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Abstrace—Six palecthermal and paleohydrologic settings in Callovian-Oxfordian seas of northwestern Eur-
asia are modeled for six dme intervals corresponding in duration to the substage. The modehing principle s
based on the study of probabilistic relationships between vartous faunal etements from different paleabioged-

 graphic provinces in.a single species assemblage, ammonites in the considerd case. The methed opens a pos-

* gibility to recognize periods of subglobal and local warting and cooling, to reconstruct ourrents In the entire
seq systerm, and 10 specify palestemperature distribution. Two periods of waler mass warming (middle Callov.
fan and middle Oxfordiany and three periods of their relative cooling (early Callovian, Calovian-Cix fordian
boundary period, and late Oxfordian} are distinguished in the Callovian-Oxfordian, All palecbasing of north-
western Burasia (Arctic, Ceniral Russian, Etropean, Peri-Tethyan, Tethyan) had autonomous circutation sys-
temy with different paleotemperature characteristics. Because of this, dynamics of the thermal regime in the
Cattovian-{xfardian basing primarily reflecis variations in the hydrological regime rather than paleoclimatic
changes.
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INTRODUCTION

Dusing the Callovian-Oxfordian ages of the Mid-
dle-f.ate Jurassic, the territory of northwestern BEurasia
was covered by vast epicontinental seas, which are tra-
ditonally subdivided into the European and Central
Russiani hasins separated by the Scandinavian massif
ad Ukrainwan land. In the norih, the seas jomned the
B {Arctic) basin via the Pechora séaway of the
“Russian sea and via a narrow strait. bétween

the south, both bastns, the boundary between which
should probably be placed along the southern margin of
epi-Hercynian mussifs, were bordered by warm waters
of the Tethys.

Although the Jurassic marine sequences i the terri-
fory of northwestern Burasia are well studied, the pale-
oemperature characteristic of relevant seas remains
poorly known so far. Until the appearance of paleother-
mometty methods, this aspect of paleobiogeographic
sudies was virtually ignored. The majority of authors,
who were dealing with the problem of sea palectemper-
atures, considered it as a problem of paleochmatology
and used the corresponding terminclogy and concep-
tuat arsenal. Inasmuch as the methods of absolute pale-
gthermometry are applicable only for determination of
water paleotemperature, the relevant problems go how-

‘ever far beyond paleoclimatology and require the other;

at least palechydrological conceptual basis. In his fun-
damental work Jurassic Geology of the World, Arkell
{1961 does not use the nolion “palectemperature” at
all and related aspects are discussed in small chapter
dedicated to the Jurassic chimate. He emphasived there-
with that even this chapter could be excluded from the
book because of absence of reliable data, Discussing
paleotemperatures in Inrassic seas, Arkell used relative
characteristics such as indicators of warm, tropical and
subtropical seas. Among the mentioned indicators,
there were reef-building corals, large mollusks, and
prevalence of carbonate facies in studied lithofacies, He
also compared data on maring sediments with observa-
tions in continents o reconsiruct the Jurassic clumate.
This approach allowed him to arrive at the following
conclusions: (1} the Jurassic ¢limate was warmer than
now; (2) equator was substantially closer Lo the north,
appreximately in the southern part of the modermn Med-
erranean region; (3) charsctenstic of the Jurassic were
alternating cooling and warming periods with a maxi-
mial warniing in the Oxfordian. The last inference was
derived mainty from disiribution of corals and thermo-
philic ammonite assemblages in manne sediments.
Summarizing, Arkell assumed that solar radiation in the
Jurassic was higher than now,

With the paleothermometry method proposed by
H.C Urey in the 1950, absolute paleotemperatures can
be estimated based on mvestigation of marine organo-
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gemc carbonates. During subsequent decades, numer-
ous works, summarizing inclided, were dedicated 1o
Jurassic palectemperatures of northern Eurasia and
other regions (krailiani, 1967, Bowen, 1969; Stevens,
1971 Stevens and Clayton, 1971; Teis and Naidin,
1973 Baboullesu or al, 1998; Rokl ¢f &/, 2001 Gre-
gory ef al., 2002 Poulsen ef al., i press; and others).
According to these works with most complete data on
the Oxfordian of Europe, paleotemperatures reflect pri-
marily the latitadinal changes in this parameter. Ten-
peratures fHuctuations were substantial during the Juras-
sie, corresponding to three warnng periods (Toarcian,
ididle  Oxfordian, and Tithoman maximoms) o
Europe and Greenland (Bowen, 1965), The elucidated
trend is complicated by msignificant deviations from
average values In space and with time (early Kimmerid-
gian minimam). The asynchronous palectemperature
mmmums and maximums in generatived curves com-
piled for various regions of the Boreéal, Tethivan, and
Notal provinces (Stevens, 1971 and others) created
pessimistic attitude of some researchers to the absolute
paleothermometry method (Hallam, 19781 In some
works, there was admitted possibility of using oxygen
isotopic ratios for palectemperature reconstructions,
although they are poorly correlative with data on car-
bon isotope ratios {(Gruszczynski, 1998} Despite all the
discrepancies in paleothermal studies, many of changes
m absolule paleotemperatures estimated for Burope,
general and particolar, coincide however with changes
in relative climatic characteristics based on distribution
of corals (Arkell, 1933; Leinfelder, 1993; Berding,
1993; Bertling and Insalaco, 1998 and others),
dinoflagellates (Poulsen ef al., n press), and land fom
{Vakhrameev, 1991; Abbink 21 o/, 19958, 2001; Rees
eral., unpublished dats). The equator position pro-
posed by Bowen is alse compatible with that i the
Arkell’s reconstruction.

"The available data on Jurassic palectemperatures of
Europe and adjacent regions are irregularly scattered.
For imstance, Bowen carried out his observations
matnly in France and Germany and practically ignored
other regions, except for England and Greenland. In
termis of paleochmatic approach, these data are suffi-
cient to reveal succession of warming and cooling peri-
ods in different regions, although they give almost
nothing for palechydrological interpretation and can be
even miusteading in this aspect. It should be noted, that
precisely paleochimatic approach is a key objective of
many interpretations,

in our country, paleotemperatures were estimated
for the Russian platform and North Siberia (Saks, 1969;
Teis and Naidin, 1973; and others). These observations
within a wide strafigraphic interval are insufficiently
accurate (stage intervals or greater). However, pale-
otemperature fluctuations defined in the Boreal Jurassic
appeared o be synchronous with those in Ewrope. In
the mentioned works, particular attention is paid w sea-
sonal paleotemperature vanations extremely valuable
interms of water mass characterization. The analysis of
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these ohservations showed in particular that the north
ern part of Burasia was in the Late Jorassic under infle
ence of water masses with temperatares of [0-14%C
ie., transitional between subtropical and temperate
Even lower paleotemperature values (7 to 10°C) were
obtamed for high-boreal areas based on analvsis of
Middle~Upper Jurassic belemnites from Spitsberses
{(Ditchhield, 1997

HBased on a brief review of principal results obtained
by paleothermal studies of Jurassic marine sedimentsin
northwestern Europe, i is possible 1o outline severdl
characteristic aspects  in approaches of differem
researchers o paleotemperature data and their interpre-
tation. First, the studied materials (mainly belermnitey
are sampled from a himited namber of localities in the
geographical region under consideration, and inferable

anatyzed samples characterize discrete levels withing
wide stratigraphic interval so that the maximal resols
uon rarely exceeds the stage rank. Paleotemiperature
dafa for narrower ranges (zone, subzone, and bichern
zon) have been published not long ago only {Anderson
ef al., 1994; Ribaulleau 7 o/, 1998 Barskov and
Kivashko, 2000). Third, the paleotemperature curves
compiled for long time mtervals (e.g., Stevens’ curves)
characterize particular regions, e.g., the Russian plar
form or Burope, being considered, nevertheless, as gle-
bal i significance. These curves completely ignore
regional fluctuations, sometimes opposite in sign
Fourth, the results of palectemperature analysis ai
usually mterpreted as paleochimatic changes, and spec
trum of possible cansal effects is depleted therefore,
capable tolead m 4 dead end, because the water tempei
ature is not a chimatic parameter,

The tradittonal paleochimatic approach to interpreta-
tion of palcotemperature data. ofien ignores azona
character and factors of femperature distribution
Therefore, the paleotemperature fluctuations within z
ziven latitudinal zone have been freguently interpreted
as “anomalies” or artifacts related to technology of the
analysis (Hallam, 1978). The probable influence of car
rents on temperature disiribution 1 also rarely taken
into consideration in reconstructions of the Jurassic
seas palectemperatures. An event, which is commonly
under discussion, is the influence of the warm Tethyay
current that presumably penctrated via Europe far
northward. For example, Arkel assumed influence of 3
warm current during the Portlandian in England based
on coexastence of thermophilic marine and cryophilic
continental faunas (Arkell, 1961). Bowen (196Y9), who
noted strong paleotemperature variations (up to 6°Cip
range within area 200 km across) in the Parisian basip
located slightly southward, explained this phenomenon
by a local warm current. For the Late Jurassic, he alsn
assumed influence of a warm current that crossed the
Morth Sea and reached Greenland. This event was also

{Abbink ef al., 2001} The origin of all these currents
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has been considered in the work by Teis and Naidin
'%}?’%}; ‘ho attributed them, based on additional data
Tom. Siberia, 10 a szmrie warm curtent fowing from
outhern Eurape via Greenland to Siberia. However,
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The . paleobiogeographic data, i they are casually
commected with paleotemperatures, are more informa-
ive than absolute temperature and. better elucidate the
é&}iﬁgi{:&i ;:*ﬁ,gime m the gi%ﬁ paleobasin estrmates,
g | ¢ atready available and
ed i g cemg}rﬁh&nswe analysis only. There are many
ks dedicated to this problem, and reconstroctions of
leocurrents. %»asea% on if‘i%{fﬁ)ﬁii(?ﬁ Gf vm{;‘a% fauﬁfzi
ﬁii%}:%,% e.g., ammonites, are of partu
rang thesm Ega wm% Gf methx:}é{sii}gv ih@s@ Tecon-
sructions are based on the assumption that migration
%:hg of amfnf}mmf; cmnmd@é wﬁ?} aﬂé were commlle,é

ﬁ‘ééi‘{}f zm faana grﬂﬂp(ﬁhﬁéﬁi@i E@?’é} The coun:
pentrents in-the strait between Greenland and Scandi-
via (hn@& 1980: Khudolei, 1984, 1983, 1988,.1993;

bbink ef al., 2001) have been assumed for Jurassic
i addition to the cold water discharge in the
ofa basin (Enay, 1980) and cold current of the
{lovian time from the Ceniral Russian sea to the Cen-
§Audﬁ basin {Xi’;ﬁﬁf{}i@i 1985).

vthis work, the main atiention is focused onrecon-
ruction of a general circulation system for the Callov-
'mi}xfg.ré;an seas of northwestern Burasia based on
wmonifes. Tn my previous work (Kiselev, 1998), [
msidered the relative paleotemperatures only for the
entral -Russian sea: Main conclusions of that work.
are ag follows. (1) In ammonite assemblages from
and more sections, proportions between taxa of dif-

rent origin change in meridional direction even
?;iiézzzz g&{}gmph;caﬁy igmmﬁ areas, 1. :3 i%"}g&s C%’ldﬂg@&

%ﬁ%& are, i’ﬁ{}aﬁy %i:@nsihcm}&% E&?g&ﬁi&;t‘ﬁ% ‘mgh% sensi-
to water temperature. gradients, and paleobiogeo-
aphic data-on their distribution can be {:i}ﬁsequenﬁy
ed for detailed reconstructions of the thermal regime
 sea basing, {3} Secular ci‘;zmgeﬁ in relative paleoctem-
fatires vary in different regions (Central Russian sea
d adiacent areas. of the Tethys, Europe, and the Arctic
wirty and even subregions (western and eastern zonés
f the Central Russian sea), thus being dependent on
gional ¢irculation systerms. In the Ceéntral Russian sea
the Callovian-Oxfordian time, there was a steady
ulation system that inclnded a permanent counter-
srrent crossing the entire basin from the. north south-

rd and several warm countergurrents of different orf-

METHODS
In this work, T used principle of the relative pale-
ofemperature analysis applied 16 ammonite assem-

THE THERMAL REGIME DYNAMICS IN CALLOVIAN-OXFORDIAN SEAS

communicating epicontinental sec
amenites belonged 10 the other biome (in terms, of
Thierry, 1988}, and théir distribution was controlled

STRATIGRAPIHY AND GEOLOGICAL CORRELATION Wl 12 No 4

349

blages. This meéthod of estimating relative paleoter-
peratures b

s been described eattier (Kiselev, 1998).
Four assumptions are basic in the methed.
{1} The thermal factor had decisive impact on geo-

graphic distribution of ammonite species within irter-
. In oceanic basins,

therefore by shelf boundaries and by other factors of
morphological-functional gﬁdﬁpi&tmﬁ {Dommergues
etal., 1987, Thierry, 19883,

{2y The ;::mbab;i;_i}f of %igec;e% ﬁfiﬁﬁg‘i in a diversifica

tion center of a genus is maximal, Th; comespsn&i;ng
centfer i{_}fﬁczéggs with the species radiation center,

Migration paths are oriented away from the species

e

radiation center {Khudelet, 1976).
{3) Four maly centers of species radiation were
characteristic of Jurassic seas: {a) the Arctic basin

(Boreal Province, after Zeiss, 1968), (b} the Cenieal

Russian sea (Subboreal Province, ibid), (c) the Buro-
pean basin (Subboreal and Submediterrancan prov-

inces, after Ziegler, 1963), and (d) the Tethyan basin
{(Mediterrancan and southerly provinces, 1bid). The
belonging of a species to a certain radiation center is
determined by the assumption (2} regardiess of its dis-
iribnﬁii}n F{};‘ %iﬁ&%})r&&ﬁ i{}fms %he §3r$babmty of ori-
iexa@r than § Aﬁ eaﬁemic é;}%{,i&’:s {}ni’sf can be Cfi}{i&;ié“
ered-as i‘sa‘%ing probability of originina gartacukar basin
that is equal to 1 {until the established occurrence n the
other basin).

{4} Each of four radiation centers was located at dif-
ferent paleolatitudes, in the following N-S succession:
Agctic basin, Cenfral Russian 3@3&, Enropean basin,
Tethys ocean. This assumption Jeans upon paleogeo-
gra;}hfc reconstructions, the mobilistic included (Car-
iou ef al., 1985; Dommerguss ef al., 1987, Golonka,
200Z; @@?@ﬁka and Bocharova, Z{’}f}{} and othess). In
line with the principle of climatic zonality, the average
temperature of water masses increased in the same

chirection..

The technical aspect of the method consists in cal-
culation of exact proportions between species of differ-
ent origin in each ammonite assemblage. Inasmuch as
the origination center of any species, in particular cos-
mopolitan one, cannot be determined, in the absolute
sense, the probability of its originis calculated for each

faunal provinge using the formula:

_ 4

"¢ m

Pagmm origin

geﬁ&s in the re§e¥a§ﬁ: bas"m Eq is.asum of g inall baxms
where the species occurs. The formula of species origin
probability s based on the assumption {2). Four or less
P values are calculated for each species dependingon a
number of basins, where it was found. For example,
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four P ovalues caleulated for Cardioceras cordotum
{Sow.), the cosmopolitan species within northwestern
Furasa, are (.1, 044, 6,21, and 025 Tor the Tethvan,
Enropean, Cemral Bussian, and ArCiic basing, respec-
tively, When the species is not cosmopolitan, three of
less P values are calculated. Forendemic species, P is
egual fo 1.

When calculating proportions of species originated
from different radiation centers in a given ammonite
assemblage, all P values are sumimed with subsequent
averaging. In orderto obiain parameters characterizing
paleotemperatures, conventional coeflicients 1, 2, 3,
and 4 in order of the average water ternperature rise are
introduced it the next formula according fo the above
assurption (4):

4EPt+335Pe +22Pc+ 1 EPa
RPC = S SPevsPossPa = &

where RPC is the relative palectemperature coeflicient,
Py, Pe, Pe, and Pa are probabilinies of species originated
in the Tethyan, BEuropéan, Central Russian, and Arctic
basins, respectively. Inagmuch as the probability of spe-
cies origin for the entire system of basins 18 eqgual to 1,
depomingtor E(ZP) in the formula (1) s consequently
equal 1o the number of species in cach assemblage, and
the formula turns into the following

2iCs c.e 1ZPa. ¢, e 1)

RPC =
N

3}

where C is a conventional coefficient characterizing the
average waler iemperature fiss in different basins, and
N s number of species in a given ammonite assen
blage. Since the RPC is causally connected with vari-
abie temperature regimes in the system of basing under
consideration according to assumptions (1} and {(4), 1t
can be referred (o as “relative 'g:}&i{i{}i;ﬁm?af&tar& "

stage zﬁdgéﬁg ﬁ@mﬁ%i&%}ﬁ @f a wmp?eief list of spe@ze%
gocurping in all the basing within the particular strati-
graphic interval and caleslation of g, Zg, and P param-
eters for each genus separately. The second stage cone
sists in the BPC caleulation for the all species of differ-
ent genera from the particular stratigraphic umt of the
micividual section o Iocality.

At the next stage, the calculated RPC values are to
be plotted and outlined by isolines on the nap. In total,
stz palectemperature isoline schemes have begn come-
piled for six time eguivalents of the Callovian and
Oxfordian substages. Tofolfill ths task, the necessary
parameters have been calculated for 205 ammonite
assemblages from 361 Tocalities in 54 areas of the Arc-
fie, Buropean (Peri-Tethyan), Tethyan, and Central
Russian basins of northwestern Buorasia {lablke 1), The
source materials have been collected from publications,
musean and private-collections in addition to onginal
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data obtained during field works in the Russian plai-
form.

Despite the relative simplicity of this method, i
application 1s associated with the following disadvan-
tages.

{1y Imcompleteness of stratigraphic and paleornio-
legical data. Ideally, the RPC should be calculated for
the each outerop, bul a study area can frequently ke
characterized by a single site of several outcrops only
because of mcompleteness of other sections and fossil
records {as is known, compilation of the complete by
can take tens of vears even in case of regular observa
tions). Becanse of the same reason, the RPC caloulation
is problematic for narrow stratigraphic intervals (a zone
and lesser subdivisions) in large territories, and there
fore the substage scale is used 1 this work. By a gen
eral characterization of the substage time span, which
are 1.5 to 2.0 m.y. long n the Jurassic System {C&
lonon, 19843, many ﬁzzg:z‘zmmm in the thermal regime
of sea basins, which undoubtedly took place because of
cyclic processes in the hydrosphers, remain obscure
Accordingly, any reconstruction for such a ime interval
depicts only maost general trends the thermal regime
evolution i 2 basin, In principle, the palectemperature
parameters and thewr changes can be inferred for any
time interval, if configuration and disposition of the
basins did not change, Within the greater ime intervals,
the calculated parameters become averaged, but thew
spatial distribution remains unchanged,

{2) Subjective systematics. As is Known, researchers
have different, cven opposite views on laxonomy of
fossits. Lists of taxa compiled by adherents of species
nnification and sexual dimorphism concept will be
shorter than those of other paleontologists will, and cal-
cutated RPC values should be different therefore. Nev-
ertheless, my own experience shows that different tax-
onomic &p@r@&ﬁﬁ% crzate an msigmiicant discrepancy.
The erroneously identified close and endemic species
almost do not affect the RPC value, because they oceur
usually in a ‘siﬂgi@ paleobiogeographic province {for
endemic species this value is always equal to 1), For
example, P, for Cadoceras elatmae (NIK) in the
Arctic, Central Russian, European, and Tethyan basins
15063 025 011 and Q.01 respectively. For O sepren-
irionale and C. @mﬁi&fzzwé‘ Yor., the values are identi-
cat, equal to 1, 0, O, O as both forms are unknown
bevond the Boreal Provinee. The error in identification
of close species with different geographic distribution
is also misignificant, as it is psually concealed under the
highest P value characierizing the province (basin),
where the genus diversification center was., Cadoceras
tschernischevi 5ok, s known from the Central Rossian
and Arctic hasing, therefore s ?mgiﬁ 15 (069, G431, 4
and 0, Le., nsignificantly different in general as com-
parid to above values calenlated for Cadoceras elar-
mae {Mik.). The experience shows that the RPC value
changes insignificantly and does not affect the general
interpretation, if the sum of errors is 20% or less,
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(3} Taxonowmic diversity increase. The discovery of

pew species increases théir lists forany locality. This.

should change unavoidubly the RPC valies, particu-
: peme% 1ePress t-taxa untypical of the

‘eidae represe £{aXE | @i i:h;& kmeﬁ f’(}“r thﬁ iﬁgieai ?}:{mnca
‘and the family Cardiocaratidae for the Tethyan Realm,

"Therefore, it is necessary 1o estimate how sensitive %

the method and how persistent will be conclusions after
‘discovery of ad

sof most-critical increase in é’i\fﬁzisii} of ammonife spe-
ies from alternative biochores (Fig. 1), The RPC value
epending on the species dive ¥ v changes as (he
‘power function, ic., the raw of changes. gradually
“decreases to reach 4 pia&f:a‘ﬂ Tt-is remnarkable that the
“RPC change is insignificant even by substantial growth
fthe species list. The twofold increase in species num-
ber gives the entargement factor of 1.35 only for the
RPC parameter; Stuch ari increase: of species diversity 15
unreal for in any Alténative biochores, pamc&iarly for
ing tens of species {&.g., T 11
; it would be ﬁﬂrﬁ%@ﬁﬁiﬁe to dis-
fainate | hiszz&chﬁm% Most probable is the species diver-
§ity {:‘»?e{“iif:% ist) increase created by species:
origin.or from a nei gh’?;;ermfr biochore, Inthis.cx
rate of RPC changes is substantially lower, u»ng.ii ecting
the: results. Thus, the available data on diversity of
ammonites in the Callovian and Oxfordian sediments
should be considered &8 representative and sufficient
rsolving the posed problems.

Europe), Otherwise

RESULTS

RPC changes inspace. The distribution of RPC val-
. over the territory of northwestern Eurasia can be

tive paleotsotherms (RPD), which- illustrate zonal and
gional aspects of the thermal régime evolution in the
Allovian-Oxfordian seas (Figs. w’?}

i sublatitudinal iseline wends, In maps of present-
adnev and Muromtsev, 1953). The bend orientation

rrents, respectively, in the Northern Hemisphere.
herefore, despite theirrelative character and hypothet-

relation with paleotemperature isolings, the observ-
e RPI bends are mterpreted here as hypothetical
arkers of paleocurrents.

The reconsiructed paleocurtents characterize the
eral circulation systerm in basias of porthwestern
;ﬁraiia and its evolution éariﬁg the Callovian-Oxford-

‘Eﬁ‘ig 1:3&:}%}1 i%}@ g@i{i gmé warm {Zi}fﬁ”ﬁ%"i{& '?‘%(} e@ld -

i aik}‘sf n:aﬂd Oxf{:}p-

ional ammonite taxa, especially
poerly: studied areas, I tested the issues using the cases

g}i@&em@d in a form of palestemperature charts of rela-.

The azonal fregional} distribution of RPC valuesis
detectable in isoline charts from bends ol latitudinal

y water temperatures, such bends outline the currents.

uthward and nosthward characterizes cold and warm
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Fig. L Changes of relative g}s}k{}wm;ﬁ{ﬁ“’i?ﬂ% coetficipnts
{RPC) as depending on fifiérease in anino-
nite Assemblage Trom alu m&tiw miachores (explanation in
the fexik

rents are distiguishable to the west and east off the
Scandinavian massif, The eastern current peneirates
inte the Central Rudsian sea via the Pechora seaway.
Previously (Kiselev, 1998}, I regarded it as an effluent
herly parts of the Boreal basin, In the Pechiora
bagin or Middle Volga region, this current bifurcates
into western and edstern branches: the Duieper and
Caspian seaways, respectively. The Dnieper cold cur-
rent probably reached, via the Orekhovskit strait, the
Crimean Tethys (the term of Sazonova and Sazohioy,
1967y, where 1t likely bifurcated again. According o
mentioned guthors, the Orekhovskn strair did not exist
in the Callovian, although a %;gﬁ;ﬁﬁ&ﬁt percentage of
the Crimean ammonite assemblage and

Boreal forms
related RPI bend lead to an opposite conclusion. The
eastern branch in the Caspian region probably flowed to
Central Agia (Pamir Province, after Amanniyazov,
1971,

Another cold current bypassing the Scandinavian
massif on the north was likely an effluent stream as
well. In the north, it approached Greenland and then
deviated eastward penetrating into Europe between
England and Norway. Its f&;rway crossed southern Geér-
many; where boreal species are particularly abundant,
and then continued to the Tethys. Both cold currents
served prsb&biy #s maifi migration paths for boreal
ammonites, This assumption is.consistent with conclu-
sions of Thierry (1976) who defined two migration
paths for boreal ammonites in the Callovian.

Opposite noithward-oriented bends of isolines out:
fine warm curfents in the Buropean and Central Russian
seas. The European warm culrent i}@géﬁ in the Tethys
amﬁi §ﬁ€§33§§‘%‘ ﬁewgaci to ihg ?(ﬁi%?i sea, bwnrr pmbﬁbiv

aiﬁy éev;a%e be{’:a&%e of i%;e Scaﬁéumvmn massif
washed the latter on the South and flowed via the
?m;syai strait to the Dnieper basin of the Centrdl Rus-
sian sex From the latter, the warm current followed
along the Scandinavian massif up to the Pechora sea-
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Fig 2, Relative palecisotherms (RPI), the early Callovian of northwesiern Eurasia (processed data are from Sazonova and Sazonov,
1967, Thierey. 1976, 1982 Cariou et ql., 1985; Dommergues e1 o, 19874, 1987h; Ziegler, 1990; Stampli er ol 1998). Geomor-
phological features: (EN) BEngland-Normandy land; (An) Ardennes massit (B$) England-Scotland land, (V5) Voronezh-Stavraipol
L (G} Greenland, (13 Toerian massif; (Os) Orekbovskii strait; (Pr) Pripyat stait; (D) Dnieper basing (NC) North Caspian basin;
{Peh) Pechora basing (8) Sudeten massif; (S¢) Scandinavian massif; (L) Ukrainian massif, b this and other chars, isolines are plot-
ted ry the Natural Meighbor triangulation method using the program Surfer 7. Dotted isoline 2.0 approsimately corresponds 0 the
thermial boundary belween Tropical and subfropical water masses (see fext): thick isoline 2.2 approximates the thermal distribution
benbndhary of the present-day of hermalypic corals foxplanation in 18x0).

way. This mnference is suppotted by numerous finds of
Buropean faunal elements in the Dnieper basin, which
ymplics the unidirectional migration via the Pripvat sea-
way already in the Callovian (Yanin, 1998, 1999). The
warm current could be a deeisive mmgratory factor.

in the middle Callovian, the RPI shift is oriented
northward m all basins. This is indicative of substantial
water warnning in the entire region, which promoted the
northward mugration of thermophilic marine biota, the
ammonttes and other groups of marine invertebrates
meluded (Yamn, 1998). The general circulation sysiem
was presumably the same asin the early Callovian, con-
sisting of two cold efffuent currents, the 5-N trending
Buropean warm current, and the Drieper warm coun-
tercurrent, the onentation and disposition of which
remamed unchanged (Figs. 3, 8). Simultaneously the
system mciuded some new clements. For example,
there are several west-onented KPP bendsin the Tethys,
which probably outline a latitudinal current that encir-
cled the planet along the eguator carrving waters west-
ward (Hallam, 1978); Enay, 1980; Westermann, 1981).
Its present day analogue, the north equatorial (trade-
wind) current, is located 5 to 10° {in equinox periods)

STRATICRAPHY AND GEOLOGICAL CORRELATION

northward of the equator (Ledaev and Muronsey,
1953}, Judging from the RPI bends, the presumnable
current turned northward at the latitude of Romania o
meet the Uksainian land, where it bifurcated info. the
ma
the other one that flowed along eastern coast of the
Ukrarman land to meet the cold current from the Cen-
tral Russian sea.

in the Tethys, there is distinguishable a presumable
trace of another east-oriented warm current. According
to-the RPI bends, it passed between the Spanish (The-
rian} archipelago and North Africa almost paratlel 1o
the above-mentioned equatorial current. The assumed
current could reach Tethvs via 4 long narrow strait (His-
panic Corridor, after Westermann, 1984, 1993) from the
Caribbean basin, where there could (and most likely
was} its own circulation svstem connected with addi-
tional water sources and specific discharge ways.
Therefore, it could be an effluent stream from the Car-
ibbean basin, Topologically, the current in guestion
resembled the Gulf Stream, although it was not obliga-
tory the genetic predecessor of the latter. The Gulf
Stream s fed by autenomous trade-wind currents,
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being a warm current of the oceanic type, whilke the His-
panic’ Corridor, the early prototype of the Atlantic
ceant (“epicontinental Proto-Atlantie” after Thierry,
82} was net an ocean in hydrological terms. The cor-
vidot was Hoored in the Callovian mainly by the conti-
rental crust (Westermani, 1981, 1993). Most hikely, the
proto-Caribbean Sed représerited 4 large evaporation
basin, as 1t follows from abandance of evaporites in that
fegion (Hallam, 1978). The basin contained very warm
hypersaline and heavy walers flowing fo the Tethys via
the Hispanic Corridon. There are grounds to believe that

stemn of Tethyan currents was of o similar type |
Hhovian as well (thisis evident from the sim-

osition of non-Tethyan currents), although it is
possib.

i

ipussible to test this assumption because of incom-
ete data on early Callovian ammonite assemblages of
the Tethys.

In the middle Callovian, the eirculation system of
the Central Rissian sea swas slightly more intricate than
that of the early Callovian time. The Boreal effluem
curtent did not reach anymose the Tethys via the
rimea (Orekhovskil strait became closed, Sazonova

STRATIGRAPHY AND GEOLOGICAL CORRELATION Vol 1Z

¥ig. 3. Relative paleoisotherms (BPD, the middle Callovian of northwestern Eurasia,

the Scandinavian massif, where the convergence zone.
of warm and cold waters could be formed. T this ared,
the. cold current sharply curved around the Voronezh
palecland and then Aowed into the Tethys via the North
Caspian basin. In the Tethys, the Central Russian cold
current tumed westward and met the warm Tethyan
current.

 In the Late Callovian, isolines in the northern part of
the region are displaced southward to the latitude of
England (1o the RP12.95 in Fig. 4), while southerly iso-
therms. remain in the same position as before. Thig

change might reflect cooling northward of the

England-Seotland massif. The total eirculation system
remained approximately unchanged, and all main cur-

rents occupied the same position (Fig. 8). Small trans-
formations are as follows. (1) West Tethvan current
penetrated the morthern part of the European sea (north

of the Ardennes massif) beginning from Germany, not
from the Polish sea.

a. It eannot be raled out that this cur-
rent behaved similarly in the early Callovian as well,

although this 15 not reflected in isotherms. (2) The west-

ern branch of Boreal current in the Central Russian sea
entered the Diiieper strait, followed slightly southward
parallel to the warm current, and then flowed to the

‘Buropean basin via the Pripyat suait. These currents

probably flowed at different depths. (3) Judging from

No. 4 2004
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Fig. 4. Relative palecisotherms (RPD, the late Callovian of northwestern Eurasia.

isotherms, the Central Russian convergence zone disap-
peared.

- In the early Oxfordian, the presamable configura-
tion of warrh and cold cirents did tiot ¢hange in den-
eral (Figs. 3, 8). In distinction from the middle Callov-
ian epoch, the west effivent current of Boreal origin
crossed Normandy, not Germany, and should pass west
of the British Islands, although this is not reflected in
wsotherms. Simultaneousty, the western Tethyan current
avoided the Polish sea and flowed toward the England-—
Normandy massif. There, the warm and cold currents
joined to form the convergence zome that Is outlined in
wmothetms. The Central Russian séa received a lésser
quantity of Huropéan watefs than in the late Callovian
-epoch, being dominated by Boreal fauna that migrated
via eold effiuent currents.

In the middle Oxfordian, the system of deteciable
gurrents was the same in general as before (Figs. 6, B).
‘On global scale, the RPI contours are slightly displaced
northward almost everywhere that may be indicative of
warming in the entire region. Thts probably was a.con-
séquende of infénsified Tethyan ¢currents, sinceé the
northward-oriented RPE bends became more convex,
particylarty in the Central Ry

I the late Oxfordian chart, isotherms are sharply
displaced southward (Fig. 7}, and a new BPI set corre-
spomding to low RPC values appeared. This is particu-

STRATIGRAPHY AND CGEOLOGICAL CORRELATION Wel. 12

partly southward. As a result, a circular warm current

larly well noticeable in areas northward of England an

Normandy, like in the late Callovian. This shift liket
reflects cooling and ingression of Boreal waters that
was of a much higher amplitude than in previous:
epochs. The ingression was particularly significant in®
the Central Russian sea that was entirely occupied by

Boreal waters (see RPI marked by low values incharts)

 The general circulation system in the northwester
FHurasian seas retained its principal features, althong
some details changed (Fig. 8}, The Cernitral Russian se:

was probably beyond the inflience of warm Tethyan
curreiits, which was characteristic of the middle Oxfor

fied 'was responsible for cooling in the entire Centra
Russian sea, the Dandeper basin and adjucent Tethyan

areas (Mangyshlak, Kopetdag) included. The Dnieps
basin was agaio influenced by the Boreal current at the
time of the Orekhovskii strait wide opening (Sazonov
and Sazonova, 1967}, In the nmorthern part of the
Dmnieper seaway, there was aconvergence zone of warm
and cold waters resembling that of the middle Callov

tan time. However, boreal waters more intensely
invaded the Dnieper seaway west of the Voronezh lan

{(Ryazan region), from where they flowed 1o the
Orekhovskit strait. The Dnieper warm carrent moving
northward met the Boreal conntercurrent and deviated

Moo 4 2604
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originated m the internal part of Central Russian sea
during the fate Oxfordian, Iike in the middle Callovian,
Its influence is confirmed by finds of scleractinian cor-

als in the axial part of “warm” isetherm bends (Fig. 10).

The cold current Aowing ot of the Orekhovskii
ait inet.a powerful Wardi et fioiv the Tethys in
e chart aréa marked by blunt bends of “warm?” iso-
erms and by wedging-in “cold” isotherms. Simulta-
neously, the higher density of isotherms isandicative of
convergence zone it that area.

© The RPI zoning is distinet inall the charts displaying
the regular decrease of RPC values from the south
sorthward, This s 2 mantfestation of the water coching
wend toward higher latitudes. According to widely
seeepted views, the Jurassic latitudes differed from the
odern. ones. The equator was logated at that time
sproximately 30° northward of s present-day posi-
] ssed the southern Mediterranean basin
cell, 1956; Bowen, 1969; Thierry, 1976; Caniou
al., 198%; Dommergues ¢f al., 1987; Stampthi ez a/.,
998; and others). This is substanuated by absotute and
ative paleotémperaturs dats that characterize equato-
al waler masses.

bl

The arrtial tefnperature variations répresent an
mpottant characteristic ‘of water masses. The ampli-
de of iemperature fluciuations.can also characterize
¢ substantially longer time infervals, if positions. of
sntinents refative 1o the equator changed insignifi-
antly. Morgover, they characterizes also the thermal

ing-of a given water mass, as it is shown in previous
elev, 1998); Variations of the RPC values
rriod (Fig. 9)

STRATIORAPHY AND GEOLOGICAL CORKELATION Vol 12

Fig, 5. Relative paleoisothernis:(RPI), the early Oxfordian of northwesiern Eutasfa.

show the regular dependence of their amplitude on the:
latitude, though with some regional deviations. In the
southernmost part of the tegion under consideration

corresponding to the northern Tethys, the RPC vana-

tions are almost negligible, The lowest temperature
fluctuations in modem oceans are characteristic mainly
of rropical water masses, where they are as low as 1 to
3°C (Zhizhchenko, 1974), corresponding to 3-12% of
average annual variations. Almost 4l over the regioo

under consideration, the RPI vartarions do not exceed

10%, and water basins weré situated therefore in tropi-
cal zone, the northern boundary of which was probably
tocated slghtly notthward of the Scandinavian massif,
although s position wndoubtedly migrated concur-
rently with changes in hydrological regime.

As was noled, the absolute palectemperatures are
ealculated Tor a limited mumber of geographic sites and
stratigraphic levels. In'spch a situation, it 1s impossible
1o reconstruct an adequate evolution of thermual regime
in the basins. Nevertheless, extrapolating the absolute
data to the relative ones we can, though with reserva-
tionss, to draw abselute isotherms through different-size
ared based on calculated relative values, The calculated
paleotemperatares -of the late Oxfordian are published
for eastern Gregénland, Franes, and Switzerland
{Bowen, 1969; Padden, in press), Scotland (Tan eral.,
1970), Spitsbergen (Ditchfield, 1997); and European
Russia (Riboulleaw ¢t al., 1998). Being compared with
the hate Oxfordian RPI chari, they elnéidate some
aspects of the generalized model discussed above, With.
due regard for discrepancy between data obtained by
different methods of pateothermometry and for doubt=

Mo, 4
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Fig. & Reconsirucied circulation systerns in Callovian-Ox fordian seas of northwesiers Earasia) solid and dotted arrows connecting
neaks of R¥Y bends show presumable ditections of cold and warm currents. Becaose of deficient information on some areas and
wide saimpoigtions, the srrow fines locally oross the tand Blocks unlike the real currents: {13 earty Callovian: (2) middle Callovian:
{3 tate Callovian; (4) early Orefordian; {5 middie Oxfordian; (6 late Oxfordian,

only a chan for the late Oxfordian (Fig. 10). The chart
is based on the absolute palectemperature analogues
(APAYextrapolated to RPC values of the late Oxfordian
a8 15 shown m Table 2.

If thiss extrapolanon s Corect and we consider the
entire system of the Callovian-Oxfordian basins, the
maximal temperatures about 26°C were characteristc

i that systern of the southern part of the Mediferranean
Tethys (the present-day Egypt area). This indicated
value is close 1o the present-day average annual water
temperature near the equator. The minimal APA values
(19.6°C)y comparable with the temperature of warm
subtropical waters would be then in the eastern Green-
land drea. According to accepted classification, the

Table 2. Euwapolated absclute paleptemperature aplogues for the late Oxfordian

RTC 1860 204 2220 24 758 2961 294 312 33 348 | 366 384
e 19.2 198 | 205 | 202 | 219 | 225 | 232 | 239 | 245 | 252 | 258 | 265
STRATIGRAPHY AND GEOLOGICAL CORRELATION Vol 12 No. 4 2004
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Fig, & Amplitades of RPC variations values in northwestern Burasia doring the Callovian-Crfasdian geriod shown as mesn square
deviztions in peveents {numerals attached 1o comours) Trom the average RPC value,

boundary between tropical and  subiropical water
masses corresponds fo the isotherm 20°C (Zhizh-
chenko, 1974). In our case, this isotherim corresponds to
the RPI value of 2.04. The varisble southernmost posi-
tion of this sotherm during the early and late Callovian
and'in the late Oxfordian is shown in presented charts
(Filgs. 2Ty, As one can see in figures, the greater part of
northwestern Eurasia was under influence of tropical
water masses during the above periods. The southern-
most areas of the Boreal basin {the eastery Greenland
and Pechora seal were beyond that influence. The inier-
nal part of the Central Russian sea appeared to be north-
‘ward the isotherin in question only inthe late Oxfordian
(Fig. 117, These inferences are consistent with absolute
paleotemperattes estimated for the early-—-middle Call-
ovian of England (based on ammeonites only, Anderson
etal, 1994), being in disagreement with the data on the
late Callovian-early OUsfordian basins of northwestem
Farope, Greenland, Buropean (Riboelleau 1 of, 199%)
and Central Russia (Barskov and Kiyashko, 20000, In
twer fast works, the isotopic paleotemperature values
are- substantially lower, equal {o 8-17 8%C {frst work,
fig. 2y or 1o 6-12.5°C (last work, fig. 1 It is difficult to
comment this discrepancy because of the well-known
ambigutty of isotopic paleothermometry methods. For
example, Gruseezynski (1998) repudiates the pale-
ofemperatare significance for changes in geochemical
parameters; if there is a positive correlation between
variations in 80 and 3°C values. He interprets data of
racdrocarbon analysis as indicative only of water strati-

STRATIGRAPHY AND GEOLOGICAL CORRELATION Yol 12

fication degree (and anoxic/oxygenated state of bottom
sediments) in palechasins. In most publications, the
mentoned mchisive, the positive correlation between
secular variations of 80 and §°C parameters is actu-
ally observable, In work by Anderson er ol {1994, a
significant scatter of Isotopic paleotermperature values
is npted only for faxonomic groups dwelling at differ-
eni depth levels. The highest paleotemperatures are
characteristic. of ammonites that populated the upper
water layer of sea basins {15-30°C with the normal dis-
ribytion gptimum close o Z0-23°C) For Callovian
belemnites, this value 18 11-19°C with the optimurn
approaching 13-17°C, The discrepancy is explained in:
the woik by a much deeper habitat zone of belemnites
Fhis factor s alse a good explanation to the discrep-
ancy mentiened higher, because palectemperature
determinations in most works are based on belemnites,

Two kinds of paleotemperature parameters, the
absolute and relative, reflect approximately the same
situation (types of water masses, their boundaries and
distribution) for the entire system of sea paleobasins in
northwestern Evrasia. This suggests that they reflect
some real trends. The outlined sitwation can be argued
for by additional data on distribution of various temper-
ature indicators, e.g.. of hermatypic corals. In the late
Oxfordian, scleractinian corals migrated far northward
up o the Pomor'e region and Scotland (Fig, 100, In the
last ayea, they formed massive, althouph small bio.
hermes and biostromes (Keasaov, 1987, Plotting the
localities of coral butldups on the RPI chart, one can see

Koo 4 204
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a1eimarkable fact: all the morthersiinoest finds of her-

m&%y;;:c scleractintan cordls are located near the rela-
tive ?@Q@ié?ﬁ?&?&tﬁ?& i%‘iins 22 whmh wrreayon{ig
;};_'as;gnifday é.‘;s_%mhﬁ%mﬁ {:é“ res_f buﬂ{in}.g..aﬁmfs, %/Iorfiv-
over, almost all the buildups are located south of this
isotherm, being distributed conformably fo the entire
:i%’ii'ﬁ'e system: '*Y?&,i% Ex‘ a z’:ii’%%éﬁci' 'i'né'ic&ti@n"sf i:he ther-

§§s "Fhe eb%erw@ iﬁsaﬁdary Qf herma%:ygna: Seieramm&
‘species seemy to be real, ‘because northward of the
boundary, Subboreal coral assemblages are impover-
ished in taxonomy and ecologic aspects; In the north-
‘erninost loealities (the RPI 2.7 approximartely corre-
sponding to the isotherm 22°C) of Seotland, the Pripyat
trough, and Donets basin, corals:form small biokerms,
cnot reefal buildups,. that is typical of suppressed corral
‘communities. North of the isoliné 2.22 {Moscow
-region, Unzha locality), there are known sporadic finds
“of eorals, mat

ov, 1955): Suppressed assemblages of
ﬁ{}ﬁ»hﬁfiﬁ&i}f@ ccorals are discovered also in Torkmen-
ss%aﬁ (Ki’d%ﬁ%‘} §§§83 Amaﬁﬁ;aya?gw 1971 arthe lan-
“building corals. It can
“be &ssameéf Ehat t‘m% i‘é“i(}f‘iél é,ﬁi ance southward of the

suppressed ol agxembi&g&‘s iscaused by mnfluence of
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st mﬁsan and $oure éﬂfé&s of Tossils: (B B{mfﬁrﬁ 1960 l:ﬁi‘i.(i.ﬂ ;%ﬂii "E‘v}iiin L&EA
; sonthern Swirzerand, Montsalvensy; () Ribonlieau eraf, 1998 (Eoropesn Russia, Makacevy, (1) Tan

v of minute solitary but:not hermatypic.
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a cold current. It is clear that considered data on distry-
bution of corals cannot be taken for the undisputable
argument in favor of the suggested model, because radi-

ation. of hermatypic scleractimtan corals 18 also con-

rolled by other factors in addition to the temperature
{Leinfelder, 1993). The causes responsible for expan-
sion of corals in the late Oxfordian are complex, requir-

fmg special analysis. Nevertheless, the outlined zoning
n

istribution of hermatypic corals suggests a signifi-
cant lemperature influence on this biotic group.

Secular RPC changes: During the Callovian amd.
Oxfordian ages, secular changes of RPC values are
quite regutar, frequently rhythmical in most areas of 54
considered above {Figs. 11, 12). In the middle Callov-
tan, the RPC values became elevated nearly in all the
5 and attained their peak level in some of them. In
Suhbor%ﬁ {ﬁurﬁp@an basin and Central Russian seéd)
_ﬁf‘;if Arctic regions, atrend of gradual or stepwise RPC
decrease fﬁ}m the rntﬁiiie Caﬁ%isvaaﬁ 1o f;i‘;f:t hﬁaﬁ Oxforé—

ture _‘f_ﬁ:ﬁmm;;_m &E thﬁ C&ii{)v;aﬁ—{}xferdmﬂ bcmnda;:y-
titne s also distinguishable in many areas. In addition.
ta. global regularities; there were characteristic regionat

fluctuations, For exampte, secular RPC variations in the.

Arctic and Tethyan basins were different in principle,
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Fig. 1L Secoler RPC variations in 30 areas of northwestern Eurasiz during the Callovian-Oxiordian (alter Riselev, 1998, Fig. 2,
with addinons and mexdifications), Thick, nedin-thick sed ddn Hres chamacterize variations in the Arciic basin, Duropean argas
and Central Russian seq, respectively: lines with circles characterize Tethvan areas,

Oxfordian warming in the Crimean—Cancasian sector
of the Tethys (the porthward advance of Tethyan cur-
rent) was copourrent o cooling in the Ceniral Russian
sea (inensification and bifurcation of Boreal currents)y
More features in common are characteristic of Subbo-
regl regions, although numerous deviations are observ-
able there as well. The highest similarity between sec-
ular variation curves iy characteristic of areas of the
same region. This fact implies that regtonal fluctuations
of thermal regimes in the Callovian and Oxfordian
basins prevailed over global changes, Warming or cool-
ing events incommon Tkely occurred as well, though
periodically, The approximated variation treads exhibit
three peaks in common: the early Callovian maniroum,
middle Callovian maximum, and Callovian-Onxfordian
boundary mintmum (Fig. 12). The correlation coeff-
cients for these events are sufficiently high only for the
Archic basin, and global significance of corresponding
changes in thermal regimes can-be considered only as

STRATIGRAPHY AND GEOLOGICAL CORRELATION Yol 12

conventional. Neveriheless, the mentioned and some
other peaks detectable in general and regional variation
curves are consistent with published data on oxvgen
isotope ratios in carbonates from several Callovian-
Oxfordian sections of northwestern Europe and Amer-
ica. The thermal mininum of the Callovian-Oxfordim
boundary time 18 recorded in England, Poland (Grusze-
zynski, 1998), and Central Russia (Riboulleau e 24,
1908, Barskov and Kiyashke, 20007, The late Oxford-
ian mimmum and middle Oxfordian maximum (partly}
are detected in the Peri-Tethys, western Cuoba, and Cen-
iral Kussia (Riboullean ef of., 1998 Barskov, gpf%?&iﬁ
communication). The coincident rhythms of 80 and
RPC variations seem 1o be not incidental and may be
related 1o real paleotemperatore fluctuations.

PISCHESTON

The considered data on circulation systems in the
Callovian-Oxfordian seas of northwestern Eurasia sug-

Ne 4 2004



THE THERMAL REGIME DYNAMICS IN CALLOVIAN-OXFORDIAN S3EAS

gest that main detectable currents had stable position
-and did not changé in quantity. These were the Euro-
“pean and Central Rusgsian cold effluent éurrénts dnd the

“warry Teéthyan and Dnojeper cuirents. These currentd

“were of approximately the same geographic position
~and direction..

 Charactetistic of the Callovian-Oxfordian time was
“the repeated formation of convergence zones of warm

and cold carrents with presumably: vertical irculation
-and stable location, In the Central Russian sea, the-con-

Ivergence zofe was always located in its internal part, at

the junction site of threée sea arms (tmddle Callovian to
“late Oxfordian). In the Tethys, the convergence zone
was near the southwestern margin of the Ukisinian
“fand, in the présent-day Dniester River avea (garly Call-
-gvian, tiddle Callovian, late Oxfordian). The ‘Eié&d}
“posifion of thesé élements in the circulgtion system
wnphies that they characterize real events, Therefore,
some deviations from the general trends should also be
considered as real. The vahdity of suggested general
model s also evident from wmdirectional changes in
e circulation system of Callovian—Oxfordian seas.
“For example, the Boreal European and warm Tethvan
- carrents steadily migrated westward dﬁring the g}@moé
gg;.ﬁﬁ{ieﬁs considergtion, The cutlined regional I differences
“in the hvdrological regime are consistent with available
“dafa on absolute palectemperanires, which are dis-
-cirssed above.

The siggested. circulation system is rather intricate,

“frequently inconsistent with factors that control the.

shydrological regime. For example, directions of some
Ceurrsnis ﬁh&ﬁgﬁﬁ eonitrary to the Conolis forces. To

g.ij_éxgﬁa;ﬁ ihme ﬁevmﬁams i siﬁéiﬂé remzﬁé tha%: lhe:-

Eii.tem of sm&ii f:;?it@i’i?iﬁﬁﬁﬁ&f seas danzsg the juraaam

The disection of currents was eontrolled i this case by
- the-geadient bétween low and high water levels in the
basin. That gradient depends largely on disposition of
drainage and discharge areas, on ! the latitude and con-
figuration of the é&sim its bottom morphology, and on
location. of river mouths, sspeoially m small basins
{Bowden, 1988). The Cornolis force s a tactor of global

- circudation and affects the-oceanic currents that isapph-

b‘:

e to ihe Laia 5&:”3%3:{: c; niaﬁen system as ‘weﬁ the:

WS W{eﬁiﬂﬁﬂﬁte{i €§iﬁ*§ﬂg the entire Cﬁiiwigﬁnwﬁ?xfordv
, Yike in the present- day oceans. In the western ter-
: mimal part of the Tethys, it met the land and deviated
~ynder the Coriolis force northward to reach Greenland,
“where 1t turned naturally eastward and probably
- eached. Siberia {Tms and Maidin, 1973; Khudolei,
- 1984, 1985, 1988, 1993).

- Itis remarkable that practieally all palestemperature
- chaniges in the considered system of basins were of the
= regional, but not global character thronghout the Call-
ovian-Oxfordian time span. The relative paleotemper-
“-gfure vatiation curves plotted for separate small areas
- (Fig. 12) ate cophiasal only within a single region. The
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&ﬁ§ c{ﬁé aurﬁintsﬁ wiiigh é}fferﬁd in %ﬁﬁ{}ﬂ% b&%iﬁ%
Even the middle Callovian general warming of water
masses was likely of a regional character, and climatic
imterpretation of the data obtained 15 hardly possible.
’Yi}c &ig&wi dm;ﬁiii&iiﬁ& {;f‘ RPC V&Iué: Véﬁgﬁiﬁm% (hﬁ f%}

L&i f&aig}r éiher faciarx ii’ié% are abEe o mﬁﬁ{ti’%{:h
directly the water temperature (solar constant, air tem-
perature, and latitnde) are almost imperceptible in the

constdered: data. There are grounds 1o believe that in

factclimatic changes followed the changes inthe ther-
mal regime of sea basins inguestion. The mutual chag-
acter of thermal changes in the land climate and marine
medium. in the Jurassic is obvious for some regions,
e.Z.. for the Morth Sea (Abbink eral, 2001). Paleocli-
matic curves based on palynolpgical data from the
former Scandingvian land (bidy and entire northwest-
ern Europe (Poulsen, er @/, in pross) romarkably coin-
cide withthe relative yaiw%mpemmm variation carves
based on ammonites from Subboreal and Boreal areas
(Figs. 11, 12).

A similar dynamics of Callovian-Oxfordian trans-

gressions and regressions in the considered system of

seabasins is a probable explanation of more or less gig-
nificant warming and cooling episodes. Indeed, the
transgression peak that occurred in the middle Callov-
1an {Sazonova and Bazonov, 1967; Hallam, 1988, 2001
‘Westermann, 1993) is. correlative with the universal
“warming” inferable from-all palestemperature indica-
tors, The same sitaation is characteristic of the middle

{}xfegéiaﬁ {%bh}ﬁi{ ez g,f 2"3 ﬂm&gczynﬁkt 3‘5}98}
ﬁpfﬁ;{;}n i}f Qru&_z&ym%;_ *E_‘ix%: regression ;;}_@dk‘i of the
Bathonian—Callowtan and Oxfordian-Kinmeridgian
boundary timey were associated with decreasing pale-
ctemperature parameters (Hallam, 1988, 2001; Norris
and Hallam, 19955 that was untypical bowever of the
regression recorded inthe Callovian=Oxfordian bound-
ary interval (Westermann,
Sazonov, 1967). This sktuation can

_____ logically be
éxplained by eudtatic sea-level chaﬁges {iriaq et al.,
E%%} \thh are c)f a ¢ritical amplitede at the cuimmam
tons and regressions.

The g}gﬁﬁ{}*;empef&t&:fﬂmyaiwhydmigg:c& situation
under consideration slightly resembles the present-day
thermal type of oceanic water exchange between-high
and low latitudes, the triggering mechanism.of whichis
governed by sifiking heavy cold waters i polar areas
that form the psychrosphere. This circulation model
was already: referred to by consideration of the laie
Turassic ‘hydrotogical regime inthe Viking Straits ¢ Osh-

mzann; 19873, In the alternative model proposed forthe

Jurassic and Cretaceous peripds, there was. suggested
the other haline miechanism of water exchange (Krassi
Iov, 1985; Miller 1991: Nésov, 1997 and others; Abbink

et @i, 2001}, when the triggenng sinking of warm

STRATIGRAPHY AND GECLOGICAL CORRELATION

1993; Sazonova and

KISELEV

hypersaline waters Took place in low latitudes (S-down-
welling after Nesov). Despite the prevalence of epicon-
tingntal seas in northwesterd Eurasid of the Callovian—
Oxfordian period, the region was acking large evapo-
ration basins necessary for launching e haline water

circulation. It eannot be ruled out however that circula-

tion i the basins wnder consideration was of the inter
mediate type, ‘combining elements of both the haline:
and thermal water exchange.

Reviewers M. A. Zhatkov and N. M. Chumakey
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