated by
Martynov (1967, 1968, 1973) and Zal'tsman m the
south of the West Sibenan plate, as one can see from
mformation on above issues (Table 2). especially on
those numbered 14 and 9.

- Let us comsider first the problem of Tahtsa Forma-
ton i the Barabinsk and adjacent zones. As is clear
from Table 2, thin sequences comparable with that for-
mation can be discnminated in sections of the Omsk,
Barabinsk, and Tatarskoe reference boreholes m the
northermmost area of the zone. Zal'tsman (1968, p. 14)
tentatively discnminated the Tahtsa Formation at the
base of the Paleogene in Borehole 32, the village of
Mikhailovka of the northern Kulunda area. His decr-
sion was musleading, as we think, because the cormre-
sponding 7-m-thick member (core recovery 1.2 monly)
is composed of alternating shales and siltstones, which
peniphery of the West Siberian depression, .2, in the

Zaisan basin, where they are of the same composition

and yield Danian flora of the Tsagayan type. Palynolog-
ical spectrum of Danian beds in that basin (Practical
Palwnology, 1990) is identical to spectra charactenstic
dmﬂmwkpmpmmedbym
holes in northern and easterm flanks of the Kazakh
Upland (Kopytova er al., 1960; Antypko, 1962; and
 others). In dozens of other boreholes dnlled m the
Barabinsk (central and southerm areas) and Kulunda
zones, the Lyulinvor Formation rests directly on the
eroded surface of Cretaceous deposits. It scems that the
Talitsa sea occupied only a narrow boundary temtory
between the Barabinsk and Central zones. In southem
areas of the Central zone, ... in the Tar reference sec-
tion, the Talnsa Formation of httle thickness i1s com-
_ - The hmited size of the Talitsa sea predetermuned
~ transgressive onlap relations between the basal coarse-
;‘-4"--1" wnite-phosnhon
zon has been penetrated by all reference boreholes

been _
It has been penetrated everywhere in the junction area
~of the Barabinsk and Kulunda zones at the depths of
523 and 500 m in boreholes 3 and 23, Trofimovka area.
at the depth of 510 m in Borehole 123, Berezovka area
(50 km southward of Borehole 9). and in Borehole 111,
of southern Pavlodar-Kulunda profile (Uspenka 35,
Kulunda 14, Efremovka 185 and 48) and those situated
~ in central and eastern Kulunda areas (Alekseevka.
presence of the basal sandy honzon under consider-
ation. Martynov

AKHMETEV er al

Gan'kino Formation and even lower Campan:. -
zons (Slavgorod Formation), as m central K hm- 8
areas, for instance. Charactenistic of the vyl
mation itself is persistent alternation of dari g r‘"
opokas, siltstones and sandstones of quarty o} ;:k“ -
type. which 1s established evervwhere. SR e ;:':'
In the Trans-Urals zone of West Siberia_ the Thae, |
uan agc of the Serov Formanon (age analoepe i | :":{:
lower Lyulinvor Subformation) s convincinet o -

“

L

stantiated based om sibocous mucroplanks on =d
dimocysts, whereas palynofioras plaved in CONrast ghe

prime role in correlation and age determination of haug -

m southeastern hithologic-facies zopes ]
studied dinocysts from Borehole 9 proved for the P
ume the Thanetian age of the lower Lvulimvor Subfs
mation and showed that our collcagues nghtfully
regarded this subdivision as concurrent in age 1o e

In distinction from lower subformation. discriming. |
tion of middle and upper subdivisions of the Lyulinvgr |
Formation was always problematic. In the BJI-M
zone, where formation was divided in two subforma.
tions, its terminal green clay member was included ingo
the upper Lyulinvor Subformation together with under. |
lying member of gray opoka-like clay and mudstiones.

as it is done, for instance, in documentation of cope |

samples from boreholes 9 and O11BP. In northedy
areas, closer to the Vasyugan River basin. the upper
subformation included the termmnal member only,
while the underlymng gray beds (diatomaceous opoka-

like clay. mudstones, and opokas) were attnbuted tothe

middle subformation (Knventsov, 1984). In addinonte
formerly different nomenclature of the same hthostrae-

- graphic units, we should also mention that there are
coarse-gramed honzons and erosion marks below them

at basal levels of the upper Lyulinvor Subformanon (as
it 1s ranked in the Barabinsk zone) and its ternunal

member. Beds of this kind are often detectable alsom
borehole logs, as one can see in Table 2. Similar data

are known as well in southem and northem arcas of

West Siberia (Martynov, 1967, 1968, 1973; Zal'tsman,
1968; Antypko, 1962; Dergachev and Lysenko, 1984} =

Because the green clay member penetrated by Borehole
9 vielded planktonic foraminifers, it is appropnaie @
mention here data elucidating the character of contat =
between this unit and underlying gray diatomaceoss -
and opoka-like clays in the Vasyugan River basin, the
stratotype area of the Nyurol'ka Formation disti= =
guished by Shatskii. After geological survey inthisaga =
{Nyurol'ka and Chizhapka rivers. Ob River left b
taries upstream of the Vasyugan River mouthh =
Kniventsov (1984, p. 89) wrote: “The upper Lyulmvee =
sequence (Nyurol'ka Formation after Shatskn) is come =
posed of clay that is greenish gray when naturally wet
to greenmish yellow in dry state, compact or platy. with
finest laminae of silt, mica, or microscopic plant deti= =
tus. At the contact with underlying deposits. there 38
erosion marks, laminae of sand, separate quartz peoo&s
and clay pellets.” He observed the same peculianues® 2

STRATIGRAPHY AND GEOLOGICAL CORRELATION Vol 12 No. § 0




NEW DATA ON THE MARINE PALEOGENE OF THE SOuU

sections of boreholes 5k and 45p drilled in the ik
River basin and was first to nm.epthat the ﬂl:atl‘lhst‘.cl')r:;;:)li
gene sequence is of maxi,mum thickness (over 300 m)
precisely in the Nyurol'’ka depression. Considering
arguments in favor of hiatus below the base of green
clay member, we Sh{_)l.lld bear in mind as well the two
points of interest. First, development of transgression
usually results in erosion of basal transgressive facies
and contact with underlying sediments may comaspom:i
{0 a Cryptic hiatus, and second, sandy beds of Insignifi-
cant thickness may be washed out by drlling and
removed from borehole by flushing. Nevertheless. manv
logs show that oniginally they were in the sequence.
Thus, the discrete age of green clay member and indica-
tions of erosion at its base may be taken for areuments in
favor of rehabilitation of the Nyurol’ka Formation.

Situated at the Tavda Formation base, glauconite
sand and sandstone beds with erosion marks below
them (logging marker “T"") are widespread in southern
areas of West Sibena (see Table 2), especially in the
marginal plate zone adjacent to fold structures of Kaza-
khstan, Altai, and the Salair Range. Borehole 3 near the
village of Trofimovka (Kulunda zone) penetrated bed
of this kind, which i1s 10 m thick, and similar beds were
detected at the Kulunda, Slavgorod, and other sites
(Zal’tsman, 1968). Numerous boreholes drilled in Cen-
tral and Narym zones outlined distribution areas of the
Tavda basal sands in the Ob—Irtysh interfluve and Vas-
yugan River basin (Shatski er al., 1973; Kriventsov,
1973, 1984). Deposition of these coarse-grained sedi-
ments postdated shoaling of the Lyulinvor basin, which
is evident from changes 1n diatom and dinoflagellate
assemblages and from mass abundance of acritarchs
and prasinophytes (Paucilobimorpha, Micrhystridium)
at the corresponding level. The basin remained shallow
until the commencement of the early Tavda transgres-
sion. The Lyulinvor-Tavda transition i1s not uniform
over West Siberia. In the Central zone, it 1s gradual,
demonstrating transition from green clay beds to the so-
called Taichi member (Martynov, 1973) of alternating
sandstones, siltstones and shales, and then again to clay
beds prevailing in the Tavda sequence. In places, break
in sedimentation was insignificant, and Lutetian regres-
sive beds (green clays) of the Lyulinvor sedimentary
cycle are preserved in the sequence to a considerable
extent (Borehole 9). In other cases nevertheless, these
beds are eroded completely or almost completely
(Borehole 011BP), and the basal sandstone bed of the
Tavda Formation directly overlies the gray member of
diatomaceous clays. In marginal areas of the West Sibe-
rian basin, the pre-Tavda hiatus can be larger, corre-
sponding in range to two microplankton zones (Iakovl-

eva, 1999).

OCEANIC INFLUENCE ON SEDIMENTATION
IN THE WEST SIBERIAN INNER SEA

Complicated relationships between the Lyulinvor
and Tavda formations originated in response to change-

g
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THERN WEST SIBERIAN PLATE

upper Lyulim-'qr Subformation corresponded 10 the
time, when sedimentation was under great influence of
Z\l{%l:;:du&el:s and the Inner sea was connected with the

ean. This is evident from organogenic opal

Egensent In sediments depleted in the heavy mineral frac-

Umglugz% lxl;'fefx;lti) ].:utetian. when accumulation of the
t:ion B s r commenced, biota and sedimenta-
vl Somhgxpenenc_ed mﬂuence of bqth the

_ : M oceanic waters, as the basin was
of maximum size at that time of the high sea-level stand
in the World Ocean. Later on, when effect of arctic
waters became weaker, influence of the Tethvs
Increased, and planktonic foraminifers appeared in the
basin. In addition, the growing impact of southern con-
nections conditioned participation of carbonate compo-
nents in sedimentation, decrease and subsequent disap-
pearance of organogenic opal from sediments, which
became enriched in glauconite, chlorite, and epidote
responsible for their green coloration. The arctic influ-
ence completely ceased in the Bartonian time, espe-
cially in southern areas of the plate, as it is recorded
across the Lyulinvor-Tavda boundary. Tethyan waters
influenced sedimentation of this time not so intensely
as well, because the late Eocene was a period of general
sea-level drop in the World Ocean. Two transgressions
of the Tavda period advanced however from the south,
and both caused increase of sedimentation rates and
higher contents of chlorite and epidote in sediments.
These indications suggest a noticeable shoaling of the
basin rather than crustal subsidence, and compensated
sedimentation reduced the basin depth from hundreds
to a few dozens of meters in average. The much lower
“offshore distance coefficients™ calculated for respec-
tive palynological spectra are indirect arguments In
favor of this process.

The logging marker “B” and corresponding layer of
glauconite sand between the lower and upper Tavda
subformations can be diachronous in different litho-
logic-facies zones, as the marker is at a lower strati-
graphic position in southern sections. At the same time,
the Tavda Formation is of a distinct three-member
structure in southeastern areas of the West Sibenan
plate, especially in the Kulunda zone, where its lower
and upper transgressive clay beds are separated by the
middle member of siltstones deposited in shallow set-
tings, as established in sections of boreholes 9 and
011BP. In the eastward direction, these shallow-water
sediments grade into continental coaliferous deposits.
Farther to the east, rocks of the Tavda formation are
completely replaced by continental sediments of the
Yurkovo Formation. In their interpretation of the above
facies trend, Gurari and Shatskii suggested that after the
middle member continental deposits of eastern areas
replace clays of the lower Tavda Subformation and all

sediments constitute here a single continental
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sequence. In therr opinion, closer to the west the forma-
tion is of the two-members structure with a thin wedge
of upper transgressive clays, which pinch out in east-
erly areas. The contact between clays of the upper
Tavda Subformation and overlying gray sandy-silty
deposits of the Isil’kul (Atlym) Formation is of a dis-
tinct transgressive type, indicative of erosion below it,
and the subformation is represented in studied sections
by its transgressive half-cycle only.

CLIMATE

Paleocene and Eocene climatic fluctuations in
southern areas of West Siberia depended on global and
regional factors. The latter, i.e., the character of the
inner epicontinental sea connections with the Arctic
and Tethyan oceanic basins controlled the paleotemper-
ature and humidity fluctuations, the annual precipita-
tion trends included. Indicators of relatively high tem-
perature of near-surface waters in the sea, especially
during the early Eocene, are the high diversity of
microplankton, foraminifers of genera Acarinina and
Hantkenina, which are found in sediments and charac-
teristic of the Earth subtropical areas, some radiolarians
also typical of these areas (e.g., species of the B. cli-
nata-B. longa Zone), and chorate cysts prevailing in
phytoplankton. The latter dwell in seas, where temper-
ature of the upper photic zone is up to 20°C. Terrestrial
vegetation 1s even more sensitive to climatic changes.
As 1s known for a long time, palyno- and macrofloras
from marine or alternating marine and continental
Paleogene strata of the study region include several
groups of dominant taxa, which successively replace
one another in the section and have been used to denote
the respective zonal assemblages. For instance,
Fagaceae pollen of the Castanea crenataeformis-
Castanopsis pseudocingulum palynozone is very abun-
dant in the late Ypresian-Lutetian strata. In Bartonian
deposits, Fagaceae are of another taxonomic composi-
tion, and pollen of above palynozone occurs in associ-
ation with smaller pollen of oaks of the Quercus graci-
lis=Quercus graciliformis group. The Priabonian sedi-
ments yield only pollen of the last group.

The same succession of generic taxa is characteris-
tic of macrofloras from the Pavlodar area. Here, the
Y presian-early Lutetian Karasor flora with dominant
broad-leaved Castanopsis and Lauraceae forms gIves
way upward to Bartonian Takyrsor, Zhamantuz and
other xeromorphic subtropical floras, in which small-
leaved sclerophyllous oaks are dominant taxa (Makul-
bekov, 1972, 1997; Akhmet’ev et al., in press).

In the present-day vegetation cover, Castanea and
especially Castanopsis forms (over 100 species in total)
are widespread in tropical and subtropical areas, mainly
in Southeast Asia with its monsoon climate and precip-
itation maximum in summer time (Burma, Vietnam,
southern and southeastern China, southern Japan).
Recent counterparts of sclerophyllous oaks are also
characteristic of seasonal climatic areas, though of the
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Mediterranean type in this case, with DreCipitas:
peaks during the winter season. Besides the Medit

nean, oaks of this kind are widespread in the :
ern United States and adjacent areas of M
monsoon climate of the early Eocene developed ip th
study region because of through connections betw "
the Tethys and Arctic ocean via the Turgai strag :g
West Siberian sea. Hindering of connections in the te
minal Lutetian and earliest Bartonian gave rige tor- E
wide development of xeromorphic sclerophyllous o aki

in the vegetation cover. By the terminal Bartonian gngq
in Priabonian, when the West Siberian sea was com. -
pletely 1solated from the Arctic Ocean, the Mediterry.

nean climate replaced the former one with summer
monsoons. At that time, the West Siberian basin lookeq &
like a giant gulf extending far northward from the &
Tethys marginal zone. ;

€Xico. The

An 1nsignificant mid-Priabonian cooling deter-
mined a higher percentage of coniferous, Betulaceae,
and Juglandaceae pollen in palynological spectra. The
reduced content of gymnosperm pollen in the upper
30-m-thick sequence of the Tavda Formation in Bore-
hole 9 and concurrent abundance growth of evergreen
deciduous angiosperm taxa of thermophilic affinity
imply that subsequent annual temperature increase of
2-3°C was connected with transgression of the late
Tavda time, when climate became more humid. The
respective period of subtropical climate lasted until the
end of Eocene. .

CONCLUSION

(1) Two reference boreholes drilled in the Barabinsk
lithologic-facies zone penetrated through the marine
Paleogene sequence of the West Siberian plate. Bios-
tratigraphy of the recovered core sections was studied
based on different fossil groups, magnetostratigraphic
data, and results of electric and gamma logs. The distin-
guished biostratigraphic units of a high correlation =
potential add details to former stratigraphic schemes
and characterize a series of isochronous levels traceable
within and outside the West Siberian plate.

(2) Formerly, the Paleocene~Eocene sedimentation =
in the study region was regarded as uninterrupted, but =
we established several stratigraphic hiatuses, which =
may be related to displacements of basement blocks =
and eustatic fluctuations. The partial erosion of sedi- =
ments took place in periods, when sedimentation =
regime in the West Siberian inner sea changed under =
influence of oceanic water masses located northward =
and n the south. §

(3) The nannoplankton assemblage characteristic of
the Gan’kino Formation upper strata is discovered for =
the first time in West Siberia. Planktonic foraminifers
of genera Acarinina, Hantkenina, and Turborotalia are
found at several stratigraphic levels in association with
radiolarians, organic-walled phytoplankton, and
palynomorphs of higher plants. Based on concurrent =
2004

Wlld - No. o




NEW DATA
ON THE MARINE PALEOGENE OF THE SOy
THE

remains. Accumulation environments of this

crowning the upper Lyulinvor Subformati
dated. The Bartonian age of most lypicaai 11(“)12;-?
of the lower Tavda Subformation is approved

(4) Erosion surfaces established at the b
ofthe green clay member of the upper Lyulinvor St

formation bring forward a problem of iy
the former Nyurol’ka Formation. "ehabilitation of

(5) Sea transgressions of eustatic origj

amplitude took place in the Ypresian, rrglilgdzigdL%l;ee?..teSt
late Bartonian, and late Priabonian. The Ypresian ;ané
[ utetian transgressions advanced in counterL mamnn

from the Tethys and Arctic Ocean. The Arctic inﬂueng :
on sedimentation dominated in the Ypresian and th:
Tethyan one in the Lutetian, as it follows from biogeo-
graphic analysis of different fossil groups. Transggres_
sions and sea currents were interrelated. Throughout
the Eocene, the southwestern part of the plate was
within zone of the warm southern stream via the Turgai
strait (Akhmet’ev et al., 2001). That is why the most
thermophilic and diverse assemblages of siliceous and
organic-walled microplankton were found in associa-
tion with planktonic foraminifers at several levels of the
Lyulinvor and Tavda formations of the Barabinsk struc-
tural-facies zone. The basin shoaling in the early Barto-
nian and at the end of the Lyulinvor time antedated the
commencement of sedimentation of the Tavda period.

(6) Stages of a considerable basin shoaling (terminal
Thanetian, late Lutetian—early Bartonian, and Priabon-
ian) are recorded at the levels of mass abundance of
prasinophytes and acritarchs, where abundance and
diversity of dinocysts is simultaneously reduced and
the offshore distance coefficients are low. Shoaling of
the mid-Tavda time was accompanied by freshening in
the near-surface water layer. This event is evident from
appearance of thin-walled Hystrichokolpoma, abun-
dant spores Hydropteris indutus and Azolla, and infre-
quent Pediastrum specimens.

(7) We managed to determine age and to establish
limitations of two transgressive—regressive sedimen-
tary cycles of the Tavda Formation. The upper one 1s
reduced and represented by the transgressive half-cycle
only.

(8) In organic-walled phytoplankton of the Tavda
Formation, the increase of abundance and diversity of
cavate cysts is accompanied by growing content of
endemic taxa. This is a consequence of climatic zoning
and progressing basin isolation (in regressive phases
especially) from oceans. Freshening of surface waters
was also favorable for intense development of prasino-

phytes and acritarchs.

(9) In all transgressive members of the studied sec-
tions, there is microplankton redeposited from older
strata. Cretaceous and even Jurassic radiolarians have
been encountered in gray opoka-like clays of the upper
Lyulinvor Subformation, Paleocene dinocysts 1n the

re eluci-
ne facies
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ocene—early Eocenc thﬁ Stame subformation, and Pale-
clay member of the T Phytoplankton in transgressive

avda Formation
(10) I '
tuation)s gesgleunt;l:gn areas of West Siberia, climatic fluc-
e o on changeable connections between
o aspectnar ad_]zllcent oceans. Important in paleo-
P € palynological data on distribution of
: pollen in Ypresian—Lutetian d i ]
rly of taxa from C | et e
s Rt astanopsis, Castanea, and Quercus
il ciimatic © their geographic ranges are now under
of the termina(l:??;{;ls:i;fcﬁrcth?g sty e
s | —Lutetian period in the stud
foil;;}gr %ag;,sgk:xix:p?f\%l;e:ﬁ 1111: Imgdle latitudes of thi
. € Far bast, subtropical, o

géea Smonsoon type, with precipitation peaks iniummeﬁ
- ons. In the Bartonian and Priabonian, when the
Oest Slbe_rlan_ sea lost connections with the Arctic

cean, chmatic conditions resembled those of the
present-day Mediterranean region, where the precipita-
tion maximum 1s characteristic of the winter period.
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