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ABSTRACT
Retsle igh palelutind istopic plcctempenture das. (o the Norhern are very rare.

7°C) (Ditchfield, 1997), Turonian of

the Pakbarke River basn, essern. Kook Upland (14.11637C) (Zakbarov e s 1996, 1959) and Coniocian-

Wmc palethemmonetry of wel peserved Lower

ocerami

Koryak Upl
maima bave been recognized in the e

amomlousy bigh *C value up to Set s b Al
Maastrichti

lse Cuppunien (206:261°C). The
s songly

Bivalves ranging from 4.3 0 -55% s

are evidently a result of a sharp develnpmanl o bumid climste in the

tian shallow-water cooling (10.2-
o valus. Iulmd in aragonite of good
st il d Sedningof e Pestingoy it b ol

of Greenland (sbout 17.3°C) (Lowensiam and Epstein, 1959). In this study new data, based on oxygen

and Upper Cretaceous brachiopod, luding.

‘ammonite shels fiom the Penzhinskaya Guba area and Talovka River basin, wester
ands (93 sampres) and lso Southen Alaska 3 fower A

of Koryak Upland), late Cenomanian (20.8-23.3°C) and
169°C) was also

served middle and late Turonian inoceramid

um-Pacific mainly during
and

Turonian time.

1995),
b el csdencs o e Keryak U ad nelghbout rters (Golomer, 195, Golovneva and

Herman, 1998; Lebedev, 1990a; Markevich, 1995), recently published. We believe that
cuther and he Northern Hemispheres during ihe most port o

poleward heat transport took
Cretaceous time.

place in both the S

INTRODUCTION

SO I G B
igh I s during Cretaceous time
(Barron cal. 1981; Dﬂuglas “and Willas, 198, Avelrd,

; Barrera etal., 1987; Parrish

irie
1994; Huber et al.,
.+ 1996; Ditchfield, 1997; Golovneva, 1998; Golovneva

o5z, Ditchfield et al., 1995, Spice e

el v, 1998; Mil et o 1999) when the aeic
North Pole located a litle bit to the north of Bering La
Bridge (Smith, 1981). The exact location of the ol

knowledge, but there are some recent data, needed in some
verification, according which the spin North Pole may be
located near the Yana River basin for the Hauterivian, near
the Indigirka River basin for the Aptian, a litle bit 10 the
north of the Novaya Sibir Islands for the Cenomanian,
Somewhat  north of Chukotka for

d more or less coeval

Coniacian, and to the north  of  Alaska for the
Maastrichtian (C.R. Scotese’s personal communication).
‘The Cretaceous spin South Pole located, apparently, within
Antarctica (Golonka et al., 1994). Relatively any of these
interpretations, both the Koryak Upland and the Southem
Alaska areas, where we got material for isotopic analyses
from, located within high latitudes (not less than 60-70°N)
during Early and Late Cretaceous. Representations on a
climate in Southern Hemisphere polar regions have been
added mainly on the basis of isotopic_paleotemperature
i et o g Gl 6 Mgk s i ot
the Northern Hemisphere, on the contrary,

obtained mostly on the basis of paleobotanical iy
the Koryak Upland and Alaska.

Owenisolope anslyss of Late Creaccons
ostra from New Zealand (Stevens and Claton,
wm. Uil and ceph lopods from James Ross and
Vega Islands, Antarctica (Pirrie and Marshall,
also planktonic forami
S g, Euney

paleotemperatures
ol nnglng from 8°C t0 16 °C. Lower
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15:10.5°C) were atcuaed by E. Barer
1. (Barrera and Huber, 1990; Barres . 1987) for shelf

environment on the basis of isotopic data on Maastrichtian

Soniae Toraniifes om Sy Ind, e the eout

of Antarctica.

Recently, Huber et al. (1995) investigated
plankionic. foraminifera from Falkland and Naturaliste
plaenis fn digh s o s Sofirn Hersepbes and
obtained unexpectedly  hi

mpersres (4

MATERIAL AND METHODS

fossil samples for isotope analyses in this
inese

Albian (about 17°C), Cenomanian (about 23°C), Toenin
(about 33°C), and Campanian (25-28°C), in contrast wi
Tow paleotemperature (10°C) for the Lower Maastrichtian
interval. They determined relatively low vertical oxygen-
istopi grdicnts (o the Albian (101.2%), Culnmnnlln
0%), Coniacian-Santoni
11565, and Early Mnsm:hnan u. 15‘.) ot hlgh:r e
) (calculate
o

the  Turonian

pelcoemperstrs o e South
usclsbe). They sgree wih Burer al (1987) 4

aasoichian toulh poltr region 1o be an
|mpnn-lm soue of deep-wair formation.

However, high  paleolatitude

o the Nortem

taceous_isolopic_ paleotemperatures have been
oblained oy for (1) ihe Vaangiian of. Svalbard
(Ditchfield, 1997), (2) Turonian of e: Koryakia

Koaroy <t a. 1596, 1999 and (3) Confacian-Santonion
of Greenland (Lowenstam and Epstein, 1959; Lowenstam,
1968;Tess and Naiio, 1973)

Zakharov ct al. (1996, 1999) obtained relatively
igh palcotemperatures (14.1-163°C) for the Turomian,
apparently upper Turonian, of the Pakhacha River basin
from isotopic analyses of the different parts of the single
ammonoid shell. H.A. Lowenstam and S. Epstein (1959)
calculated higher paleotemperatures (about 17°C) from few
ConiciamSuntonian_ belemaite ot of . Essien
Greenland. PW. Ditchficld (1997), ontrary,
sl low pelectsmpentces (53,10, 70y cxcutned on

i S sk i o 4 bilemide o i s
Totentigalivenps Micmber of the Kongaogs Formaion
(Lower Valanginian) of Kong Karls e

estricted isotopic data on the Cretaceous of high
latitudes of the Northern Hemisphere in a large measure are
compensated by abundant of paleobotanical publications on
Cretaceous climatology on north-cast Asia (Krassilov et al.,
1990; Lebedev, 1990ab; Markevich, 1990; Nesov and
Golovneva, 1990; Herman, 1996; Golovneva and Herman,
1998) and Alaska (Parrish et al., 1987; Parrish and Spicer,

Spier sl 1996).
s study has been focused on the following:
T ebllmz oxysenistape, catbonsaope and CaMg
L] rvals of the post-Valaginian
eiscoous o igh itudesofthe Norlern Homisphee.

25 To Smmass v rems it toes e s Setbucs
Hemisphere.

oun

Fig. 1 Location of the Penzhinskaya Guba (Penzhina Gulf) area
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and carbon isoloperatios, Koryok Uplond and Alaska

the Barremian to Paleogene the
uba area was at a_palacolatitude of
,ppxrmmmcly 2" N (Aliyut and Sk, 1996) The
collection from that area is represented by good preserved
invertebrates of different =colog|r.‘nl types: brachiopods,

During

3 Cr:(lc:ous olople
socccssion picture, because of lacking of well
fossils in both the Albian and th

ateri
- Y.L. Bolotsky’s coll),
el portion of Al asgtalic ssmeniid matasal o
the Talkeetna Mountains, southern Alaska (three samples -
Y. Shigeta’s coll) (Fig. 2), and also two Coniacian
aragonitic  mollusc ~ shells from Hokkaido, were also

analyzed for comparative purposes.

Following signs were used for control
diagenetic alteration in the investigated fossil shells: (1)
i ercent

mples from the

taceous of the Koryak Upland, :mmny s ater

yisal inspecion, sesm lo be miable guishing

their original oxygen and c: topic ey Judging

fron Gstopic dats on Recont Nowtlus (Spacth s Hoefs

1986; Oba et al, 1992), ammonoids seem t0 be capable of
steady grow through the year.

Fig2 Location of Ammanite C:
Toc

reck Talkcetna Mountains, South Alas

AL123

tanuska Formation, upper Lower Albias

ety of Alan Gramiceras e (Whhesve) (D, Presoiteeres s singulare Imiay (A1-2) and Brewiceras hulen.

(Anderson) (Al-3).
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ggen and eubon isctope o

g o Geatoginl lnsmm: Ecn,

Viadivostok, usmg Finnigan MAT-252 mass spectromeer

(Germany). The laboratory gas standard used in_the
ibrat

measurements was_calibrated relative to calcite NBS
(National Bureau of Standards) 19 and equals 1.8£0.10%
or oxygen relative to PDB (Pee Dee belemni

(eq
SMOW) was thought o be approprist (Sovim, 1977).
ray analyses were carried out using a DRON-3
ifractometer following the method o Davis and Hooper
(1963)

TECTONIC POSITION OF THE PENZHINSKAYA
GUBA AREA

Lower Cretaccous sediments of the Penzhina-
Anadyr superterrane (Parfenov et al,, 1993; Nokleberg et
al., 1998), attributed to the turbidite formation, were
deposited at a deep-water zone of the forearc basin, in
condition of significant’ influence of the island arc

leanis

the wese Kooy Uplnd by the five subdivisione: (1)

Myalekasyn, with the exception of the
; (2) Tylakyl

Barremian); (3) Karmalivayam (upper Banemion Lover
(4) Tikhorechenskaya (upper Aptian-lower
Albian); and (5) Kedrovskaya (middle-upper Albian)
Formations (Avdeiko, 1968; Pokhialainen and Vasilenko,
1971; Pokhialainen, 1994; Alabushev, 1995; Map of
mineral resources, 1999). The most part of these sediments
believes to be originally formed in conditions of shallow-
water shelf and afier they were threw down, apparently,
together with their fossils, to the base of the continental
slope. Consedimented plates of the ophiolite (serpentinized
harzburgite, clinopyroxenite, troctolite, gabbro, gabbro-
norite, plagiogranite, sheeted dike complex, pillow lavas)
and products of their destruction (serpentine brecci
gravelsions and sandsione) usually found at the base of the
Tylakryl Formation.

Upper Cretaceous sediments in Western Koryakia,
on the contrary, belong to facies mainly of the shelf type,
characterized by wide development of benthic forms
(Pergament, 1961). They are represented here by the four

ivisions: (1) Mamet (with the possible exception of the
basal beds) (ower Cenomnian); 2) Pehinskaya (uppes
Cenomanian to Conia Bystrinskaya (Santonian-
Fowse Campeaias st (4 Pllhlvnynm (upper Campanian-
Maastrichtian) Formations, with total thickness about 3,200

Within the Mamet Peninsula, the main area of our

isotopi sudy, sedimens of the Myslkasyn Formation
(Tithonian, Berriasian and Valanginian) known at the
Kol Mt and he Ainyn River basin (Khanchuk et al

okhialainen and Vasilenko, 1971) are not exposed;
g ophiolitic part of the Hauterivian ~Barremi
Formation composes here the core
anticlinale. The thick flyschoid sequences of the Lower
Cretaceous Tylakryl and Karmalivayam Formations are
very similar in lithology, and the boundary between them is

(Pokhialainen, 1994). Mamet Formation sediments overlic
graywacke rocks of the Karmalivayam Formation at the

Mamet Peninsula with unconformity and erosion (Albian
sediments of the Tikhorechenskaya and Kedrovskaya
Formations are not saved here) (Fig. 3).
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Fig 3 Staugraphic summary of the sampled Cretaceous
Sediments of westem Koryakia.

Other Upper Cretaceous Formations, for exception
of the Campanian-Maastrichtian one, overlie underground
sediments without any interruption. The upper part of the
Mamet Formation is erized by the Lower
Cenomanian - ammonoi (Neogasiroplite,
Eogannarites, Puzosia, Tetragonites and Stoliczkaia). The

Sinding of ammonaid Eomacastesand Marshlltes in it
upper beds. The presence of Upper Turonian, Santonian-
iponian and Masstichtin . sediments the
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peninskays, Guba area is argued by presence of

from the mark on the Tylakryl Formation, made above, the
data presented here suggest their shelf

ammoncid Jimboicer in the
i Fom (ot ﬁndmgx  Menuites
naumanni (Yok) in the Bystrinskaya Formation and
Pachydiscus japonicus Mat. in the Pilialvayam Formation
(Pergament, 1961), correspondingly.

50, 8”C and Ca-Mg ratio in carbonate fossils from
the Cretaccous of the Penzhinskaya Guba, Koryak
Upland

‘Tylakryl Formation
(Hauterivian-lower Barremian)

Hauterivian-lower Barremian sediments at the

Mamet Peninsula, Penzhinskaya Guba arca, are represented
by tie Tyakeyl Formation (Pokbinanen snd Vesilnko,
1971). In the exposed part of the Tylakryl Formation,
containing plates- of the ophiolites in its basal part, we
recognize only ‘member now:

1. Grey serpentinite sandstone with volcanic rocks debris
lomerate-breccia,

and interlayers of _siltstone,
inosous sisone oo
2), more than.1,400
Inoceramus colonicus and Astarte sp. (M.A.
determination),  scaphopods  (Dentalium  sp)  and
radiolarians.

Because of restriction of material suitable for
distinguishing the true oxygen and carbon isotopic record,
the sampling was made only from two levels of the lower
pa Diakryl Fomation, exposed ai the
Mametchinka River (Fig.

el o Dot 5p. (9838-1), represented by
original calcite with marked di altcrations (a small
touch of tes), very well
preserved prismatic shell material of Inoceramus sp. (9838,
9838-2-2) and also small portion of the same Inoceramus
sp. shell with partly intact aragonitic material (9838-2-1)
were used for geochemical analyses. The Dentalium shell
was found about 100 m above the plate of the ophiolites in
the investigated section (about 80 m from the Mametchinka
River mouth); the Inoceramus shell amalyzed was
it ot 2 m oy i ed 0038 1
50 value in Haulcnwan inoceramid
prismatic layers (9838, 9838-22)is 0. Mg=174.3);
I e ragontc bearing pat af e same shell GEE2-1> 4

9838-

from the Dentaliur shell (9835-1). Samples from the lower
part of the Tylakryl Formation show a range in 5°C from
+0.9%t0 +2.5% (Table 1)

From results on 5'°0 mentioned above only

material from Hauterivian inoceramid prismatic layers
scems 10 be suitable for paleotemperature reconstruction
(21.021.3°C); at the same time all 8°C values obtained
from both aragonite and calcite of Hauterivian Inoceramus
and Dentalium seem to resemble original ones. Judging

seawater origin.

Karmalivayam Formation
(middle Barremian to lower Aptian)

Middle Barremian to lower Aptian sediments at
the Mamet Pesinula represnted by the Ksrmalivayam
Formation overly the Tylakryl Formation conformably. Th

of the formation v Asicrmined on i fint
appearance of the bivalve Aucellina sp.

o descmlng ool the: sequence: of mhddle
Baneaian o low sotivony i e
5. Greyish green ieons Sistone, and medium grained
sandstone (707-2,3,45,6,7.8.9,10,11,12,13,14,15,16, 707
1), 59 m. Yields many bivalves, identified by V.N.
Verechagin as ducelling ptienst (Ore) and 4. ef. 4

Buct

4. Greyish green siliceous silistone, intercalated with
som-prived. smdoon, mediumbate sione 221

voleanoclastic, 410 m. Contains rare ammonoids
Unegauyceras . and Holcodcodes 55 in the upper

§Grey conglomerae breccia (Macda Creck, 05 m Yieds
rare Aucellina aptiensis (Orb.).
2. Greyish green siliceous siltstone and medium-grained
ulfccous sandsione (074, 707-5-1), 375 m - ield rre
bivalves Aucellina sp
‘The thickness of the Karmalivayam Formation is 747 m.
Original calcite of the well preserved silvery white
Aucellina shells (only with a very small touch of analcime,
rarely laumontite or kaolinite) was used for isotopic
analyses. The analyzed shells were collected (1) from the
base of the Member 2 (707-4), (2) from the bed, located
about 120 m above the base of the Member 2 (707-5-1,
middle Barremian), (3) from the base of the Member S
(707-23.4,5,6,7,89,10,11,12,13,14,15,16, lower Aptian),
i Tower Aptian). The 5°0 and 5"°C
‘mid-Barremian shell of
29%(T-249°C) and  +3.9%
respectively. The 80 and 5”C values for carly Aptian
Aucellina_apriensis (Orb.) ranged from —5.7 10 —1.6%
(mean of ~32% and +13 to +6.6%(mean of +4.4%,
respectively. Calcite of early Aptian Aucellina differs from
Hauterivian Dentalium material by lower Mg content
(Ca/Mg=191.67) (Table 2). Material of cight shells of
Aucellina aptiensis from 17 investigated ones appear (o be
preserved its original oxygen isotopic composition and
therefore they can be used in calculating the early Aptian
paleotemperatures (the range of 80 values in the calcitic
bivalve shells suggests the temperature values to be 18.4-

Mamet Formation
(upper Albian?-lower Cenomanian)
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Fig 4 The 5°0 and 5”C values and Ca-Mg ratos of Hauterivian,
Penzhinskaya Guba. | — ophiolite, 2 — conglomerate, 3 — b
siltsone.

jpper Albian?-lower Cenomanian sediments of
pe arca mpmscm:d by the Mamet Form:

e Karmalivas w, unconfors
ind crosion.Indescending order, they are (Fig. 5):
14, Intercalation of dark grey siltstone A vt i

ned sandstone, 70 m.

3 y siltstone with large calcarcous-marly
boulders and rare interlayers of grey medium- grained

 Barremian and Lower Aptian invertebrate calcite shells rom the
reccia, 4 — ashstone, volcanoclastic, and breceia, 5- sandsione, 6 -

sandstone (Shigeta Creek, 706-1), 117 m. Contains bivalve
inoceramid (gigantic Inoceramus sp.) and rare ammonoid
(Mershalles s, Anageuciycerss sarya (Forbes) sl

ack muctone i larg calcares naly bolder
s interlayers of 0 m.

vk g slne wii [erayers of gny ‘medium
grained. sandstone (Tanabe Creek area), 30 m, Yields
bivalves  (Paratrigon a sp) ammonoids

and
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e 1 b and axyen sl sy of ekl st g lements, of ol bl o tho ko] o pul
tions of Penzhinskaya Guba and Hauterivian-Barremian paleotemperatures for high latitudes of the
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Fig. 5 The "0 and 5°C values and Ca-Mg ratios of Lower Cenomanian bivalve calcite shells from the
Penzhinskaya Guba. 1 ~ sandy siltstone, 2- boulders, 3 ~ mudstone. Other designation as in Fig. 4.
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Table 2 Carbon and oxygen sotope analyses of calcitic bivalve and brachiopod shells from the Karmalivayam and

Formsins or the Koryak Upland and aragoniic ammoneids

Kedrovska
from the Matamska Formaion of Souhe Alsks and Apin " Albian

Sample | Species Siage, Tty 70 [T C
formation DBy
Cotowr
o7 | Aueelig Tower Apiin, B L T
ptiensis (Orb) | Karmalivayam
P E (IO e == [ 2 |
| aptenss (O .
Simesbel |- [EoaE - A [ a0 %
Someshell FICE E I T I
FIE 37 16 [iser
W21 | Nodm s B
: LU == N RET 2
- [EamE T R
= [ T
TG0 Aucellina HS | About 1000 EE e
ensis (Ob)
O] Aucellna WA Mo | Nodm W%
optiensis (Orb)
T ducellina B B = O R
ensis (Or)
LT Aucellna £ B S T A | -
aprinsis (Ob)
T Al = [ E T
ensis (O1b)
LT Auceilina [ = ECON REF P
aprinsis (Orb)
TOTET | Aucellina g I | Abow 100 w5 | -
apiensis (Orb)
“Aucellina 53 T | Nodm | Nodw R
apinsis (Ob)
“Perchinorhyris | Alban, = =5 EX R
plana Smimova | Kedrov-skaya
™
R
AT | Granieerar g T g G [ - | 06 | 0%
affine (Whit) —cream
AT | Brevicorar g I I £ R = BT T
hudene () | sivery.
nder white
dcrson and Arth
Weogusmophies o, Eogumartes s, Pusosia of. B 1 Greyish green medium-grained _sandstone  with

i, Tragonts s Solizkla 5p).
il e csreous

medium-

" ennoncios

nipponica
10. Dark gu sandysilsone
concretions and interlayers of grey
grained  sandstone, 36 ontans
Neogastroplites sp.

9. Intercalation of grey medium-grained sandstone and dark

of conglomerate, silistone, sandy

rocks (Mysovyj Creek, 706-

Yes Abnndam o e (ool o Nucula sp.,
S Solecuratus .,

feuromya ncredi
Viriommastam 3, Avcelina?
6. Conglomerate with mlzrmzdme sized pebble and lenses
of coa-grinedsandson,

s Formaion s 783

grey siltstone with ripples a bed surfaces and wood pieces,
110 m. Contains small bivalves J

8. Dark grey sandy silstone with ripples at bed surfaces, 19
m. Contains echinoid remains.

Calcite of unly two shells of Aucellina? sp. from
Member 7 (61 m above its base, 706-8,9) and prismatic
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layers of Inoceramus sp. from Member 13 (706-1) was
woed for isotopic investigations. The 5°0 valu for ane of
the Amm,m/ shells is -2.8% which co

paleot re of 24.0°C. Tbe 8"C values in Au«lhmx’
shells ot from 418

prismatic bivalve Taents 1 low
fheir marked disgenetic altrations, but their 5°C value
(08% believe t be close 1o their original one (Table 3).

Penzhinskaya Formation
(upper Cenomanian - Coniacian)

per Conomanian-Coniacian sdiments . the

Mamet at Esgn:hmnvny- River basins represented by

the Penzhinskaya Formation overly the Mamet Fommmn

conformably. In descending order, they are (Fi

Tectonic fault with amplitude of about 100 s (Mamet
).

River)
33. Dark grey Sandy siltstone calcareous-marly
boulders and. are inlrayers of gryish een mediun-
d sandstone (704-5-1, 2.4,5,7,89,10,13,14,18,19,
21,500 m. Vilds ivaives (Im.vctramu: teshioensis Nagao
1. tenuistriatus et Mat), ammonoids
Cimbolerss plarulatfrns Mok, macroseh of eotes
puerculus (Jimbo), and wood debris (in the lower and
middle parts of the member).
. Dark_grey sandy siltstone with calcarcous-marly
boulders, 225 m.
Tectonic fault with amplitude of some tens m (between the
Mamet and Esgichninvayam River mouths).
31 Grey sandy sitsone with calcareous-mly bouklers, 21 m.
30 Gvey e graned sndtone, 7.
Dark grey sandy silistone with large calcareous-marly
boulders (gt Esgitminvayes Rive valley siope 70-1,
1 2, 700-14, 700-5), 6075 m. Contains
v (glg}lllc Inoceramus fburinsis Nagao et Mat,
irea mmonoids (micro- and  mac
Tsortes " puereut (i), Sealaries %,
Sl g, Gasyesras 49, sl braobiopods
and flowering plant remains.
Unexposed interval at the Esgichninvayam River valley
(apparently, the first tens m in thickness)
165y il sty 3/ (o Bsgemlnpiyan Rives
ontains  bivalves

27. Dark grey sandy silisone with la
boulders (left Esgx:hnmuynm River vlley slope, 711-

plana  Smimova, bivalves Inoceramus  pennatulus
Pergament, ammonoids Marshallites sp. (in the mwer ot
of the member), Anagaudryceras sacya (Forbes),
Desmoceras sp., Eomadrasites sp. (in the middle i fhad
parts of the member), and worm tubes.

25. Dark grey sandy silistone with interlayers of greyish
green medium-grained sandstone in the upper part of the
= Vi h.v.lm Inoceramus sp. and

member, 70

ammonoids Marshallites s

24 Greyish green med!umgrnmed sandstone  with
Contains.

of micaceous silt sandstone, 35 m. Yields
Inoceramus sp. and plant detritus.
22. Greyish green medium grained sandstone with
interlayers of gravelstone, 55 m
21. Thin intercalations of greyish green medium-grained
sandstone and black siltstone, 20 m.
20. Greyish green medium-grained sandstone, 15 m.
19. Thin intercalations of greyish green medium-grained
sandstone and black siltstone, 20 m.
reyish green medium-grained ~ sandstone
interlayers of black silstone, 40 m.
Intercalations of grcyish green medium-grained
sandstone and black siltstone, 78 m.
medium-grained sandstone with boulders of
calcareous sandstone,
15. Intrcalatins of lc sl sandstone and gy medium-
rsined sands
ko o the Penzhinskaya Formation in
e section's 1 240-1,260 m.
The amalyzed late Cenomanian _brachiopod
Penzhinothyris plana Smimova  with
microstructure from member 26 were found in the beds
(705-2,383¢,34,3d-1), exposed at Penzhinskaya Guba
beach, 1 km W of the Esgich River_mouth
Penzhinothyris §'*0 and 8"°C values range from ~2.7 to —
2.0% (mean of 2.3%) and from ~04 to +1.8%(mean
+0.3%, correspondingly (Table 3). Judging from data on
isotopicinvestigations of brachiopod calcite, calculated
paleotemperatures for the late Cenomanian shallow water
facies of the Penzhinskaya Guba reach 20.4-23.3°C.

m the lower Middle Turonian (members 27
and 28) exposed on the left Esgichninvayam River valley
slope, 1.5 km upper its mouth, both the original calcite
material brachiopods (711-1,2), Ostrea sp.

bivalves

with

711-14,6), 15 m.
Tover o of e e, Do (st ok
5p.), ammonoids (Scalarites scalaris (Yabe), Scaphites sp.)
and large plant seeds.

(711-3-1) with well preserved structure) and the aragonite
ramus sp. (711-1-4,6) were analyzed. In spite of
high content of aragonite in analyzed Jnoceramus. sp.

Unexposed interval at the River mouth
(over 150-200 m in thickness).

26. Intercalations of dark grey sandy silistone and greyish
gren medium raned sandstone (Penhinskays Gebe L1
km W of the Esgichnin River mouth, 705-2, 3a,

30, 341y, 17 m Comaras beachiopods’ Perchiroorts

and very low content of analcime and
aSiO; admisture, which show, apparently, on low degree
of diagenetic alterations, they characterized by low 50
values (ranging from 3.6 to 2.5% mean -3.1%
Paleotemperature estimates from this fossils seem 10 be
unreliable (“T"*C=26.3-30.9). AL the same time they arc
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Fig. 6. The 5'%0 and 8°C values of Late Cenomanian — Turonian brachiopod and inoceramid bivalve calcite
and inoceramid bivalve aragonite shells from the Penzhinskaya Guba. 1 — calcite, 2 ~ aragonite. Other
designation as in Figs. 4 and.
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characterized by high 5"°C values, ranging from +1.3 to
Ja4%(mean 33%. Low "0 value (-3.0% was
determincd for the shell of Ostrea sp., which was met in
ssociaion ith Iroceramis 8. and also charscerized by
ormal  6°C  value ~ (+2.0%. real
palcoterperatures for the beginning o il oroon
\vere obtained from calcite of rhynchonellid brachiopod
shcns which were located _isolate from_analyzed
inoceramus and Ostrea shells in the section. 5°C value in
s Midle Teronin braciood sells resees +2.1%
the middle part of the Middle Turor
(Member 29) xposed at he Penchinskaya Guba, 100500
NE of the Esgichuiavayum River mouh, both orgial
aalcite of Ostrea sp. (700-la-1), alve
(700-5) and Inoceramus sp. (700-1, 700- o z) and
aragonite of Inoceramus hobetenis Nagao et Mat. (700-1d)

were used for isotopic. investigations. Besides, middle
“Turonian brachiopod Penzhinothyris sp. shell (709-2) from
€ separate tectonic block, located along the Penzhinskaya
Gube, 32 km N of the Mamet River mouth wss alio
Sukincl el sl g B
Ostrea sp. (s"(y 2.6% 8"C=H undetermined
bivalve (5'°0=-2.6% 6”0-mw. seem to b: suitable for
paleotemperature reconstruction (23.1°C). Jnoceramus sp.
and Penzhinothyris sp. 50 are very low (3.1 and s
3.1% respocuv:ly). but their 5°C values appear
“normal” (about +1.2 and ~0.5% respectively). Simitr
picture e aich place with the Inoceramus hobetsensis Nagao
et Mat. shell, consisted of 80+3% of aragonite (5'°0=-3.9%
8/'C=-0.3% (Tables 3,4,5).

Table Mamet and Penzhinskaya Formations and
latest Albian? - late Cenomanian paleotemperatures for high latitudes of the Northem Hemisphere (D, diameter, W, width, L,
lenght, H, height).

Sample | Specier Sage, formation | Location O.W.L& W, | Colour | Cavig [ 3% [370 | TC
in mm) (PDB)|(PDB
R ) o)
T | AveellaT. " Mamet | a2 Shivery| - | 28 700
Gower par) white
065 [ uceling” L) 5D B z I K
061 Inoceramssp Vellowish | - 05 | 43
white
053 | Worm (rbe) 576 White 500 W[ 30
il g =3 Siivery | - o) 7B
white
0536 p”.x»..,..m, = =3 = = o[ 25 | 2e
[70538 | =i T T [ 208
(05T | Penzhinothyris | - = = 2 RS
Anderson and Arthur (198
Table 4 Carbon and oxygen isotope analyses of calctic brachiopod and inoceramid bivalve shells from the middle part of the
Penzhinskaya Formation of the Koryak Upland and Middle Turonian palcotemperatures for high latitudes of the Northern

Hemisphere (H, height, L, lenght, W, width).

Specier Tocation Calite originah (%) | Colour | Caig | &°C | &0 [ TC
(B, L& W,in mm) o) | #DB)
o) | )
ynchonelida | Two shells LT3 00 Silvery-| 1829 | 21 27 [ B
white
Rhynchonelida_| =15 e - 21 26 [ B0
Osirea p. =12 Whiie = 20 [ 55
Inoceramis ey 7 =+ 3 12 |-
“Inoceramus p. Vellowish | 1664 CEN e
white
e sp. 5 Whitc Tz | o5 | a6 [z
Bivalve shell [ H=29 Silvery | - 05 26 |1
white
% = 05 3T -

plana
*Anderson and Arthur (1983)
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Table 5 Carbon and oxygen isotope analyses of aragonitic elements of inoceramid bivalves from the middle and upper parts of the
beight).

Sample Species £ e 70
Arsgonic (%) _[admisturs (5 | Coloor | (FDB) (%) | (PDB) (%)
IS | nocerams 5. MiddTe| 5300 555 5i0; (ac) | Cream = %
Tor
Tnoceromis . - 0 ) [ = Ery 5
Tiocerams b = Hes0 s [ Awme |- a3 25
inte)
001 | ocerams Foberenss | 300 £ g B £ ED
Nagso e Ms
e e o =) g == 32 S
057 (1 luhwﬂmtl‘llpﬂk( s = w g = 77 B
TS ssoen Yoo & - = =) g T 7 EX
Mat.
0S|I eshioensis Nogao & | - L= £ g 77 =7
== =3 £ g i EX
== =0 = g o7 =2
=g L= =) g 3 £
= ) £ g s Ex
TSN |1 reshioensis Nagao e | -+~ =] = g X} £
RT3 |1 teshoensis Nagao et | | A28 = g 3 Ex)
M
Same sl == T iz} [ EE} =X
7 teshioensis Nagao et | - HeE 955 Tnaleime 37 s
;i (rce)
TORSTS [ 1 teshoensis Magao &1 [ - T 5675 g £ X
Mat
TOENG |1, rehioensis Nagao et | | BTG £z g = £ EX)
TOST | 1 reshioensis Nagao & | - L= S [Anateime| - 33 EX
Mt Qi)

Ca-Mg ratios in the prismatic layer of /noceramus
5, (1664 idicat higher Mg conen 13 compared wih
te from Ostrea sp. (177.2), in spite of that fossils were

Tound togethes in th same boukder
pper. Turonian Inoceramus teshioensis Nagao et Mat.
(0451, 245789 10.13141819 and 21 ocsed in the
Member 33 (exposed 1 E of the Mamet River

‘mouth) and consisted nrm.mly umgumme (87-9843%) with
r

bking my sdmicures etont of mior porton o

te, are characterized by constantly very low
S50 valns, which mostly range between —5.9 and -3,
(“T"°C=302-41.1), averaging ~4.7% Another
of that aragonitic shells is their comparatively high E”C
values (ranging from +0.7 (0 +3.9%

w.

Bystrinskaya Formaton
(Sm Jower Campanian)

Santonian-lower Campanian sediments exposed

along the Penzhinskaya ‘Guba at the Esgichninvayam-
Mamet interfluves and norther of the Mamet River mouth
and represented by the Bystrinskaya Formation overly the
Penzhinskaya Formation, obvmus| conformably. In
descending order, they are (Fig. 7):

th nmphmde et over 100 m ot the Mamet

53. Intercalations of dark grey silistone with calcarcous-
marly boulders and grey sil sandstone (about 2.7 km N of
the Mamet River mouth along the Penzhinskaya Guba and
along the Mamet River, about $.0-5.5 km NE of its mouth),
about 170 m.

52. Greyish green medium-grained sandstone, 25 m. Yields
ammonoid Tetragonites glabrus Jimbo.

51 Dark grey siliceous sinter, in the lower portion of the
member, and dark grey sandy silistone, 9 m. Contains
bivalves_(Sphenoceramus sp. o Inoceramus sp,) and
lmmnmvdx (Neophylloceras sp., Eupachydiscus? sp..

50. Greyish green medium-grained sandstone with layers of
Gy sandy sistone, i th ower portion o e reomber
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and itercaltions of dark grey silstone with cacareous-
boulders and erev silt sandstone. in its unoer portior

(350 m N of the Mamet River mouth, 709-1-1,2,3,5), 37 m.

v
s |y [}
: g |&s
% é g |Lithology _-'é‘ gE | svcc.rom stoc rom CamMg
5 |2 2 PR s210125a3200 000 0w
50
g 107
g
= 7
= =

0912,
343

Menuites,
= naumanni

B 3

P 7 The 50 and 8"C values of Early Campanian ammonoid aragonite shells, Late Campanian bivalve calcite and

arly Maastrichtian brachiopod calcite shells from the Penzhinskaya Guba. Other designation s in

it

Figs. 4,5

sandstone with boulders of

yields sp) and
naumanni (Yok) and Menuites aff. M. deccamensis
Stlicaka),

tercalations of greyish _gree
Rlicvigr B i M ol i, s

7
" fne-galned sleone with plat dei, 20
m. Contains bivalves (Inoceramus amakusensis Nagao) an
flowering plant remains.

Grey
calcareous sandstone, 70 m.
45. Dark grey siliceous siltstone, 12 m.

4. Tntercalations of dark grey medium-grained sandstone,
dark grey sandy siltstone, over 25 m. With ammonoid
Menuites naumanni (Yok.) and nautiloid Kymatites sp.

43. Greyish green medium-grained sandstone, 57 m. Yields
ammonoid Menuites naumanni (Yok.) and flowering plant
remains.

42. Intercalations of dark grey silt sandstone and medium-
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grained sandstone, 8 m.
41 Dark yzysnhceonssmur, m.
40, Uark grey grained sandstone, 20 m.
50, Gresioh reen medim. and fne gramed sasbions 24 m.
38. Intercalations of greyish green medium-grained
Sandstone and dark grey silt sandstone, 19 m.
37 Grey el grained sndstone 27 .
y siliceous sinter, 12 m.
55 Groy i sendtons and lotone withcaesreousmarly
boulder:, about 28 m.
34. Grey medium-grained sandstone (Penzhinskaya Guba
between the Esgichninvayam and Mamet River mouths),
about 13 m.
Testoci ult wih :mplmmn: of about 100 m.
strinskaya Formation is over700 m.

s gnm(e Veing Maratles s M. deccurmrsis
(Sioicska) (T09-1-1,53,5, with 85-100% of aragonit)

ind in the member 50, 350 m N of the Mamet River

mouth has been used-for isotopic investigations (most part

af. M. deccamenss shell show a range i 300 and 8C

alues from 23 1o from 3.0 1o ~0.7%,
. These g)v: aloulaicd Late. Cespan

Teleotemperature rnging fom 324 125.5 (Tsle 6,

Pillalvayam Formation
(upper Campanian-Maastrichtian)

Campanian-Maastrichtian

representt P oy ihe Pilahayam Formation (Po

and Vasilenko, 1971) overly with erosion on Bystrinskaya

Formation sequences. At the middle reaches of the Mamet

River and its tributary Tundrovaya River, the lower portion

of the Pillalvayam Formation in descending order is:

61. Grey and greyish green medium-grained greywa

oo (03570351209, 80 m. ik heracors

(Caryophyllidae), ~ colonial  octocorals,  bryozoans,

rhynchonellid  brachiopods  (sbundant),  bivalves

(Truncacila sp.) and shark teei

6. Greyih geen coare grainedobliquely  laminated

sandstonc, |

55 Conglomerate with smal sized pebbl, 121m

58 Oyt coqtina (1023.4,57.9,10.1,12)  m. Contios
Ives (abundant Ostrea sp.).

57 e ren mediur-grained sandions, 20 m

green medium-grained _sandstone  with

bt o R coquina in th

member (702-1), 55 m. Yields bivalves (Osirec

Tigonia . Jocardia ox g 1. aiell Hozaphel

(Pergament, 1961) and nautiloids.

5. Conglomerte with sl izd pebbe, gravelstone and

sediments
Khialainen

ined sandstone with pebbles
and inrlayers of gravelsione, 200325 m. Contains
bivalves (Ostrea sp. indet. and Trigonia sp.).

The thickness of the formation 630-690 m (Pokhialaine
and Vasilenko, 1971). The thickness of the investigated
portion (lower and middle parts of the formation) is about
500 m.

From. (b e o o b, Wilitvesatn Biminion
(members 56 and 58) calcite of well pres irea sp.
(701 1,3,4,57.9,10,11,12) have been lnalyzed The 80

10 2.5%, respectively. Mg content in the
Ostrea sp. shells is very variable
(CoME=16692004), which caused, pparnly, by
significant variable of season environment of thei
inhabitatior

Frnm the

le poction of the formation (Mezber 1),
rachiopod cal
vesiged (7n3|
values for the Early Maastrichtian rhynchonellid samples
ranged from 1.2 to +0.5%(which corresponds to 10.2-
16.5°C) and +0.6 to +1.8%, respectively (Table 6). The
investigated shells are characterized by comparatively low
Mg content (Ca/Mg=186.0).

80 and 5C in ammonoid shells from the Lower
Cretaceous of South Alaska

TG U2 i By ABan Sissuts ol 890
vamska Formaton (5 len:

(Whiteave) (AI-1) w
e i et by minor diagenetic alterations
(consists of solely by aragonite ~ 100%, and has not any
admixtures). "0 value in aragonite cquals ~0.8% which
corresponds 10 19.0°C, 5°°C value reaches +0.6%(Table 2).
Brewiceras hulense (Anderson) shell (A1-3) contains only
i i 5105 s 50 value
equals —1.4% which corresponds to 21.6°C, 5°C value is
oAt (355 Investgated Preboldceres singulare
Imlay (Al-2) seems 1o be unsutable for distinguishing true
isotopic record
Early Albian paleotemperatures obiained for South Alaska
(19.021.6°C) are closely similar those of the Koryal
Upland.

The i tendencies i change of w climie i e
northem  high latitudes during  Cretaceous  (on
eleobmanicay and oot o)

ported i
ian pzleolempemlurz

Isotopic paleotemperature
study are combined with the Valany
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records of Ditchfield (1997) for Svalbard and
mlcaboranical evidences for Koryak Upland and adjacent

Table 6 Casbon and oxygen isotope anal
s om the Pillvayam Formasons

s of
e oo Hemighere 1 g L g

territories (Herman and Lebedev, 1991; Golovneva, 1998;
Golovneva adHerman, 1998; Lebedev, 1990a,b; Markevich,

e f sopi sicacid sl Gt B i md i Wles 0 brachiopod

‘Koryak Upland and Campanian — Maastrichtian paleotemperaturesfor high

Spedes | Sam | Locaio — g [°C_[3%0 | T°C
i< Disgenetic altrations puicae Ty
&L, [ Coiie arigh] Avagonitd Admixtare | Colour
LN EOYC g 7, 7Y
0575 | Mermiies [ Lower —[F-140 [0 o Cream e [ e [l
SfE M dec. | Campanion
(Stolczka
7517 [ Same shell g [0 Greemi 5o [ a7
| Some bl G5} 35 a4
Same shll g a5 Sa | 28 | B
T [ Gureaw | Upper | WH 100 T Sihery- 2
ian white
7077 Goireap. T =
5
576
- 520
5 o167
= - 9270
5 - 19050
B - 17970
B s 19334 | 1
5 ndeiermined | - Te650
- - 5 6
B - - 17857 |2
- - - 17618
- - - 20040
B - - 1930
ida Massirichian
TOVET | Rhynchonell e[ = = ED T | 06 | 06 | i
70324 | Rhynehonell | - T N P e [ Az | e
7023 | Rnynchonell |~ T En B = z T [ a2 | 165
L Lias
Aadersor

0 Athur (1983); ** Grossmam and Ku (1986)

1995; Nesov and Golovneva, 1990) to_ reconstruct the
history of climatic change in the northern high latitudes
from the Berriasian through Maastrichtian.

Berriasian-Valanginian

On the basis of analyses of the Matsijsky and the
Solonijsky ~paleofloristic assemblages from ok
Chukotka volcanic belt and of the Bureya River basin
Lebedev (1990a,b) expects a climatic optimum in Far East
luring Berriasian-Valanginian time, becay rmophyle:
cycadophyte plants were dominated at extensive teritory

from Anadyr and Yakutsk area in the north to western
Okhotsk region and the Amur River basin in the south this
time. On palyologial citeions (Markevich, 1995)
Berriasian climate in st was indeed warm
and suficienly wet, but ding Valanginien was ot 50
‘warm, because she recognized a reduction of Glosspolis in
the Valanginian palynological succession. Ditchfield's data
show cool high latitude marine paleotemperatures (5.3-
10.9°C) during early to mid Valanginian, based on oxygen
stable isotope palcothermometry of endemic_belemnite
species (Acroteuthis, Hibolites) from Kong Karls Land,
Svalbard.
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Hauterivian-Barremian

Data on Ozhogin and Chemchukin paleofloristic

assemblages from north-cast Asia (Golovneva, 1998) and

the Bureya River basin (Lebedev, 1990b), correspondingly,

iy, exiinios ofyara Jumid ik o
including  Hauterivian-Barr

i by development of forms, gnkgoaleans,

ta ot
o s i i of =
Penzhmshy- Guba, show

at
Peninsula,
raiee of i’ sate o ot Mgh il
Bartemian (24.5°C) than i aservian 21 °C)

Aptian-early Albian-

Analyses of the Silyap, Buorkemyus and Tyl
assemblages from north-cast Asia (Golovneva, 1998) and
Kinbarovsk region (Lebede, 19906) _conflm _the
continuation of cf imid climate in Aptian
and carly Albian time. The carly Alhun Buorkemyus and

flowering plants. The
loi Apisa i1 el of o Mt Petinia

palcotemperatures obtained_from

(18.4-25.9°C) seem the same or relatively w
Shan those from ary Albian brachioped Penthiethys of
the Talovka River basin (18.6°C).

Middle Albian

A reduction of cycadophytes and domination of
coniferous related 10 a marked deterioration of climatic
conditions have been recognized in middle Albian floristic
assemblages by Golovneva (1998) (Topan assemblage of
North-East Russia) and Lebedev (1990b) (Enmanrin one of
Khabarovsk region).

Late Albian-early Cenomanian

in-early Cenomanian Arman flora
of North-East Russia differs from the previous Topan flora
by increase of diversity of cycadophytes and platanoids,
h indicates on geiting
ate Cretaceous
transition. Oxygen-isotopic analysis of Aucellina? calcite
from the lower part of the Mamet Formation in the
Penzhinskaya Guba indicates on rather high temperature
(24.0°C) of shallow-water of the North Kamchatka area
during the sedimentation of the Mamet Formation basal
beds.

Late Cenomanian ~ early Turomian

the Late Cenomanian—carly Turonian
Gubenkmskly floristic _assemblage of _north-western
Kamchatka (Herman and Lebedev, 1991; Golovneva, 1998;
Gelomevs and Hermas, 1998) ud (he contempormneans
Dukchandin _assemblage of the Khabarovsk ~regior

(0 epoch of cold humid climate. The results of
oope. mcougaion of caleie of hallowewaer
brosbionod Peashinatiors fom B lowes st o the
Penzhi Formation confirm some paleobotanical dat
showing rather high paleotemperatures (20.4-23.3°C) of
shallow waters of North Kamchatka in late Cenomanian.
Somewhat higher paleotemperature (24.9°C) was obtained
on the basis of data on the calcitic tube of marine worm
discovered at the same locality.

Turonian—carly Coniacian

For both the Penzhinskiy floristic assemblage of
north-western Kamchatka (Herman and Lebedev, 1991;
Golovneva, 1998; Golovneva and Herman, 1998) and the

Obtained data on isotopic composition of calcite of middle
‘Turonian brachiopods and some bivalves from the middle
part of the Penzhinskaya Formation allow to expect rather
high shallow-water temperatures (23.1-23.5°C) for the
Penzhinskaya Guba region during middle Turonian time.
At the same time oxygen-isotopic data obtained by us some
ago on Taronian (apparently, late = Turonian)
i@ from eastern Zakh:
.+ 1996, 1999) testify, obviously, on lower shallow-

comparison with middle
Turonian ones. Comparatively low paleotemperatures for
the late Turonian were recently determined by isolopic
investigation of brachiopod shells also for south England
(16.0-182°C) and (14.2°C) (Voigt, 2000).

Coniacian

e rain fatures of the Colacian Kaivayarm
flora of northwestern Kamchatka (Herman and
951; Golowmen, 1998; Golovneva and Hum
(1) development of  magnolia-form 2)
Setrivarion of g eated plaaneits, Which Riontes on
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more or less warm and very humid climate here during
Tiddlc and late Coniacian. Judging from isotopic
compositon of bivalve Nannonavis calcite from the upper
partof the Penzhinskaya Formation of the low reaches of

leafed platanoids and ginkgoaleans (Nesov and Golovneva,
Golovneva, 1998; Golovneva and Herman, 1998)
Compared to the middle-late Cretaceous, Middie

Ihe Talovka River, value
for norh Kamshaka during Conician was 1 3°C, but
data from aragonite of ammonoid Kossmaticeras and
Anagaudryceras Trom ober beds of the e secion thow
higher paleotemperatures (18.5-20.6°C) (Table 7). The
Coniscian paleotemperatures obtained from the Koryak
Upland are only at 3-9°C cooler than those from Hokkaido
(Table 7).

Santonian

For the Santonian Velizhgen floristical stage in
north-castern Asia the _abundar cycadophytes,
disappearance of large-leafed platanoids, reduction of plant
speies diversiyand ‘abundance of fers are characteristic

rresponds to development of & warm arid climate in
midde. Santonian (Golovneva, 1998; Golovneva. and
Herman, 1998).

Campanian

“The Campanian Barykov floristcal tage n norh-
east Asia

Maastrichtian climate appears (o be not so warm, but 10 be
ly .

Late Maastrichtian — Danian

Judging from absence of cycadophytes, rarity of
assemblage of the north Koryak
climate seems to be present during the late Maastrichtian—
Danian time (Golovneva and Herman, 1998).

Cretaceous thermal maxima and Turonian fresh
influence in high latitudes of the Northem
here

water
Hemi

"hus, on the basis of data on isotopic thermometry
and paleobotanical observation (first of all registration of
epochs of development of thermophyle cycadophytes and
moisture-loving large-leafed platanoids) made fo

Koryak Upland the next thermal maxima for high-
of the Norther Hemisphere have been recognized: (1)
Bernnsun (humid), (z) Barremian (humid), (3) Aptian-

appearance of rare phl:nmds and_reduction of fen
diversity, that corresponds o Campanian _thermal
maximum foll reduction of aridity (Golovneva

and Herman, 1998). Judging from isotopic composition of
aragonitic shell of Menuites from the Bystrinskaya
Formation of the Penzhinskaya Guba, shallow-water
paleotemperature of northem Kamchatka reached 22.4-
25.5°C in early Campanian. Analysis of the calcite shells
fom the middie part of the Pillhvayats Foaton of the
Penzhinskaya  Guba  shows hallow-water
Plectermpenture was ot sssentally varied (Il 3254°C)
during late Campanian.

Early-middle Maastrichtian

udging from oxygen isotope composition of
bmduupod calcite from the upper part of the Pillalvayam
n of the Tundrovaya River arca, Penzhinskaya
um, through the course of the late Campanian - early

hian, paleotemperatures in_north Kamchatka
dropped sharply from a rgh of over 20°C t0 10.0-16.9°C),

Naidin,

Shackelton, 1981; Barrera et al., 1

1990; Huber et a., 1995; Zakharov et a., 199).
Paleobotanical evidence on the Gom

orechensk
and Kakanaut assemblages of Koryak Upland allows to

humid climate there for the mid-
Maastrichian, when the significant role in these floristic
associations began to play cycadophytes, as well as large-

) e Albian (7-ealy Cenomanian
lhumld), (9 Commnias Tarnian (rumic), (6) widdle
ications of aridity), (7) mid- Sumonian
(and). ® eary Cimp-mnn (with reduction of aridity), (9)
Iate Campanian (s juction of aridity), and (10) mid-
Maastrichtian (humid) (n

The strongly negative 8°0 values found in
aragonite of good preserved middle and especially late
Turonian inoceramid bivalves from the one of regions of
westen Koryakia (Esgichninvayam and Mamet River
basins), ranging from —4.3 t0 —5.9% seem 10 be connected
with the freshening of the Penzhinskaya Guba basin (Fig.
9). 1t may be due o harp development of huid climate
(firstly, warm and afier cold) (Golovneva and Herm
1998), which is likely to have occi e Bomit
Upland area mainly during Turonian time. Similar picture
took place, apparently, during early Turonian in_high
latitudes of the Southern Hemisphere, which is confirmed
by isotopic data on Early Turonian planktonic foraminifers
from the Southem Aantic and discovering of relatively
high vertical oxygen-isotopic gradient just for the Turonian
of the Sootbers Al (Hobes tal, 1995). 1t sgems

thatsuy fresh-water input from high Ilatitude
oo the' Neeter’ o outhern
Hemispheres _during with formation of a

freshened surface hyer in some neighboring aquatorics, is
kel comnested with extesive ridisaion of lmte of
that g

pochs of a relatively mild climate in high-
latitudes were favorable in particular for the dinosaurs
inhabitation and  their long-term migrations through the
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Borig Lusd Brdge: bgh wmpertues promotod to - base (Knsello, 1981; Kmailow ct . 1990) during ol
successful completion of an incubation period of their life  their way from Koryakia to Alaska and back.

(Nesov, 1995, 1997) and warm humid climate favorably ~ Kakanaut River basin, Bering

influenced on development of their cycadophyte forage

ile 7 Carbon and axygen ectope sy of sagonit itic mollusc shells from the Penzhinskaya Formation of Talovka River,
Koryak Upland and noceramus wwaienss Zone re) sm - gt River basin, Hokkaido, and Coniacian palestemperatures of

Sample | Species | Formation, | Location B I B
e | &L ®0B) | (PDB)
Inmm) [ Rragonid € % 71 € 11 q Admintard Comwr | O | (%)
e Grigina () | )
Fenbnays |45 (96 |- Clnepieie| Sivery- | 11| 12
(eS| whie
= [ B o5 | o7
W e[ wS0r 75 [ o | e
Ginte,
clnopiloie
e
55 | Nomonmirep | [EE— W = CH R B
15| Totapamoceras | noceromis | Hover @5 [ 905 | - Chinopaioiie| Amesie | 15| 14| 216
waiensis ety e
Zome
5% {noceramis [I— 5 £ T
“Anderson and Arthur (1983); +* Grossmam and K (1986)
PARRACHA]
FORMATION | PENZHINSKAYAGUBA |  TALOVKA | (rakhmray " [ovidences
Stage ST [Golowmera,
TIKE [German.
e R R = [
7 T
Danian T [ =
ichti Pilavayan e o e
(e TN i e 1Y
Campanian T P (e [ e w
Bysimstan
Santonian (aragonite) | %
Coniacian 12t 16308 ot
Fenimiayy H e
Turonian ol - i | |
C i TN e b
Warer o
[Albian e
i T L
Aptian 1
P i
- (alcie)
o v =
Hauterivian | Galeie) o

Fig. 8 Carbon and oxygen isotope values for well preserved benihic (shallow water) and semipelagic invertcbrates from the Cretaccous
o the Koryk Uploc, Clistc based o paleobuiel evidecesk: CH - cold s, (CYH - moe ol ood huid, WH ~
warm humid, (WH — more or less warm humid, WA,

e with  weak iy,




‘and carbon isoiope ratios, Koryok Upland and Alaska

=
15
5" 0%, PDB)
"
o
AR per () Twonion)
a
e it sormalsaliiy

2 {Exp i Ror b

& {idie Toroman
3 o 2

wﬂm:kdundn inity

= 3 ‘Elpchmvl’lmRMl
“ fiddle Turonian)

a s
* - s Freshened waters

. (Mamet River basin,

o 6 Upper Turonian)
-

H R T R S S A B L)

& °C(% PDB)

9 Anomalously light and “normal” §'*0 npumns. plescrvcd in Turonian brachiopod, bivalve and ammonoid shells from western
and eastern Koryakis, and their interpret rachiopod calcite, 2 - inoceramid aragonit, 3 ~ inoceramid calcite, 4 — Osirea
bl b e g b oy

regon o the Korya Upkand, emaln of sl e frvele . provoeod be lowiog of thermal grdicnts snd

teopod Trooden sp. €. T formarus Cope and bateosrs - development of warm eqable global cimati conditions
jwt wih sbundance of cyalophyte  giviag ise 0  very weakdy deined climatic zomaion

Enuphalanopm idaves (Ksasilow ol 1990), duriog meny. Creseeous kevals, bt seems
Hociaded e mly Valanginian and also in_ the

CONCLUSION bepioning and the nd of Masstichian.

‘The mechanism of heat transpor to high latitudes
New evidence on relatively high shallow-water  still is insufficiently full researched. The hydrodynamic
paleotemperatures of the Koryak Upland basin during system of the Cretaceous ocean, main carrier of heat from
ity Cracasi Gages wems 1 b el conitd Wi 1€ el e Bl i e Tl o 1t
isotopic data (Huber et al, 1995)  (Nesov, 1997). In Nesov's opinion, some wam
recently obumed b i Seetian Hemisphere and  downwellings, for example, were of great importance for
eshotsies! evidnoes on the Nohera Hevdtphere  the plavet temperstre rae. Polevard hest oo mese

(Vlkhnmrev 1978; Nesov and Golovneva, 1990; H
10d Lbeden, 1991; Spice <t al 199 Golovneva and
Herman, 1998). Turgai or Wesion Inerior Basine (Fg 10) Slingerlnd et
Al tese datn sllow 1o expect considesbe beat . 1996; Nesow 199T; Tea end Westemams, 1996;
transport to high latitudes of both hemispheres during the  Naidin, 2001). This type of basins are absent in the
f Cretaceous. It was most strongly ymnmmczd 15oamams ysiem of e Bessat ooem
apparently, in Hauterivian-Barremian, early Aptian, earl Judging from some isotopic data from the Jurassic
Albian, ot Cenomanian, Samtonian and Corparian, when  (Brand, 1986, Ditchield, 1997, the most Crelaceous
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Stages scem to be warmer than the middle or late Jurassic
ones. This conclusion is confirmed by our analyses of well

seem to be compatible with the short-lived formation of
high latitude moderate-sized ice sheet for ecarly

Fig. 10Palogeogmphic map or sl Al igh et
Hemigphere. | - The
imotaur vpon i Berng Land Brge ring some ot
of Cretacenus e

preserved brachiopod and cephalopod skeletons from the
Lower Callovian (Cadoceras elatmae Zone) of the Russian

shells are about only 11.9°C, 16.7 °C and 133-207 °C,
respectively (Table 8).

Cool carly Maastrichtian paleotemperatures (about

5°0) nbumed for decp-water foraminifers from both low

des of the Souther Hemisphere and atend

sacoloped
evidence is lacking now.

ia on biclogiel productivity of Mghintitde
seas of the Northern Hemisphere during Cretaceous are not
. Frsy, baving only vey restricted mateial | Zakdacen
. 1999), we expected their very low bioproductvity,
connccted with possible oxygen depletion of g atinde

ot _confirmed
" The bighest voproducviy
forther

bempbere, e well ks ofhr Creticeons sas ot e o
1999), fall on the Aptian - maxima of 8"°C
(5663 bave been rcontod I ihe uppet porion of tbe
¢ .

ian sequences of the middle part of

the Penzhinskaya (5°C=3.3% Formations. New data mey
one of arguments in favor of intensive marine W

ciralaton in some ages of Cretacsus, which helps e

in_p:
appearance of anoazones in it Krssl 1985; Naidin et
al, 1986; Nesov, 1997), which confirns by cyclic
Semposton of carbonaceows i

o Masrchian susaic lowerng (VTer e s, 1999)
Table 8. elahmae
the Russian Platt Hemisphere
H, height, W, weigh, D, diamete, L. lenght.
N N N P [T [5%0 [T
W,
& b g *
[FT | WA (e[ 100 ST R G
55 s B o T o {17
5914 E O T 0a 15
g Toce [ 2
=60 ] FaB 3T o5 [
n e
w19 O o0 L I R
2 T T [ [ew| 1o | 2 [
i bodesis
©zpcl) =
Anderson and Arhar (1953); ** Grossmam and Ku (1956)
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and carbon isotope ratos, Koryak Upland and Aloska

One of the important puzzles connected with
lobal snona emains unanswered. The eisence of anoxia

& ones in the marine water column believes to be
i oven i the World ocean (Tt and Westermann,
59%) and thercfore the thesis on global development of
ey frec at ocean conditions during some ages of
us (late B enomanian-

5"!
g
g

Sororia. transiion, Coniacian Santonian), postlated by
many vorkesafer Jenkyns (1950),seems o b inorrect,
in our opnin. The high developmert of phytoplaron
during Barremien, Aptian and Cenomanian-Turonian
boundary mm.um controlled by positive carbon-isotopic
anomalies of corresponding levels, on_the contrary,
oeimes baih 1o pronounced, satusion of oceanie waler
by organic carbonaceous and the significant increase in
oxygen content in acean and atmosphere at all because of
its active phyloplankion photosynthesis on 2 global scale
also terrestrial plant photosynthesis). Drop in oxygen
production, naturally, alls only on the terminal Cretaceous,
abonstes ofwii e charcer ized by extremely low
values. Therefore, the global anoxia during Cretaceous
mly be rather expected in the Maastrichtian-Danian
‘boundary transition.
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