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Abstract—The Paleocene—Eocene marine deposits recovered by two refeljence borc_holf_::s ( Ol*l BP and 9) in the
Omsk depression, the southwestern Siberian platq, have been cml}prehe_nswely studied in various pa!Ui}ﬂli log-
ical aspects. Geology of the depression and associated Chany basin, which are structural elements of the Bara-
binsk lithologic—facies zone, is briefly described. Zonal assemblages of radiolarians, diatoms, ostracodes,
benthic and planktonic foraminifers, organic—wal_led phquplgnkton, spores and pol!en are ChElI:EiClCI‘l?,Cd. Bios-
tratigraphic data are supplemented with lithological description of regional formations and with results of the
electric logging and magnetostratigraphic study of Paleogene deposits that has been carried out for the first time

in the West Siberian plate.

Key words: Paleogene, Eocene, Paleocene, West Siberian plate, foraminifers, dinocysts, radiolarians, diatoms,
ostracodes, magnetostratigraphy, polarity zones, Gan’kino, Lyulinvor and Tavda formations.

INTRODUCTION

In addition to all the materials summarized in the
correlation part of the unified regional stratigraphic
scheme for Paleogene deposits of West Siberia [1], sys-
tematization of available paleontological data was used
to substantiate the regional scales of the scheme. The
results were published in a collective work by members
of the Commission on the Paleogene System of the
Interdepartmental Stratigraphic Committee [2] who
emphasized that elucidation of time-and-space rela-
tions between the Gan’kino, Lyulinvor, and Tavda
sequences and synonymous formations widespread in
the study region is the key problem of the marine Paleo-
gene stratigraphy. Unfortunately, the results of multi-

disciplinary study of boreholes 011BP and 9 drilled by

the Omsk Expedition for Geological Prospecting in the
south of West Siberia have not been timely considered
~In the full measure at the preparation time of the
scheme and above publication. The paleontological
study of both core sections has been accomplished

D 1. Vitukhin (radiolarians); Z.1. Glezer, N.I. Strel'nik-
ova, and E. P. Radionova (diatomaceous algae); .A.Ni
kolaeva (ostracodes); G.N. Aleksandrova, N.I. Zapor-
ozhets, and I.A. Kul’kova (organic-walled phytoplank-
ton); V.N. Beniamovskii (foraminifers); and
M.N. Ovechkina (nannoplankton). V.A. Krushchnmmlku}
examined rock samples bearing planktonic foramint
fers. Zh.A. Dolya and V.D. Dergachev were charged (0
select the borehole sites, to control the drilling and hj;ﬁ-
ging operations, and to compile and document the core
sections. Z.N. Gnibidenko was responsible for the p;*l.lg-
omagnetic research and magnelostruti_gruph;c charac-
terization of both reference sections drilled for the lfrj!
time throughout the marine Paleogene of Wes! S'h““f;‘i
and correlated with the time scale by Berggren ¢ {H
[3] M.A. Akhmet'ev and V.N. BEHiHmOE"SkII headex
the team and coordinated investigation in general

- 7 AREA
A GEOLOGIC OUTLINE OF THE §TUI)\N .;Rl-
AND RECOVERED CORE SECTION:

| »qS1-
Borehole 011BP has been drilled 1.5 k”};.wih;;:nk
ward of the Achair Settlement, the Irtysh K1Y
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of Omsk, and Borehole 9 1s situated
Jovka Village 25 km southeastward of Chis-

tion (Omsk—Kulunda railway) at the south-

ast of the Chany Lake (Fig. 1). The bore-
rilled within the spacious Barabinsk litho-

e il

es zone (or region) distinguished in the south
est Siberian plate. In terms of tectonics, the
part corresponds to the Omsk depression
both boreholes are in the southern limb of the

e depression formation took place since the
- Mesozoic tir 1e. The Chany basin development within
 this large structure of the plate is recorded since the

& oy & _

ime. The upper Lyulinvor Subformation

I.'- _1 .
gy

oy

vda Formation are nearly as thick in the drilling
s in '“* st downwarped parts of the plate. The
level of boundaries between the Paleogenc lithos-
aphic subdivisions undulates depending on auxil-

| uplifts and downwarps (Chistozernoe depres-
ell. etc.), development of which contin-

L LA

rc ’the Paleogene [5]. Borehole 011BP IS

any basin axis oriented parallel to the
iver valley, where the crust downwarped most

ely during the Eocene. In the southern part of
stozemoe depression, where Borehole 9 is
ie depth to the Paleogene base ranges [Tt

0 m. The situation around the Borehole 011BP
1e same, although the Paleogene piso has Dol
rated here. The depth to the Tavda Forma 100

1 the range of 250-280 m, and the total

of Paleogene marine deposits in the Chany

tratigraphy and biozonation of recovered
llustrated in Figs. 24 Drilling at the sit€
minated at the depth of 498 m, and bore.
i here the complete Tavda Formation and

EOLOGICAL CORRELATI

ON Vol. 12

Fig. 1. Geographic localities of studied boreholes.

tion. Borehole 9 reached the upper Maastrichtian clay
of the Gan’kino Formation at the depth of 521 m. Ori-
ented rock samples for paleomagnetic measurements
have been taken with intervals of 0.5 to 1m in between.

The recovered core sections are lacking rocks of the
Talitsa Formation, and the Paleogene sequence begins
at both sites, like in many other areas of the Barabinsk
lithologic-facies zone, with opoka and sandstone beds
of the lower Lyulinvor Subformation. The latter 1S OVer-
lain with a hiatus by the basal horizon of glauconite
sandstone of the upper Lyulinvor Subformation. The
horizon penetrated in the depth interval of 492.5-490 m
.« 7 5 m thick. In the core section 9 that s stratigraphi-
cally more complete, the upper subformation is divided
in two members: the lower one composed of gray diato-
maceous and opoka-like clay with rare opoka interlay-
ers. and the upper member of greenish clay beds, which
are less siliceous, bearing fish remains, and yield the
diverse assemblages of diatoms, radiolarians, sili-
coflagellates, and dinocysts. For'me_rl_y, Shatskii [6]
regarded the upper member as the individual Nyurol'ka
Formation. In the core section 011BP, this member 18
almost completely eroded. Separate 1nterlqyers of
greenish glauconite sandstones occur sporadically at
different stratigraphic levels in both members. One of
them most distinct in the core section 9 and confined to

the boundary between the gray and greenis
was penetrated in the depth interval of 451-450 m.

In the upper 2- 1O 3-m-thick interval of the upper

Lyulinvor Subformation, clay 18 enriched in silty and

.1 prevailing over the clay matrix at the
o g 'glly .1 the core section 9. In the

formation top, especid _
o ion. the contact between Lyulinvor and Tavda

t distinct. At the base of the latter, _thex:e
dstone and siltstone, which 18
log, being correl-

d clearly depicted in the
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Fig. 4. Lithology and correlated biostratigraphic sCaIes_, Borehole 011BP, depth interval of 498-260 m (symbols as in Fig. 3).

regations. The purer clay is characteristic of lower and  the middle one composed of silty clay. The three-men-
upper parts of the formation sequence, which character-  ber structure (if the basal sand bed penetrated by Bore-
ize the true marine facies of the lower and upper Tavda  hole 9 is excluded) is readily distinguishable 10 ET{ulil
subformations. Between these clay members, there is  core sections. The Tavda Formation of the West 510
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L ased to be divided in two subformations, the
ian P which includes the 'mld_dle and upper mem-
followed this tradition in our work as well.

erS: L less, the middle member composed of shal-

Never ies yielding a specific assemblage of organic-

| oar oplankton can be regarded as an individual

} hiC subdiVlSlon. As 1t will be shown 1n the
pstrati=te® . devoted to discussion of the results
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E’f::;dm;;um. Acritarchs are represented by Fromea
‘ny h:'a, ; lc;ewgara, F. fragilis, and Micrhystridium sp.
annoplankton 1s typical of the u
AL ppermost Maas-
trichtian zone CC26. About 50 species have been iden-

tified 1n rock samples
ples from the depth levels of 527
525.5, 524, 522.5 and 521 m. Most characteristic of

wem are Lithraphidites quadratus, Micula mura, and
eophrolithus frequens.

next O% e core sections under consideration do not

' tially from other _sections recovered by p llfo{'amm{f ers (the Spivoplectammina kasanzevi-
. “+he Barabinsk zone. All the sec- ulimina rosenkrantzi Zone of the upper Maastrichtian

oholes in t

L i

also very

S b i -
A L
P aE,

similar in parameters of electric logs. ¢ West Siberia) represent an assemblage of benthic
orms. The assemblage consists of the following spe-

. 1l s i B e iy
R § L "
- T It L
'-.-.-- -,d.‘l.!- i . €2 gk s -
BT e e
B - - by
3 F 1 - -

K

= cies Spiroplectammina kasanzevi, Gaudryina rugosa
PALEONTOLOGIC AL Spmulosa, Dentalina cylindracea, Asracorlyus Omsfien-
'NLAGNETOSTRATIGRAPHIC sis, Globulina lacrima subsphaerica, G. veronica,
CHARACTER[ZATION Gyroidinoides obliquaseptatus, G. turgidus, Valvuli-

noides umovi, Eponides sibiricus, Cibicidoides bembix,

; O bdivision, except for  Fa'king ﬁmr:enﬁ'ua. 5seudospinulosa, Cibicides gankinoensts,
|ithostratigraP™; _ : _ nomalinoides pinguis, Bolivina plaita, Pseudouviger-
” Jower Lyulinvor Subformation pene- jnq plummerae ang Bulimina thr?hedm s o
o ed by Borel ole 9 only, 18 characterized below based 0 : '
" data obtained for two core sections. Paleontological foun;ff‘ a‘lf’d” :’2.“&3 Uppfr ((Zdreta;:lefuslhavfesggesn
A e uniformly presented beginning from data in four studied samples (ceptn ‘evess © A,
né are un yy & 5 5.24, 522. and 521 m). These are Cetherella temporabi-
lis. Cetherella sp., Pseudobythocythere yerganica,

e organic-walled phytoplankton that 1s of a high

v oranhic resolution and has been encountered in all ohe v . ; :
Sstratigl ™™™ - C}*Ihere (?) sibirica, Xestoleberis saratoensis, Krithe

; simplex, K bronnemai, Bairdopillata simplicatilis,

Curfsina notabilis, Clithrocytheridea schweyeri, Phys-

| ocythere virginea, and Pterigocytheiris pallensa.

tion penetrated in the depth interval of ”Sp(gies and ;}?_llen. Dc;mmgnt in the _palyn_o%loglﬁal
n is composed of massive to laminated clays 35’*{“;“! ey P.‘”M i "'C‘::j 1;‘, 3355“330“ iy POtll e;

e aomented molluscan sh ells. echinoid spines, archaic species £inus spp. and Pseudocedrus sp. Polle

e Trudopollis sp. occurs as single grains.

to compact presentation of matenals, every

Gan 'kino Formation

: S, r.' - .._l. _ '

i
L -
o

o,
©
!
e
T
E
¥
s
)

- 5
.

e

ic-" ed phytoplankton nannoplankton, fora- |
B o 1 Magnetostratigraphy. 'The normal and reversed
: : - —— es"' . r 5
polarities of rocks have been established respectively

- ic-walled phytoplankion (samples from
avels of 525.5 and 572.5 m) is represented by 30
st species and by 8 species of _prasmophyte_s and . (Fig. 5).
hs (Table 1), which characterize the Cerodinium : . - ernin
lii Beds of the mid-upper Maastrichtian. The Electric and gamma-ray logging. In distinction
B mhlace includes the following taxa: from the Lyulinvor Formation, the more calcareous
9 Etnice. Ph. 7v oligerum, Lacinia- rocks of the Gan’ kino Formation reveal a higher natqral
E—y o : .o~ 5 : versus 4 mir/h. The correspondmg

T ey dioactivity of &
of. firmum, Trythirodinium eviiil, Kal- ™ 2N . . -
e i e A s less differentiated Fig. 6).
idium spp., Membranos phaera maatsrichiica. camma-ray reading 1s 1 (F1g
tosphaeridium tubiferum, Microdinium orna-

dentatum, M. kustanaicum, C hatangiella gran- Lyulinvor Formation

ngiella spp., Fibradintum 5p. e Lower Lyulinvor Subformation. Borehole 9 pene-

for the lower and upper parts of the clay member
(apparent thickness 7 m) at the top of Gan’kino Forma-

n, C. diebelii, Cerodinium sp.1, Isabelid- rated rocks of this <ubformation in the depth interval of
520.5-493 m. The unit is composed of) alte:inatu:jg
Bilim pyrophor i ka. clay (0 oka-like and diatomaceous), an sana-

chosphae ndmm sp-, Glyphanodinium g&i s beds).{ Th% basal bed of clayey ploturbated sand-
rdosphaeridium _ funicicani. (RIS fne (1.5 m thick) 1656 o0 the erosion surface o {75
QEnospacra LERpE life gm,l tre;:; gG lg. Gan’kino Formation. Organic remains arekrepreseélr eS
,{';ai;en;:ﬁz;m% ifti;lgsl; a ;{ e foraminifers, organic-walled phytoplankton, spores,
. Cyél:r’;edl::f;:;":;"l IE)?:sentyil'l Organi c-walled ;i?hy t‘i’p l‘:’fnlsaiogn lssllgagift%% {'rosna63
e, ' les, the depth levels O : : ey ’
e | ir;ﬁ-; ;oa?:gf;"i; él'f_ %%"219 496, and 494 m. Over 40 dinocyst Species and 8
' e characteristic of the genus [l'l'asint::)l)h)’te al

snikoon australis, Connexrimura fimbriata,
inium pyrophorum, Exochosphaeridium ct.
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s of dinoflagellates in the section pene

Table 1. Zonation and distribution range ——— [
v ¥ e S SIS SRS

—=—

alaeoperidinium pyrophorum

=

Cerodinium diebelii
vstrichosphaeridium tubiferum

ordosphaeridium funiculation

chomosphaera ramulifera
’Phanerodinium sonciniae

aralecaniella sp.
Glyphanodinium facetum

1 Formation, Subformation
Dinocyst assemblages

and zones
Th

Cerodinium speciosum

Trigonopyxidia sp.
Microdinium ornanom
Batiacasphaera sp.

Seres

Stage

M. dentatum
M. kustanaicum

|

2| Depth level, m

-

ci‘-.i
SE

8

E 304 -4 -+
K- 313

A 326

v 14
L.‘r}_| é I ol j
5 =

CCA

’Ph. veligerum

Membranosphaera maastrichnica

rated by Borehole 9

I Sp.
)

dinmtium evitti
S,

Ty
.‘E r"' "‘I.L-I

ciniadinium cf. firmum
Exochosphaeridium cf. bifidum

hatangiella granuligera
hatangiella spp.

lterbia? sp.

Glaphyrocysta ordinata

Kallosphaeridium sp.
Tryt

Areoligera sp.
Leberidocysta? sp.

Fibradinium sp.

| (Palaeo
X er
!"_'
L1

337 4
143
159
167 —
180
RL
400
408
412
420
435
437
444
4432
| 444
444.6
445.6 f—+—+
4463 F—1—1 -
447
448
449.6
451
454
458
S 460
462 e e I
464
466
468
474
477
478 8

480
483
486
489
491

492.5
Aph 496
502

506
511
Sl4
516
518

{4 | Jooc] 5

Hi-P

Tavda
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depth interval from 518 to 496 m (A. margarita Zone of

the lower Thanetian). Distribution of phytoplankton
fqnns 1s outlined in Table 1. Taxa dominating among
dinocysts are Alisocysta margarita, Alterbidinium rug-
ulum, Cer(r)dinium speciosum, C. striatum, C. depres;

ligera senonensis, Areoligera coronata, and spe
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sum, Deflandrea denticulata, D. oebisfeldensts. ';-Mwi"
- c1es O
Cordosphaeridium, Spiniferites, and A::"hrwf’~5'["h_"“_”:_f
genera, while Noremia sp. and Fromea torms d“'ﬂ'?”?d’;
among prasinophytes and acritarchs. Apectodini
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Magnetostratigraphy. The lower Lyulinvor Subfor-
mation spans four zones N, 11, R,I1, N,lII, and R,II of nor-
mal and reversed polarity, which are 9, 5, 4, and 9 m
thick, respectively. The lower (N,ll) and upper (R,11)
ones are longest in duration (Fig. 5).

Electric logging. Records in electric logs for the

lower Lyulinvor Subformation are poorly differenti-
ated. The apparent resistivity values (AR) correspond
to 4-5 ohm. Spontaneous polarization (SP) is also low
(3 to 4 mV). In the basal sandstone bed, the AR and SP
parameters increase up to 12-15 ohm and 7-12 mV,

respectively (Fig. 6).
- Upper Lyulinvor Subformation. The subforma-

tion penetrated by Borehole 9 in the depth interval of
493-435 m is 58 m thick. Its basal bed of fine-grained

glauconite sandstone overlies the erosion surface of
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underlying deposits. Distinguishable in the rest of the
sequence are two members. The lower Member “a” of
light gray interlayering diatomaceous and opoka-like
clays (depth interval of 493-451 m) encloses a bed of
sandstone with cherty matrix, which is | m thick (depth
interval of 470-469 m). The overlying Member “b” is

composed of dark green clays (depth interval of 450-
435 m), which bear scales and fine fish detnitus and are

intercalated with sandstone and siltstone interlayers up to
| m thick (depth intervals of 451-450 and 448-447.5 m).
Near the top, the clays are enriched in sandy and silty
material. As is shown below, the upper half of Member
“b” can be distinguished based on organic-walled phy-
toplankton as a separate biostratigraphic unit that is
lacking, however, the distinctive lithologic features. In
the core section 9, the subformation rocks yield the
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Pediastrum sp. Beds, (R

penetrated here at the depth of 456.2 m, and the recov-
ered interval of this subdivision is as thick as 41.8 m.
Like in the core section 9, Member “a” 1s composed of
interlayering opoka-like and silty clays, which are light
gray in the upper part and colored darker near the base
of the recovered interval. Interlayers of fine-grained
sandstone and siltstone (0.1 to 0.2 m thick) have been
penetrated at the depth levels of 486.4 and 471 m. Like
at the other site, the content of silty material, dispersed
glauconite grains included, increases in the upper 4-m-
thick interval of the sequence close to the contact with
the overlying Tavda Formation. This interval correla-
tive with Member “b” of the core section 9 is partially
preserved after erosion. Rocks of the upper Lyulinvor
Subformation, which have been recovered by Borehole
011BP, also yield abundant microplankton.

Organic-walled phytoplankton. Aleksandrova and
Zaporozhets studied 26 samples: 15 from Member “a”
and 11 from Member “b” of the core section 9 sampled
at the depth levels of 492.5, 490, 489, 486, 480, 478.8,
477,474, 468, 466, 464,462, 460, 458,454,451, 449.6,
448, 447, 446.3, 445.6, 444.6, 444, 443.2, 440, and
437 m. In addition, Kul’kova studied 10 samples from
the depth range of 490-440 m, where they were taken

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 12

Phytoplankton assemblages:

(A-H) Alterbidium sp. 1 -

Bl more than 20:

(CCA) Charlesdowniea clathrata angulosa; (Hi-P) Hydropteris indutus

m p) Rhombodinium porosum; (Ad-Rd) Areosphaeridium dikryoplokum —
| 1;? h{ﬂf:hnd:mum draco; (P-M) Paucilobimorpha — Micrhystridium Beds; ( Wa-Sp) WEIEEHEHH articulata -
Systematophora palacacantha;, (CC) Charlsdowniea coleothrypta s.s.; (DV) Dracodinium varielongitudum:;

| Hystrichosphaeridium tubiferum Beds; (Aph) Apectodinium homomorphum;
(AM) Alisocysta margarita; (CCC) Cerodinium dicbelii Beds. T

7 11-20; ] 6-10; |upto5

with the in-between intervals of 5 m. Dinocysts (10-12
to 70-75 species) were macerated from all the samples,
some of which also yielded abundant prasinophytes and
acritarchs. The distinguished dinocyst assemblages
characterize the Dracodinium varielongitudum s. 1.
Zone of the middle Ypresian (492.5— 466 m), the Char-
lesdowniea coleothrypta s. 1. Zone of the upper Y pre-
sian-lower Lutetian (466451 m), and the Werzeliella
articulata (acme)-Systematophora placacantha Zone
of the upper Lutetian (449.6-444 m). The former two
zones are distinguished in Member “a,” and the third
one spans the lower half of Member “b.” The interval
between depth levels 444 and 435.5 m is ranked as the
Paucilobimorpha (Micrhystridium) Beds according to
their dominant taxa representing up to 70% of the
organic-walled phytoplankton assemblage.

In the core section 011BP, Kul’kova studied 15 sam-
ples (depth interval of 497.7-454.8 m) from the upper
Lyulinvor Subformation, and Zaporozhets additionally
investigated 5 samples from the depth levels of 498,
490.5, 470.8, 459, and 456 m. They distinguished the
uppermost part of Dracodinium varielongitudum Zone
(samples from depth levels of 498 and 493.7 m) and the
overlying Charlesdowniea coleothrypta Zone (493.2-

No. 1 2004
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510 F PP y
, . : 7460 m). In opinion of Zaporozhets, two samples from
EE depth levels of 459 and 456 m belong to the W. otzeliella
sapl = articulata  (acme)-Systematophora  placacantha
m assemblage, while Kul’kova believes that they still
exemplify the preceding Charlesdowniea coleothrypld
Fig. 5. Magnetostratigraphy of boreholes 9 and 01 1BP s. 1. Zone.
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In the core section 9, the Dracodini = |
Adum Zone spans the depth imerva]d(;’f“;énz ga_j‘g gﬂg:ru-
base con'esponds to the erosion su rfaCe.bEIW m. Its
jower and upper Lyulinvor subformations T}eﬁn the
occurrence level of Dracodinium varielongitud . o
grains) 1S established at the depth of 491 m. The Zm ( 1§1
divided in two parts (subzones?) termed as the gr;ree?

pidinium  sp-1-Hystrichosphaeridium  1ybi
(492_5—478.8 m) and Dracodinium varielong;;iiifj;? }:I

ST b_edS_ (478.8—466 m). In the lower beds, their index
species 1S rare, whereas other indicative forms of the

sone represent up to 50% of the spectrum i .

ples. The mass abundance of thepindex spgs;??ss?iﬂ-t
recorded at Fhe depth of 478.8 m only, and the lowér
part of this biostratigraphic subdivision can be regarded
as transitional from the lower Wetzeliella meckelfelden-
sis and D. simile zones, which are missing from the
studied succession however. It is also remarkable that
Alterbidinium sp. and H. tubiferum disappear almost
completely 1n the interval of D. varielongitudum pre-
dominance. The lower zone boundary (the first occur-

rence level of index species) is recorded at the depth of
491 m above the hiatus in the section. Nevertheless, it

is logical to attribute to this zone the interval of sands
(sample from the depth of 492.5 m) occurring below
this level and down to the erosion surface. The appear-
ance level of frequent Charlesdowniea coleothrypta
defines the upper boundary of the zone.

In addition to index species, typical of the zone
under consideration are Glaphyrocysta ordinata, G.
pastielsi, Hafniasphaera septata, Deflandrea oebi-
sfeldensts, Hystrichosphaeridium tubiferum, Achomo-
sphaera crassipellis, Cordosphaeridium biarmatum,
Horologinella inculta, and some other forms. Species
Spiniferites granomembranaceus, Cerodinium depres-
sum, and Operculodinium uncinispinosum are charac-
teristic of this zone only and do not occur above it. Taxa
characteristic of older assemblages occur in the lower
interval and may be partially redeposited. These are
either Areoligera senonensis, Alterbidinium sp.1, Kal-
losphaeridium  brevibarbatum and other Kal-
losphaeridium forms, or species limited in distribution
by the upper zonal boundary and occurring as single
specimens above it. The Cordosphaeridium, Achomo-
sphaera, Spiniferites, and Deflandrea species mostly
belong to transit taxa. Noremia and Cometodinium
forms are characteristic representatives of prasino-
phytes and acritarchs from the lower part of the zone.
Beginning from the depth of 478.5 m, there is recorded
a mass abundance of Dracodinium species (D. vart-
elongitudum, D. condylos, D. politum). Other encoun-
tered forms are Werzeliella articulata, Charlesdowniea
edwardsii, Eatonecysta ursulae, Adnatosph_aerzdt um
multispinosum, Apteodinium Spp-, Rottnestia borru-
sica, Soanella granulata, Thalassiphora delicata, and
single specimens of Tectatodinium Sp-. Lingulodinium
sp., Impagidinium sp., Spinidiniun sp., and Selenopem-
phix sp. The dinocyst assemblage from Dracodinium
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varielongitudum

iy Beds eCt] :
similar it compo of the core section 011BP is very

sition to that from the core section 9.

The lower boundarv
* ry of the Charlesdowniea coleo-
thrypta Zone ( Borehole 9. depth imerf;l g?:;&? ller?r

El?lzeel:jole O11BP, depth interval of 493-459 m) is
at the first occurrence level of its index species,

and the upper one is established at the depth of 451 m,

wh ; SN B e
Ciaﬁfﬂ th Index species is still rather frequent (espe-
y subspecies Ch. coleothrypta rotundata). Never-

::Elfzz;gég:eablg ;harrlges in composition of dinocysts
_ at this level, where a sandstone interlayer
(depth interval of 451-450 m) has been deposited in
response to a sudden change in sedimentation environ-
ment. Within the Charlesdowniea coleothrypta s. |
%;)lne, hdlsmbution of Ch. coleothrypta s. s. and Ch.
e e e e
y. Ch. coleo-
rhr}pra rotundata appears 10 m above the zone base
and 1ts abundance rate is much lower than that of Ch.
coleothrypta up to the depth of 454 m. In the upper beds
of zonal sequence (samples from depth levels of 458
and 451 m), the indicated subspecies is already domi-
nant among representatives of the genus Charlesdown-
iea, although it coexists with Ch. coleothrypta even
here. The appearance level of abundant Wetzeliella
articulata, the index species of the next zone, defines
the upper limit of biostratigraphic unit under consider-
ation. Above the lower boundary, Ch. coleothrypta
appears in association with Deflandrea phosphoritica,
Ch. tenuivirgula, Cribroperidinium tenuitabulatum,
Dapsilidinium pastielsii, Melitasphaeridium asterium,
and Achilleodinium biformoides. In the middle part, the
associated newcomers are Thalassiphora pelagica,
Lejeunecysta hyalina, and Areoligera medusettiformis.
Dominant in the zone are representatives of genera
Deflandrea, Cordosphaeridium, Spiniferites, Glaphy-
rocysta, and Wetzeliella. Species of genera Systemato-
phora, Spinidinium, and Horologinella are also abun-
dant in some samples. The abundance rate of acnitarchs

and prasinophytes 1s insignificant.

The stratigraphic range of Ch. coleothrypta dinocyst
assemblage is easily recognizable owing to the mass
abundance of its index species and subspecies Ch. cole-
othrypta rotundata, which occur in association with
diverse representatives of genera Deflandrea, Spinifer-
ites. Cordosphaeridium, and Operculodinium. Wetze-
liella articulata is not infrequent as well, but Alrer-
bidinium sp. 1, Areoligera senonenss, and Kal-
losphaeridium forms characteristic  of older
assemblages do not Cross the lower boundary of Char-
lesdowniea coleothrypta Zone. The occurring single
specimens of Dracodinium varielon gitudum, the index
species of underlying zone, disappears near the upper

boundary of the zone.

In the core section 011BP. Kul kova identified at the

depth of 492,5 m the following taxa: Areoligera cf.
senonensis, Cerodinium sibiricum, Gonyaulacysta Sp-.

Deflandrea dissoluta, D. oebisfeldensis, Deflandrea
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Sp., Dracodinium varielongitudum, Deflandrea phos-
phoritica, Wetzeliella cf. articulata, Wetzeliella sp.,
Cordosphaeridium funiculatum, Homotryblium abbre-
viatum, Homotryblium sp., Spiniferites spp., Hystricho-
sphaeridium sp., Enneadocysta arcuata, Thalassiphora
pelagica, Wilsonidium sp., Apectodinium sp., Phthano-
peridinium stockmansii, Rhombodinium coronatum,
Hystrichosphaeridium tubiferum, Samlandia chlami-
dophora, Hystrichokolpoma sp., Achomosphaera sp.,
Spiniferites ramosus. Soaniella granulata, and Char-
lesdowniea tenuivirgula.

In opinion of Zaporozhets, the upper part of the
upper Lyulinvor Subformation in the core section
O11BP is already beyond the Wetzeliella articulata
(acme)-Systematophora placacantha Zone of the
lower Lutetian. Her opinion is substantiated by absence
of index species Ch. coleothrypta in samples from the
depth levels of 459 and 456 m, while Wetzeliella artic-
ulata 1s a common component in the former and domi-
nant taxon in the latter.

The lower boundary of Werzeliella articulata (acme)—
Systematophora placacantha Zone (Borehole 9, depth
interval of 449-444 m; Borehole 011BP, depth interval
of 459456 m) marks the mass appearance level of the
first species. This taxon represents up to 15% and over
25 and 10% of dinocyst assemblages from the depth
levels of 449.6, 448.5, and 447 m, respectively. Since
the greater amount of Werziella forms have not been
identified at the species level because of a poor preser-
vation state, the total abundance rate of specimens rep-
resenting this genus is not less than 50% and more. The
second species Systematophora placacantha is less
abundant and represents 3 to 5% of the assemblages. Its
last occurrence is recorded in the green clay member,
above which the species does not occur. Nevertheless,
the mass development of prasinophytes and acritarchs,
but not the disappearance of Systematophora placacan-
tha and appearance of single Areosphaeridium dikty-
oplokum species, is the most significant biotic event
that has been probably related to a quick shoaling and
partial freshening of the basin. As we believe, the upper
boundary of the zone should be exactly at this level to
be significant in both the stratigraphic (in core section
9) and ecologic aspects. In the core section 011BP, an
upper part of the zone corresponds to a break in sedi-
mentation.

The Wetzeliella articulata—Systematophora placa-
cantha assemblage is very diverse (70-80 taxa), with
well represented chorate cysts (genera Cordosphaerid-
tum, Operculodinium, and others). It includes many
new taxa (Glaphyrocysta exuberans, Diphyes ficuso-
ides, Dapsilidinium pseudocolligerum, Homotryblium
oceanicum, H. tenuispinosum, Deflandrea arcuata, and
others) in addition to species widespread in older
- assemblages, such as Charlesdowniea forms, the index
species of preceding zone included, Eatonicysta ursu-
lae, Wetzeliella meckelfeldensis, Heteraulacacysta pus-

tulata, Glaphyrocysta ordinata, Apteodinium sp., Areo-
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ligera sp., and Apectodinium sp. Also characteric,.
the zone are very diverse species of genera Ho,, Stic g
lium, Deflandrea, Cordosphaeridium. Glaphy,
Operculodinium, Spiniferites, Achomosphger,
dinium, Wetzeliella, Thalassiphora, and Spin t‘d;}

!
?f}fﬁ"{h }_.L

() Ij'\';'l'ﬂ_
Apteo,.
Ulm
In the core section 9, the uppermost part of the o

clay member (depth interval of 444 435 m) ;:E{?n
bears fish remains, 1s attributed to the Pauc-if;;bs‘; 2
pha—Micrhystridium Beds of the termingy] Lute{?fw‘
?basal Bartonian. In the core section 011BP ;. ”ittmﬁ
val corresponds to a hiatus. As is noted aboie {Hf
assemblage with prasinophytes and acritarch. indica.
tive of progressive basin shoaling is primari]y of ,:L(d :
logic rather than of age significance, and we ’u'ithh;ij(_-i
comments here about 1ts correlation with the dinocy
zonation." When abundance and diversity of prainc.

phytes and acritarchs grew, the dinocyst specie. si_mug]!i
taneously decreased mn number to 30-4( euryhaline
forms (reduced to a half at least), while siliceous )z .
ton became extinct. Paucilobimorpha triradiarg ap to
a lesser extent P. granuligera are dominants of the pra-
sitnophytes—acritarch assemblage. Both taxa appear g
this level for the first time. They coexist with sipol.
specimens of Cymatiosphaera forms, Paucilobim.,.
pha tripus, and Schizocysta sp. Deflandrea species e
as abundant and diverse as in the previous assemblaoe.
but Werzeliella forms are replaced by representatives of
the genus Kisselovia. Many forms, especially the Pale-
ocene taxa Cerodinium markovae, C. dicbelii Kl
losphaeridium, and Deflandrea oebisfeldensis. are
redeposited. Remarkable among species occurrine in
the beds under consideration are Werzeliella echinularq
Lejeunecysta globosa, Glaphyrocysta semitecta. | en-
finia weizelii, and Samlandia chlamidophora. Many
other taxa, e.g., Tectatodinium, Cordosphaeridium
Deflandrea, Apteodinium, Cribroperidinium, Microd-
inium, Thalassiphora, Phelodinium, Spinidinium
Achilleodinium, Impagidinium, Hystrichokolpoma, and
Hystrichosphaeropsis, are of wide stratigraphic ranges.

CYst

Planktonic foraminifers. Species Pseudohastizer-
ina wilcoxoensis and Subbotina eoc enica are identified
in two samples from depth levels of 477 and 451 m of
the core section 9, i.e., in Member “a” of light gray
opoka-like clays. In the core section 011BP, a sample
from the borehole bottom (depth 498 m) vielded Sub-
botina eocaenica, Pseudohastigerina wilcoxensis, Sub-
botina pseudoeocena, and Acarinina sp. (determina-
tions by Krasheninnikov and Beniamovskii). In opinion
of the latter, representatives of the genus Acarinina may
be classed with A. convexa.

Planktonic foraminifers have been also rpacerated
from two samples (depth levels of 449 and 445 m) char-
acterizing Member “b.” At the former level, Beniam-

! The terminal beds of the upper Lyulinvor Subformation 1r :.:t
depth range of 440435 m seem to be corresponding. like tc
basal Tavda beds, to the Areosphaeridium dikivoplokum-~ hom-
bodinium draco Zone, because both index species have beer
found in a sample from the depth of 440 m.
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ovskii identthed Subbotina subtriloculinoides S

ratusa, S. boweri, Acarinina rotundimarginata (Krash-
eninnikov approved identification of the last taxon)

Acarinina spp., and Pseudohastigerina micra. and thi;
assemblage can be attributed to the Acarinina rotundi-
marginata Zone. At the next level, he identified Hant-
kenina australis, Acarinina rotundimarginata, A. rugo-
soaculeata, Subbotina inaequispira, S. pseudoeocaena

and a fragment of test resembling S. rurcmenica. In the
same sample, Krasheninnikov established presence of
Hantkenina alabamensis and Acarinina rotundimargi-
nata. The entire assemblage can be regarded as charac-
teristic of the Hantkenina alabamensis Zone (the upper
H. australis Subzone) of the upper Lutetian—lower Bar-
tonian.

Benthic foraminifers. Agglutinated benthic foramin-
ifers, among which Bolivinopsis spectabilis is leading
taxon, have been encountered at the depth of 491 m in
Borehole 9. Within the depth interval of 479-443 m,
their assemblage 1s represented by Ammomarginulina
deflexa, A. spectata, Bathysiphon eocenicus, Bolivinop-
sis spectabilis, Gaudryinopsis subbotinae, Hyperam-
mina friabilis, Hypperamminoides crumena, Rhab-
dammina cvlindrica, Rhizammina indivasa, Labrospira
granulosa, L. honesta, Proteonina spp., Psammo-
sphaera laevigata, Reophax ampulacea, R. difflugifor-
mis, R. subfusiformis, R. scorpirus, Saccammina
sphaerica, Textularia carinatiformis, Trochammina
gracilis, T. infirma, and Verneulinoides paleogenicus.
The index species of Textularia carinatiformis Zone
defines biostratigraphic range of this assemblage.
Within that zone (depth range from 454 to 446.5 m),
there are the Gaudryinopsis subbotinae Beds. An
assemblage of secretory foraminifers characteristic of
the Uvigerina costellata Zone was found at the depth of
449 m. This assemblage includes Bolivina microplan-
cetiformis, U. castellata, Cibicides westi, Nodosaria
ewaldi, N. longiscata, and Robulis inornata. Secretory
foraminifers from a higher level of the green clay mem-
ber (depth 445 m) are represented by Clavulinoides
szaboi, Vaginulinopsis fragaria, Heterolepa eocaenica,
and Planulina costate, which belong to the upper part
of the same Uvigerina costellata Zone distinguished 1n
the Lutetian Kuberle and Kresty sequences of European
Russia. In the core section 011BP, the entire upper
Lyulinvor Subformation corresponds to the Textularia
carinatiformis Zone characterizing the Lyulinvor sedi-
ments according to conclusions of E.N. Kisel ' man.

Radiolarians. Kozlova who studied radiolanans
from the upper Lyulinvor Subformation of both core
sections discriminated three biostratigraphic subdivi-
S10MS.

(1) The Heliodiscus inca Zone is established in the
lower part of the upper Lyulinvor Subformation: Bore-
hole 9, depth interval of 478,8-491m, and Borehole
011BP, depth interval of 493-498 m. A typical early
Eocene (Ypresian) assemblage of the West Siberian
type is confined to the indicated intervals. In addition to

the index species, the assemblage includes Acropyra-
mis magnifica (Clark et Campbell), Spongocyclia com-
posita (Kozlova), Stvlosphaerella irinae, (Lipman),
Heliodiscus hexasteriscus Clark et Campbell, and new
species Apoxprunum curganica Kozlova, which prevail
over somewhat less abundant Conoactinomma stillifor-
mis (Lipman) and Lophosphaena sibirica Gorbovetz.
This assemblage of the middle Ypresian age is correla-
tive with the nannoplankton Zone NP12 of the Paleo-
gene standard and with the lower part of the Morozo-
vella aragonensis Zone discriminated in succession of
planktonic foraminifers of the Crnmea—-Caucasus
region [8].

(2) The Thecosphaerella turcmenica—Phacodisci-
nus testatus testatus Beds span the middle and upper
intervals of the upper Lyulinvor Subformation: Bore-
hole 9, depth interval of 458-468.5 m, and Borehole
011BP, depth interval of 481496 m. The beds reveal a
considerable change in taxonomic composition of radi-
olarians whose assemblage includes a group of transit
early Eocene and even late Paleocene taxa, such as
Amphicarvdiscus biconstrictus (Lipman), Axoprunum
inclarum (Krasheninnikov), Clathrocyclas multiplica-
tus (Lipman), Eucyrtidium striata exquisite (Kozlova),
and some others. These forms and associated fragments
of the Late Cretaceous taxa point to erosion of older
sediments, fossil fauna of which is redeposited. At the
same time, the beds yield radiolarians, which are char-
acteristic of younger B. clinata-B. longa and higher
zones known in other regions (areas northward of the
Caspian Sea, Ul'yanovsk region of the Volga River
basin, and oceanic bottom sediments). These are Alba-
trossidinium litos (Clark et Campbell), Amphymenium
splendiarmatum Haeckel, and Periphaena splendida
(Lipman). The other species, Axoprunum chabakovi
(Lipman), Phacodiscinus testatus testatus (Kozlova)
and Thecosphaerella turcmenica (Lipman) included,
which may occur sporadically in underlying honzons,
show their mass abundance exactly in the Buryella cli-
nata—Buryella longa and Lychnocanium separatum
zones. Accordingly, the above radiolarian assemblage
suggests that the stratigraphic interval under consider-
ation may correspond to the B. clinata—B. longa Zone.
Nevertheless, the index species and some other taxa
characteristic of the zone have not been found in the
assemblage, and the interval is attributed therefore to
the Thecosphaerella turcmenica—Phacodiscinus testa-
tus testatus Beds. The B. clinata-B. longa Zone of the
terminal Y presian is correlative with the nannoplankton
Zone NP13 and with the upper part of Morozovella ara-

gonensis Zone [8].

(3) The Conocaryomma aralensis—Phacodiscinus
testatus subsphaericus Beds are recognized in the
upper and terminal parts of the upper Lyulinvor Subfor-
mation: Borehole 9, depth interval of 445458 m, and
Borehole 011BP, depth interval of 459—473,5 m. Their
lower boundary is defined at the appearance level of
Acanthosphaera formosa Krasheninnikov. Conocaryo-
mma aralensis Lipman and Phacodiscinus testatus sub-
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sphaericus (Lipman) appear above this level, and mass
accumulations of the latter are very characteristic of the
Lychnocanium separatum Zone. Nearly at the top of the
beds, there have been found Phacodiscinus fragilis
(Totschilina) and Stylosphaerella megaxyphos (Clark et
Campbell), the first appearance of which is usually con-
fined to the L. separatum Zone. The Lychnocanium sep-
aratum Zone spans the lower part of the Lutetian Stage.
It 1s correlative with the nannoplankton zones NP14
and NP15 and with Acarinina bullbrooki and A. rotun-
dimarginata zones of planktonic foraminifers.

According to data of Vitukhin, radiolarians are
abundant and diverse at the depth level of 462 m. Nev-
ertheless, some nasselarian species represented by sin-
gle specimens at the depth of 468.5 m have not been
found at the level in question that marks the first
appearance of Siphocampe minuta, Lithostrobus picus,
Dictyopora urceolus, Theocyrtis sp., Heliodiscus inca,
and Phacodiscinus aff. testatus. Species Spongodiscus
americanus and Spongotrochus radiatus dominate here
among spumellanans, and Siphocampe minuta 1S a
dominant taxon of nasselarians.

Radiolarians from the depth range of 458.5-454 m
belong most likely to the Buriella clinata—B. longa
Zone. As the index species is absent in the assemblage,
the zone can be discriminated conventionally based on
present characteristic taxa Acanthosphaera formosa
and Phacodiscinus testatus subsphaericus. In general,
radiolarians are noticeably less diverse in the above
interval that yields, in addition to the aforementioned
taxa, only Heliodiscus hexasteriscus, Spongodiscus
americanus, Spongotrochus alveatus, S. radiatus,
Amphisphaera coronata, Haliomma triglobulata,
Eusiringium striata striata, Clathocyclas elegans,
Lychnocanium sp., and Siphonocampe minuta.

The assemblage from the depth range of 451445 m
(Member “b”) 1s of a different composition. Species
Cenocaryomma aralensis and Calocyclas asperum
found here are characteristic of the Lychnocanium sep-
aratum—Heterestrum schabalkinii Zone, the index spe-
cies of which have not been found however. Besides the
fragmented Sphaeroidea tests and single nasselarians,
the other associated taxa are Patagospyris sp., Peta-
lospyris sp., and Lithomelissa sp.

Diatomaceous algae. In Borehole 9, diatoms are
present in the middle and upper intervals of the lower
member of the upper Lyulinvor Subformation (depth
range of 483-458.5 m), which 1s composed of light
gray opoka-like clays (samples from the depth levels of
483, 478.9, 477, 476, 474, 468.5, 466, 464, 462, 460,
and 458.5 m). Diatoms occur as well in the upper mem-
ber of green clays bearing fish remains (samples from
the depth levels of 446, 445.7, and 445.1 m). An impov-
erished assemblage of neritic diatom genera Paralia
and Arachnoidiscus 1s characteristic of the depth levels
483 and 478.9 m. Species Pyxilla gracilis, Grunowiella
gemmata, and Coscinodiscus payeri are found at the
depth of 477 m. Beginning from the depth of 474 m,
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diatoms are more diverse. Taxa appearine e
cinodiscus decrescens, C. decrescenoi,. };dr e
elegans, H. polymorphus var. Pseﬂ'udup(,'“}“ﬁ;_f?;;e
and silicoflagellates Dyctiocha transiiori, anJ a
lopsis minor. Newcomers Coscinodiscy Poly, 1‘_{1_"*"*
bulliensis, C. heteroporus, Brightwelli, m.';ﬁ{‘i_“- =
and Pseudotriceratium forms are recorde iﬁf'{ }2 'J.Jh,'i”*
range of 462.5(458.5 m, where silicoflage]|ate. ‘bdc”
cha rotundata and D. transistoriq (=), . -
minor) are more abundant than below an( , @Pr'j Psis
tives of the genus Ebriopsis appear as we|| {LL*: e
to composition of diatoms, the depth intery | Ot}i-{i”??
458.5 m corresponds to the Pyxilla gracjjjs Zonf‘;:ﬂj
its upper part (460-458.5 m) can be regardeg i ang
Coscinodiscus polyactis Beds transitional 1o (h. p”h
oligocaenica Zone. Based on her ownp e .;I-:h]:u
Glezer distinguished in the depth range of 466~4i§: 3
(samples from the depth levels of 466, 462 460, » n;
458.5 m) the Brightwellia hyperborea assemp) .. £d
silicoflagellates of the Dictyocha secta Zone. C‘O;aider
ing them as corresponding to the upper part of the Pry:

illa gracilis s. 1. Zone.

Diatoms and silicoflagellates have not been foung i,
the depth range of 457446 m, but higher in the sectjop
Radionova who studied three samples from depth Jeye|
of 446, 445.7, and 445.1 m identified abundant Py,
gracilis Jouse var. tenuis and Pyxilla oligocaenicq var
oligocaenica, which associate with single specimens of
Coscinodiscus decrescens and C. payeri. In the same
samples, she found nernitic (Paralia, Pseudopodosir
westii, Pyxidicula crenata) and benthic (Arachnoidis-
cus ehrenbergii, Istmia enermis, and others) diatoms
resting spores, and sponge spicules. The encountered
silicotlagellate species are Mesocena oamaruensis and
M. eodentalis. The diversity of diatoms decreases
upward, and above the depth level of 445 m, they do not
occur. As Radionova concluded, the studied interval of
green clays, which accumulated during regression
under conditions of the progressing shoaling, corre-
sponds to the upper part of Pyxilla oligocaenica Zone.
Strelinikova who also studied microfossils from the last
depth level armived at the same conclusion. In opinion
of Glezer, samples from the level under consideration
characterize the terminal part of Pyxilla oligocaenica
var. tenuis Zone. Until the recent time, Glezer attributed
this part to the Stephanopyxis crenata Subzone, but now
she thinks that it may be regarded as an individual zone.
The diatom assemblage from the depth of 445.0 m 1s
unusual, containing species of the genus Cosmiodiscus.
which are characteristic of stratigraphic levels above
the Pyxilla oligocaenica var. tenuis Zone.

Strel’nikova also investigated diatoms 1n nine sanr
ples from the depth range of 492458 m ol Bol_'ehole
011BP. At the depth levels of 492, 490.8, 487.5, and
479 m, she encountered the half-decomposed diatom
frustules of unclear taxonomic affinity. Macerates Irom
the depth levels of 475.3, 469.3, 463.3, and 40 I
turned out to be most rich in diatoms. An assemblage
from the depth of 475.3 m undoubtedly belongs to the

(il
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Pyxilla gracilis Zone, and that from the d : :

of 469.3—458 m to the Pyxilla olfgocaemizﬂj];n;?gg}
caenica var. tenuis Zone. Besides the index species

taxa characteristic of the Pyxilla gracilis Zone are
Hyalodiscus radiatus, Hyalodiscus sp., Pseudoposira
westii, Paralia sulcata, less frequent Coscinodiscuys Sp

aff. argus, Stephanopyxis megapora, and single Speci:
mens of Stephanopyxis arctica, Odontotropis carinata

Gyrodiscus vortex, Epithelion rossicum, and Hemfaui
lus sp. The silicoflagellate group includes dominant
Naviculopsis constricta and Dictyocha fibula occurring
in association with less abundant Dictyocha rotundata
and D. transitoria. Ebrids are represented by
Pseudoammodochium dictyoides and Ebriopsis exigua.
Three other samples characterize the representative
assemblage of the younger zone. At the depth of 469.3 m

the assemblage includes abundant Pyxilla gracilis, P
oligocaenica, Hyalodiscus sp., Pseudopodosira
corolla, P. westii, and Paralia sulcata, which coexist
with less abundant Paralia crenulata, Stephanopyxis
turris var. intermedia, St. turris var. cylindrus, St.
megapora, Coscinodiscus decrescens, Coscinodiscus
sp. (with sections), and C. heteroporus. Ebriids Ammo-
dochium speciosum, Pseudoammodochium dictyoides,
and Ebriopsis exigua are also abundant here. The
encountered silicoflagellate species are Mesocena
elliptica, Naviculopsis constricta, and Dictyocha rotun-
data. Most abundant at the depth of 463.3 m are Pyxilla
oligocaenica, P. oligocaenica var. tenius (slightly less
frequent than the type form), P. gracilis, and Hyalodis-
cus sp. The associated taxa are represented by less
abundant Pseudoposira westii, P. wittii, P. aspera,
Paralia clavigera, and by single Anaulus weiprechtii
and Aulacodiscus sp. Prevailing among ebriids are
Ebriopsis exigua, E. mesnili, E. aplanata, and
Pseudoammodochium dictyoides, whereas silicoflagel-
lates are represented by Dictyocha elata, D. rotundata,
D. obligua, Mesocena elliptica, and Naviculopsis con-
stricta. Sponge spicules are the main organic remains at
the depth of 458 m. Diatom frustules are not rock-form-
ing here. They mostly represent Pyxilla oligocaenica
var. tenuis, Paralia sulcata, Hyalodiscus sp., and rare
or single specimens of Pyxilla gracilis, Coscinodiscus
decrescens, Paralia clavigera, and Pseudoposira
westii. Among ebriids, only Pseudoammodiscus dicty-

~ oides 1s 1dentified.

Spores and pollen. Palynomorphs are insignificant
components of organic remains from the upper Lyulin-
vor Subformation, especially from its lower interval.
Consequently, they may be of a corrective significance
only by the age determination of particular levels. Ale-
ksandrova who studied palynomorphs from the core
section 9 found only scarce pollen grains of conifers
(Pinus, Protocedrus) and tricolporate form taxa in the
depth range of 492.5-483 m. At the depth of 480 m,
occasional pollen grains of ancient Pinaceae occur in
association with sporadic pollen of Myricaceae, Plica-
pollis ex gr. pseudoexcelsus, and Triporopolleniies
robustus. Kul’kova identified  Platycaryapollis
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pseudocyclus, Plicapollis pseudoexcelsus, Triporopol-

lenites robustus, Castanea crenataeformis, Interpollis

supplingensis, Myrica sp., Podocarpus sp., Taxodium

Sp., Pinus sp., and spores Polypodiaceae and Cyathea
Sp. 1n the same section. She correlated this assemblage
with the Triporopollenites robustus—Plicapollis pseu-
doexcelsus assemblage [9]. Zaporozhets who studied
samples from the depth range of 478460 m also estab-
lished here a low content of pollen representing
Pinaceae, Castanopsis pseudocingulum, Pompeck-

Joidaepollenites sp., Tricolporopollenites cingulum,

c’iyricaceae, Iriporopollenites sp., and Trudopollis sp.
With a certain reservation, she correlated them with the
assemblage of Araliaceaepollenites euphorii, Sapota-
ceoidaepollenites manifestus, Pompeckjoidaepolleni-
tes subhercinicus, and Castanopsis pseudocingulum.
Presumably attributable to the same assemblage is the
diverse pollen of the form taxa Anacolosidites sp.,
Rhoipites sp., Tricolporopollenites sp. (dominant), Tri-
poropollenites sp., Triatriopollenites sp., Trudopollis
pompekjii, and Plicapollis sp., which coexist with
accessory Pinaceae, Taxodiaceae, and Fagaceae, such
as Castanopsis sp. (dominant), Castanea sp., Quercus
graciliformis, and Q. gracilis. Scarce pollen grains rep-
resent 1n this assemblage the thermophilic plants, such
as Palmae, Platycarya sp., Rhus sp., Hamamelidaceae,
Liquidambar sp. and others. In the light-colored opoka-
like clays of both core sections, Kul’kova recognized a
more complete pollen spectrum of the indicated zone.
The spectrum includes Castanea crenataeformis,
Castanopsis pseudocingulum, Loranthus elegans,
Engelhardtia quietus, Subtriporopollenites sp., Thiatri-
opollenites aroboratus, Tricolpopollenites sp., Tri-
colpopollenites liblarensis, Reevesia lubomirovae,
Ulmodeipites tricostatus, Subtriporopollenites
megagranifer, Hamamelis sp., Carya sp., Nyssapollen-
ites sp., Myrtaceidites sp., Palmae sp., and Myrica sp.
An insignificant admixture of coniferous pollen repre-
sents Podocarpus sp., Cedrus sp., Pinus spp., and Tax-
odiaceae. The present spores are those of Gleichenia
sp., Osmunda sp., Polypodiaceae, and Lycopodium sp.
Some samples yielded pollen of the Longaxones type.

In samples from the depth interval of 454-446.3 m
of Borehole 9, which have been studied by Zapor-
ozhets, palynomorphs are of the same composition, and
their content gradually increases from 10 to 30%
upward in the section. Pollen of conifers is insignifi-
cantly abundant as before and represents a third of the
spectrum at the depth of 447 m only. The form taxa
identified in this interval are Rhoipites sp., Tri-
colporopollenites sp., Triporopollenites sp., Plicapollis
sp. (possibly redeposited), Trudopollis sp., Iri-
colporopollenites cingulum, and Triatriopollenites
myricoides. Dominant among natural taxa are Fagaceae

(Castanea, Castanopsis, and evergreen Quercus spe-
cies) in association with rather abundant Hamameli-

daceae. This set of taxa may be correlated with the Cas-
tanea crenataeformis—Castanopsis pseudocingulum
assemblage of West Siberia.
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The abundance and composition of palynom,
sharply change in the section interval betweey 444th5
435 m, where the basin shoaling is recordeq. g -
and pollen represent here 40 to 60% of the specyp,
They considerably prevail over dinocysts, Pﬁrcema[:;
of which is equal to 10%. Pollen of flowerine p]am;‘f
somewhat more abundant than acritarchs and P (l}&
phytes, which are more concentrated at this |eye| ai
well. Conifers and Fagaceae constitute 25 apd up 1;
50% of the spectrum, respectively. Castaneq and
Castanopsis (C. pseudocingulum) are stil present
among Fagaceae, but evergreen Quercus gracilj kand
Q. graciliformis are dominant in this family. Jyojan.
daceae and Hamamelidaceae represent up to 8-99, o
palynological spectra, while Betulaceae occur as o¢cq.
sional specimens. The identified Juglandaceae taxa gre
Pterocarya (up to 4%), Juglans (up to 3%), Engelhar-
dtia, Platycarya, and Carya (scarce pollen grains). In
the family Hamamelidaceae, percentages of Corylop.
sis, Hamamelis, Liquidambar, and Fothergilla (F. orq,-
ile included) are approximately equal (about 2%). The
other taxa occurring in perceptible amounts are Nygs,
(4%), Rhus (2%), Acer and Comptonia (1%). Pollen of
Myrica, Ulmus, Planera, Zelkova, Moraceae, Eri-
caceae, Tilia, llex, Eleagnus, Oleaceae, Cornus. and
Nelumbo is represented by single grains. Form species
representing in sum not more than 5% are Tri-
colporopollenites sp. (4%), Trudopollis pompeckijii.
Plicapollis sp., Rhoipites sp., and Triporopollenites sp.
The described assemblage can be correlated with the
regional Quercus gracilis—Castanopsis pseudocingu-
[um assemblage.

Magnetostratigraphy. Seven magnetic polarity
zones established in the upper Lyulinvor Subformation
of the core section 9 are as follows: the normal polarity
zones N1, N,ll, Nsll, and Ngll, and the reversed polar-
ity zones R;ll, Ry11, and Rsll with the normal polarity
subzones inside two of them (Fig. 5). The zones range
in thickness from 3 to 14 m. Two zones R;ll and NI,
which are 20 and 22 m thick respectively, are estab-
lished in this subformation recovered by Borehole

011BP.

The boundary between Dracodinium varielongitu-
dum and Charlesdowniea coleothrypta is at the depth
of 493.3 m inside the basal reversed-polarity zone R;ll
of the core section 011BP and at the depth of 466 m
within the reversed polarity zone R,ll in Borehole 9. As
for the lower part of D. varielongitudum Zone pene-
trated by Borehole 9 only, it spans the interval of polar-
ity zones Nsll, R,ll, N,lI, and Ryll (lower part). In the
upper part of subformation recovered by Borehole
011BP, the Charlesdowniea coleothrypta and Ch. cole-
othrypta rotundata zones correspond to the interval
spanning the greater part of the reversed polarity zon€
R,11 and the normal polarity zone N,1l with two reversed
polarity intervals inside it. In the core section 9, the same
stratigraphic interval corresponds to the reversed polar-
ity zone R,ll in its greater part, normal polarty zonc
Nsll, and reversed polarity zone Rsll. Frequent erosion

POreg
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events recorded in the upper Lyulinvor subformation
and decreased thickness of magnetostratigraphic units
are the main obstacles for the correct interpretation of
paleomagnetic data. It is very likely that the upper
Lyulinvor Subformation was partially eroded before the
Tavda time as it follows from palynological and paleo-
magnetic data (decreased ranges and eliminated frag-
ments of magnetic polarity zones).

Electric logging. Electric logs obtained for the
upper Lyulinvor Subformation are dllfferentlmed even
lesser than within the lower subformation. The AR val-

ues correspond in average to 3—4 ohm, and SP parame-
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ters range from 3 to 5 mV. The opposite displacements
of both parameters are clearly recorded in the log for
Borehole 9 at the level of basal bed of glauconite sand-
stone. The other peaks of AR and SP values are also
confined to sandstone bed at the depth level of 470 m.
The transition from light gray opoka-like to green non-
siliceous clays is depicted by a minor decrease of AR
values at the level of SP parameters slightly displaced
to the right (Figs. 6-9).

lavda Formation

Except for the basal interval, the rest of the Tavda
Formation sequence is of the so-called “Kulunda” type,
since rocks of this kind are widespread in the synony-
mous lithologic—facies zone on the south of West Sihe-
ria. The thickness values (152 m in core section 9 and
78 m in core section 01 I BP) are close to the maximal
ones known in the Omsk depression and in central areas
of the West Siberian plate. The lower and upper inter-
vals of the sequence are composed of clays. In the mid-
dle interval 50 m thick in core section 9 and 55 m thick
in core section 01 1BP, there is recorded a transition in
the eastward direction from coastal-marine to continen-
tal facies enriched in sandy material and hosting the
interlayers of brown coal and segregations of hydrogo-
ethite-limonite ores. The lower interval corresponds to
the lower Tavda Subformation that is homogeneous in
composition, being 47 m thick in core section 9 and
53 m thick in core section 011BP. In the former section,
this subdivision is composed of greenish foliated fat
clay with rare siderite or marly-siderite nodules and
interlayers ranging in thickness from 0.1 to 0.5 m. The
basal 10-m-thick member of fine-grained glauconite
sandstone and siltstone has a sharp contact with the
underlying Lyulinvor Formation. The subformation
upper boundary is placed at the depth level of 388 m,
which corresponds to the base of silty clays, the main
rocks of the middle interval. A thin bed of siderite sand-
stone is confined to this boundary. In the core section
O11BP, the basal clay-aleuritic member of the lower
Tavda Subformation is also 10 m thick. Glauconite
grains and abundant clasts or pellets derived from the
underlying Lyulinvor clay are concentrated in the
clayey-silty—sandy matrix near the base of this mem-
ber. Transition between the lower and middle members
Is gradual. An interlayer of micaceous siltstone at the
depth of 401 m, above which the clay beds are enriched
in silty material, can be conventionally regarded as a
marker of the lower boundary of the upper Tavda Sub-
formation. In certain intervals of the section. silty clays
enclose interlayers of sand, siderite, and pure clay. Leaf
impressions of aquatic fern Azolla vera are found in
“both core sections at the depth of 330331 (Borehole
O11BP) and 337 m (Borehole 9). The upper interval
- predominantly composed of clay encloses frequent silt-
stone and sandstone interbeds and siderite lenses and
interlayers. The boundary between this and middle

interval is conventionally defined at the depth of 320 to
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330 m in the core section 9 and at the de
the core section O11BP, because (he Organic
phytoplankton found above these levels sygpo
more typical marine environments of xcdiﬁwm-" |
The Tavda Formation lop 1s eroded. nmﬁ|.!*‘”"}”'
Kaolinic sands of the Isil’kul Formation. whiclh”;‘ [.}'
sole casts and enclose flattened pebbles of the | b,
ing Tavda clay. I

Organic-walled phytoplankton. Kul’kovy Studied 25
to 30 samples of the Tavda Formation rocks from ]{] "
core sections, and Zaporozhets Investigated |8 San .
from Borehole 9 and seven samples from Boye
OI'1BP. The organic-walled phytoplankton of (he Tavd:
Formation developed under a strict control of thi \-Utl
basin hydrology. Prasinophytes and acritarchs [I{'n'n#i‘.l
nate in two intervals: near the base and in the midd|e of
the formation sequence. In the basal sandy member that
grades into overlying silty clays, Fepresentatives of (he
late Lyulinvor assemblage are dominant, The middle
interval rich in silty material characterizes sedimenty-
tion under conditions of shoaling and seawater stratifi-
cation, as we believe, with a lower salinity in the upper
part of the photic zone. This is evident from abundance
of aquatic fern spores (Hydropteris, Azolla) and from
presence of Pediastrum remains, the algal taxon char-
acteristic of fresh waters. Both transgressive clay-rich
members most characteristic of the lower and upper
Tavda subformations yield the diverse dinocyst assem-
blages (30 to 40 and more species). The diversity of
dinocysts considerably decreases down to 1015 spe-
cies within the intervals dominated by prasinophytes
and acritarchs (Table 2).

Three dinocyst assemblages characterizing compo-
sitions of successive biostratigraphic zones are distin-
guished in the studied core sections (they are especially
representative in core section 011BP). These are the
assemblages of (1) Areosphaeridium diktyoplokum-
Rhombodinium draco Zone of the lower Bartonian, (2)
Rhombodinium porosum Zone of the upper Bartonian,
and (3) Charlesdowniea clathrata angulosa Zone of
the Priabonian, the composition of which is locally
complicated by superimposed anomalous assemblages
rich in prasinophytes, acritarchs, and spores of aquatic
ferns. We also propose to discriminate the middle inter-
val of the formation in the rank of Hydropteris—Pedias-
trum Beds (in the dinocyst zonation, this interval corre-
sponds to the Charlesdowniea clathrata angulosa
Zone, because single specimens of this index subspe-
cies have been found in the indicated beds at the depth
of 325 m in the core section 01 1BP).

In the core section 9, the Areosphaeridium dikty-
oplokum—-Rhombodinium draco Zone spans the dcplh
interval of 435-408 m, where the first index species has
been found at all the sampling levels. Zaporozhels
established the first occurrence level of the second spe-
cies at the depth of 408 m near the zone upper boundur]y
and detected its single specimens in the overlying zone.
According to data obtained by Kul’kova, this taxon IS
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present in all the samples from the lower Tavda Subfor-
mation beginning from its basal bed. In Borehole 9, the

upper boundary of the zone 1s at the depth of 408 m cor-
responding to the appearance level of Rhombodinium
porosum, the index species of the next zone.

The Areosphaeridium diktyoplokum—Rhombodin-
ium draco Zone recorded considerable changes in com-
position of dinocysts. Many species characteristic of
the first half of the Paleogene disappear at this level
marking the appearance of many newcomers. Among
the latter. there are Thalassiphora elongata and Wetze-
liella irtyschensis, the endemics of West Sibera, and
Thalassiphora pelagica, Samlandia reticulifera,
Homotryblim plectilum, Spiniferites wetzelii, Pterodin-
ium sp., Corrudinium incompositum, and others. Many
newcomers, e.g., Microdinium reticulatum,
Adnatosphaeridium robustum, Wetzeliella articulata?,
and Charlesdowniea tenuivirgula, pass mnto the next
sone. The transit species are Samlandia chlami-
dophora, Palaeocystodinium golzowense, Deflandrea
phosphoritica, Glaphyrocysta semitecta, and Spinifer-
ites ramosus. Redeposited forms (species of genera
Cerodinium, Alterbidinium, and others) are characteris-
tic of basal beds of the formation, which have been
recovered by both boreholes. Species Paucilobimorpha
triradiata are abundant in the basal sandstones.

The Rhombodinium porosum Zone characterizes the
upper part of the lower Tavda Subformation in the
depth interval of 408-388 m of Borehole 9. Its lower
boundary is at the first occurrence level of the index
species, and the upper one is marked by disappearance
of taxa characteristic of the zone and by appearance of
rather abundant spores of aquatic ferns in association
with thin-walled Hystrichokolpoma forms, prasino-
phytes, and acritarchs, which define the lower boundary
of the Hydropteris indutus (Pediastrum) Beds. Char-
lesdowniea clathrata angulosa, the index subspecies of
the next zone appears at the same level. In the core sec-
tion 011BP, species Rhombodinium porosum have not
been encountered. and it is difficult to discriminate here
the zone in question from the underlying one.

Characteristic of the Rhombodinium porosum Zone
are also some taxa. which do not occur in the overlying
strata. These are Werzeliella irtyschensis, Kisselovia
ornata, Homotryblium oceanicum, H. abbreviatum,
Thalassiphora elongata, Achilleodinium biformoides,
Glaphyrocysta undulata, Diphyes colligerum, and
Charlesdowniea tenuivirgula. The development of
Phthanoperidinium geminatum, Pht. eocenicum, Cor-
dosphaeridium exilimurum, C hytroesphaeridia sp., and
some other forms commenced in the West Siberian
basin in this zone only. About a half of taxa (Charles-
downiea clathrata, Lentinia serrata, Selenopemphix
nephroides, Diphyes colligerum, Palaeocystodinium
eolzowense, Membranophoridium aspinatum, and spe-
cies of genera Phthanoperidinium, Deflandrea, Thalas-
siphora, and Cordosphaeridium) are transit. Kul kova
[10] formerly considered Kisselovia ornata ot Wetze-
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liella irtyschesis as the index species of the zone, but
these two taxa are endemics occurring in West Siberian
sections only. In distinction, Rhombodinium porosum 1S
the index species of concurrent Eocene zones in Euro-
pean Russia and West Europe, thus being more appro-
priate for the nomenclature.

The Hydropteris indutus—Pediastrum Beds span the
depth intervals of 380-330 and 361-322,7 m 1n bore-
holes 9 and 011BP, respectively. Dinocysts are rare in
the beds. which reveal a fantastic abundance of spores
of aquatic fern Hyrdopteris indutus (appear at the depth

of 380 m and are abundant at the depth levels 359, 343,
and 337 m in core section 9 and at the depth of 325 m
in core section 011BP). Some samples yielded the
Azolla spores and remains of fresh-water alga Pedias-
trum. Occasional specimens of green algae Crassos-
phaera, Tytthodiscus, Pterospermella, and acritarchs
Micrhystridium spp. are present almost in all the sam-
ples studied. Dinocysts are commonly represented by
thin-walled Hystrichokolpoma forms associated with
species of genera Phthanoperidinium, Cordosphaerid-
ium, and Deflandrea and with Membranophoridium
aspinatum, Selenopemphix nephroides, and some other
species. As is noted above, Charlesdowniea clathrata
angulosa, the type subspecies of the youngest dinocyst
zone of the Eocene succession, appears in the upper
Tavda Subformation penetrated by Borehole 9 above
the Hydropteris indutus—Pediastrum Beds. In the core
section 011BP, this taxon is dispersed throughout the
beds, being dominant near their top (sample from the
depth level of 325 m). Accordingly, 1t 1s reasonable to
consider the Hvdropteris indutus—Pediastrum Bedsasa
subdivision of the indicated zone.

The Charlesdowniea clathrata angulosa Zone 1s
over 100 m thick in the core section 9 (depth interval of
380-273 m) and even thicker in the core section 011BP
(2361-265 m). Recognition of its lower boundary is
complicated by the reduced diversity of dinocyst spe-
cies in the Hydropteris indutus—Pediastrum Beds. In
the core section 9. this boundary is conventionally
placed at the disappearance level of Wetzeliella irtysh-
ensis and Kisselovia ornata characteristic of the Rhom-
bodinium porosum Zone, while in the core section
011BP it is defined at the first occurrence level of the
index species. The taxonomic characterization of the
zone is clear despite the broad sampling intervals. The
index species coexists here with characteristic Phtha-
noperidinium species, such as Phth. stockmansii and
Phth. geminatum, and with Membranophoridium
aspinatum, Rottnestia borrusica, Thalassiphora deli-
cata. Enneadocysta arcuata, and Deflandrea phospho-
ritica f. attenuata. Species Araneosphaera araneosa,
Phthanoperedinium resistente, Selenopemphix sele-
noides. S. coronata, and others appear beginning from
the basal level of Hydropteris indutus—Pediastrum
Beds. Taxa successively appearing in the middle and
upper intervals of the zone are Heteraulacacysta

porosa, Glaphyrocysta vicina, Lejeunecysta cinctona,
Batiacasphaera sphaerica, Phthanoperidinium amoe-
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Table 2. Distribution ranges of acritarchs, prasinophytes, and spores Azolla vera, Hyvdropiteris
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num, Phth. flebile, Phth. alectrolophum, Trithyrodin-
tum Sp., Charlesdowniea clathrata angulosa, Ch. vari-
abilis, Hystrichosphaeropsis camplanata, Pentadinium
gonoferum, Operculodinium placitum, and some others
(core section 9). The upper transgressive member of
clayey beds (depth range of 295-277 m) recorded the
recurrent appearance of species characteristic of lower
beds of the lower Tavda Subformation (Rhombodinium
longimanum, Lentinia serrata, and some others).
Dinocysts from this depth range are especially diverse,
represented by 50 species. Species Phthanoperidinium

amoenum appears here earlier than in other regions of
‘West Siberia.

Foraminifers. Beniamovskii analyzed 70 samples
from different levels of the Tavda Formation and found
foraminifers in 16 samples. The assemblage of plank-
tonic foraminifers from Borehole 9 (depth range from
415 to 400 m) includes Pseudohastigerina micra,
Pseudogloboquadrina primitiva, Catapsydrax martini,
C. echinatus, C. dissimilis, Catapsydrax sp., Subbotina
pseudobulloides, S. linaperta, Acarinina cf. bullbrooki,
and A. rotundimarginata. The last taxon defines the
Bartonian age of host deposits.

Species Cyclammina crassa of benthic foraminifers
were found at the depth levels of 415.5, 415, 414.5, and
412 m. The Cribroelphidium rischtanicum assemblage
with index species and C. differensaperto 1s established
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in the depth interval of 339-334 m (sampl; S5
# sampling levels at
339, 337.6, 337.3, and 334 m). These benthic taxa are

characteristic of the Upper Eocene in Central A<
(Kisel’'man, 1978). ntral Asia

Osracodes. Ostracode species found at different
depth levels are Clithrocytheridea Sp. juv. (413.5 m)
Loxoconcha sp. (408 m), and Cyamocytherideq aff
corrugata (406.5 m). Species Cytheridea probata, C.
testate, Pontocypris sibirica, Loxoconca involuta, L.
minsaensis, Loxoconca spp., Cytheromorpha barban-
tica, Cytheromorpha sp., Echinocythereis spongiosa,
Clithrocytheredia innae, Bythoceratina ex gr. inpressa,
Parascypris contracta, and Cytherura placida, which
are typical of the upper Eocene in the Aral-Turgai
region, characterize the ostracode assemblage from the
depth interval of 343-330 m. The transgressive clay
member of the upper Tavda Subformation yielded fer-
ruginate casts of Loxoconcha sp. and Cytheridea sp.
(depth level of 291 m).

Spores and pollen. In opinion of Kul’kova, the
Tavda Formation spans intervals of two regional

palynological zones. These Castanopsis pseudocingu-
lum—Rhoipites spp.—Quercus gracilis (or Quercus gra-
ciliformis 1n terminology of Zaporozhets) and Quercus
gracilis—Q. graciliformis zones correspond respec-
tively to the lower and upper Tavda subformations. Pol-
len of angiosperm plants, mostly of Fagaceae (up to
50%) and Hamamelidaceae (8 to 10%), is dominant in
palynological spectra of the lower Tavda Subformation.
A similar trend in distribution of palynomorphs is
recorded 1n the lower half of the upper Tavda Subfor-
mation (Hydropteris indutus Pediastrum Beds). Sev-
eral samples from the depth range of 330-313 m of
Borehole 9 showed the anomalously high content (over
75%) of pollen produced by gymnosperm plants. In
upper, clearly marine facies of the Tavda Formation,
pollen of angiosperm plants 1s again dominant, though
to a lesser extent than in the lower subformation.
Palynomorphs of higher plants are usually as frequent
as 500 to 600 specimens per a preparation. In the upper
clay member of the upper Tavda Subformation, where
abundance and diversity of dinocysts are higher (30 to
40% of the entire palynomorph assemblage), pollen of
higher plants is less abundant. Pollen of Pinaceae 1s
dominant in the group of gymnosperms, being notice-
ably more abundant than pollen of Taxodiaceae. Domi-
nant among angiosperms are Fagaceae, while Juglan-
daceae are less abundant and Betulaceae are accessory.
Pollen of thermophilic flowering plants is diverse, but
many taxa are represented in pollen spectra by occa-
sional specimens only.

Magnetostratigraphy. Eight magnetic polarity
zones, four of normal polarity (N;tg, Notg, Nstg, and
N,tg) and four of reversed polarity (R;tg, Rotg, Rjtg,
and R,tg), all with inner subzones of opposite polarity,
are established in the Tavda Formation sequence pene-
trated by Borehole 9. In the core section 011BP, there

are nine zones, five of normal polarity (N;tg, Ntg,
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Nitg, Nytg, and Nstg) and four of reversed polarity
(R;tg, Rytg, Ritg, and R tg), some of which have inner
intervals of opposite polarity. In general, the normal

polarity zones prevail over others in both sections of the
Tavda Formation (Fig. 5).

Electric logging. Clays of the Tavda Formation,
which are enriched in silty material, are characterized
In logs by the higher AR parameters (6-8 locally up to
10 ohm). At the levels of sand and sandstone interbeds.
this parameter increases up to 20-30 ohm. The SP val-
ues can be as high as 15-20 mV, being at the maximum
within the depth range of basal member composed of
sand and silty clay in both sections. The opposite AR
and SP peaks at this depth are especially well seen in
the log for Borehole 9. Additional peaks are recorded in

both logs at the levels of siderite interlayers and lenses
(Figs. 6-9).

CONCLUSION

Two core sections of reference boreholes drilled in
the south of West Siberia are studied using a complex
of bio- and magnetostratigraphic methods. Paleontol-
ogy of found organic remains characterizing various
groups of microplankton is described in detail. Four
discriminated lithostratigraphic subdivisions are the
Gan’kino Formation, lower and upper Lyulinvor sub-
formations, and Tavda Formation. The first and second
subdivisions have been penetrated by Borehole 9 only.

The Gan’kino Formation is composed of marly
clays, whereas the overlying strata of marine Paleogene
are all less calcareous.

The lower Lyulinvor Subformation characterizes the
main stage of organic silica accumulation. It 1s com-
posed of opoka, opoka-like clay, sandstone, and silt-
stone beds. The basal glauconite sandstone of the unit
encloses phosphatic nodules and overlies with a hiatus
the underlying Gan’kino Formation. The formation
corresponds to a separate sedimentation cycle that 1s
incomplete, because its upper layers are eroded.

The upper Lyulinvor Subformation is composed, 1n
distinction from the lower one, of fine-grained clayey-
siliceous sediments, which yield the diverse assem-
blages of microplankton. It is of the two-member struc-
ture. The thicker lower member is composed of gray
opoka-like clay with a basal bed of glauconite sand-
stone. The overlying member of green, slightly sili-
ceous clays bears fish remains. A break in sedimenta-
tion between two members is inferable based on litho-
logic features and abrupt compositional changes 1n
microplankton assemblages. Accordingly, 1t seems rea-
sonable to return into stratigraphic nomenclature the
Nyurol’ka Formation that has been originally discrimi-
nated by S.B. Shatskii and is abolished now.

The glauconite sandstone bed with phosphatic nod-
ules at the lower subformation base signifies the com-
mencement of new sedimentary cycle after erosion of
underlying sediments. Borehole 9 drilled near the
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southern ﬂzmlg of the West Siberian sedimentary basin
recovered an incomplete sequence of the unit. t;écalise
the sea transgression reached this site later than the
northern and central areas of the West Siberian plate
This 1s evident from the fact that the upper Paleocene—:
lower Eocene strata known in the Central and Trans-
Urahan structural-lithologic zones are absent in tl;e
subformation sequence.

The green clay member yielded two assemblages of
planktonic foraminifers, which belong to Acarining
rotundimarginata and Hantkenina alal;amensis Zones
different in age and have been correlated with concur-
rent assemblages of dinocysts and siliceous microfos-
sils. The results obtained clarify the member age and
suggest that beds bearing the above assemblages of
planktonic foraminifers are separated by a hiatus.

Now we can also convincingly argue for a consider-
able basin shoaling at the accumulation time of termi-
nal beds of the green clay member. The arguments in
favor of this event are the increased content of silty
material 1in the clay matrix, on the one hand, and
changes in composition of diatom assemblages and the
appearance of abundant acritarchs and prasinophytes,
especially of Paucilabimorpha forms, among the
organic-walled phytoplankton, on the other.

The three-member structure of the Tavda Forma-
tion, which 1s characteristic of its sections in the Bara-
binsk and Kulunda lithologic-facies regions, is con-
firmed 1n both core sections. That structure is a conse-
quence of two separate transgressive—regressive cycles,
the last of which is reduced and represented by the
transgressive part only. These peculiarities of sedimen-
tation influenced the dynamics of palynological spec-
tra. They were responsible for predominance of diverse
dinocyst species in the lower and upper clay members,
the principal ones in the lower and upper Tavda subfor-
mations, and for abundance of aquatic fern spores,
which occur in association with prasinophytes and acri-
tarchs 1n the middle interval that is enriched in silty
material and ranked as the Hydropteris indutus—Pedias-
trum Beds.

The lower clay member of the lower Tavda Subfor-
mation and its basal bed of glauconite sandstone with
clay pellets derived from underlying rocks of the
Lyulinvor Formation correspond in range to the
Areosphaeridium diktyoplokum—Rhombodinium draco
and Rhombodinium porosum dinocyst zones. The Acar-
inina—Catapsydrax assemblage of planktonic foramin-
ifers is obtained from clay interlayers in the middle
interval of the subformation sequence. The upper Tavda
Subformation that is silty in the lower part (Hydropteris
indutus—Pediastrum Beds) and clayey in the upper one
1s attributed to the Charlesdowniea clathrata angulosa
Zone. In both core sections, a marker bed rich In
remains of macro- and microfauna (mollusks, ostra-
codes, benthic foraminifers, massulae and megaspores
of Azolla, mass accumulations of Hydropteris indutus
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spores) 1s confined to the upper part of the shallow-
water silty member.

The regional biostratigraphic scales for various
groups of biota are coordinated between each other
based on different representatives of microplankton
occurring jointly in sediments of the Gan'kino Forma-
tion and upper Lyulinvor Subformation (Table 3). The
diverse assemblage of nannoplankton found for the first
time in the Gan’kino Formation of West Siberia is cor-
related with the dinocyst zones recognized in the same
subdivision. Four discrete levels are established in suc-
cession of planktonic foraminifers, and corresponding
foraminiferal assemblages are correlated with distribu-
tion ranges of siliceous and organic-walled phytoplank-
ton, ostracodes, spores, and pollen. Dinocysts present
In all the samples studied are used to define levels of
biotic events presumably connected with breaks in sed-
imentation. The beds with abundant prasinophytes,
acritarchs, and aquatic fern spores are indicative of the
past shoaling events and seawater stratification in the
basin. All the results obtained and age substantiation of
discriminated biostratigraphic units will be discussed in
the next our publication.
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