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Infrazonal Ammonite Scale for the Upper Bathonian-Lower
Callovian of Central Russia
D. B. Gulyaev
Mosco\c, State Urril.ersi!\: Vorob'e~:\.gorx Moscow. 119899 Rrrssia
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Abstract-The regional infrazonal scale for the upper Bathonian-lower Callovian is elaborated on the basis of
successive ammonite assenihlages in some Middle lurassic sections of Central Russia. Four zones and 1.7 biohorizons. most of which are well correlative to the standard West European units. are distinguished i n the studied stratigraphic interval. The Irrjnrrrnr Zone including the C. irrjrrrrrrrr and C. cf.laSf. irr$rrrrrrir hiohorizons is the
lower~nostunit of the scale. According to its stratigraphic position helow the Elotrrroe Zone. the above unit
approximately corresponds to the Discrrs Zone and probably the upper pan of the Olbis Zone of the standard
upper Bathonian scale. The succeeding Elatrirae Zone is subdivided into the M . jacrlrroti, C . elotrtioe,
C. t . ~ c l r e n i y s ~ h eC,
~ ..TIII.PII.T~.Y.
i.
C. ~ ~ ~ I > / x ~ t rand
r r r ~CII.
s . sarnto~vrrsi.~
biohorizons. Due to some correlative stratigraphic levels. this zone is considered to be analogous to the basal Callovian Her-reyi Zone of the standard scale.
The Koeriigi Zone including the K. derrsicostotrrs, K. cur-tilobrrs. and K. tr-icl~oplronrshiohorizons is an equivalent of the synonymous zone of the standard scale. The lower Callovian succession is completed by the Collotierise Zone comprising the S. collo~~ierrse
and S. erroclntrrrrr hiohorizons. It is also analogous to the synonynious
standard zone.
Key words: upper Bathonian. lower Callovian. ammonites. hiohorizons. stratigaphy, Central Russia.

sia in order to elaborate a refined stratigraphic scale,
which could be useful for thorough phylogenic, paleoecological, and paleogeographic investigations.
The study material was obtained during the field
works in 199 1-1 998. The collection of fossils is stored
in the Chair of Paleontology of the Moscow State University.

The terminal Bathonian-initial Callovian time of
the Earth history is marked by an extensive sea transgression in the Northern hemisphere. As a result, the
Russian platform turned into the East European sea
basin, the central part of which could be termed the
Central Russia sea. Being connected with the Arctic
(boreal) and Tethyan (tropical) sea basins, the sea was
favorable for migration of faunas of different biogeographic genesis. For this reason, sedinlents and fossils
of the Central Russia sea are extremely important
objects of stratigraphic and paleontological studies. On
the one hand, they make it possible to correlate stntigraphic schemes for different regions. On the other
hand, they represent perfect material to study evolution
of biotas with heterogeneous components.

DESCRIPTION OF SECTIONS
The upper Bathonian-lower Callovian stratigraphy
and ammonites of Central Russia were studied in the
following sites of the Nizhni Novgorod, Kostroma,
Ryazan. Moscow, and Yaroslavl areas (Fig. I): ( I ) the
Prosek-Isady section (the Nizhnii Novgorod area, a
quarry in the northwestern outskirts of the Prosek Village and a series of outcrops at the right bank of Volga
between the Prosek and Isady villages); (2) the
Uzhovka section (the Nizhni Novgorod area, a quarry
in the northwestern outskirts of the Uzhovka Settlement); (3) the Akatovo section (the Kostroma area, an
outcrop at the right bank of the Unzha River, 1 km
downstream from the Akatovo Village); (4) the
Pezhenga section (the Kostroma area, an outcrop at the
left bank of the Unzha River downstream from the
Pezhenga River mouth); (5) the Manturovo-Znamenka
section (the Kostroma area, the outcrops at the right
bank of the Unzha River near the town'of ~ a n t u r o v o
and Znamenka Village); (6) the Ivkino section (the
Kostroma area. an outcrop at the right bank of the

In spite of extensive list of publications on the Middle Jurassic of the Russian platform. which appeared
since the last century, the investigation level of Bathonian-Callovian deposits in Central Russia is still lower
than that in many other regions. Distribution and taxonomic composition of some stratigraphically important
groups of arnrnonites remain here disputable or unclear.
Until the recent time, the boreal Bathonian marine
deposits have not been known to occur in this region
and special investigations have not been carried out
(Gulyaev and Kiselev, 1999; Gulyaev, 1999).
Accordingly, the main purpose of this work is to
define vertical ranges and evolutionary links of the late
Bathonian-early Callovian ammonites of Central Rush5
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Fig. 1. Location of the studied upper Bathonian-lower Callovian sections in Central Russia: I . Prosek-lsady: 2.
Uzhovka: 3. Akatovo: 4. Pezhenga: S. Manturovo-Znamenka: 6. Ivkino: 7. Cheremukha: 8. Alpat'evo: 9. Nikitino.

Unzha River between the Ivkino and Samylovo villages); (7) the Cheremukha section (the Yaroslavl area,
an outcrop at the right bank of the Cheremukha River
near the Dmitrievka Village); (8) the Alpat'evo section
(the Moscow area, a series of outcrops at the right bank of
the Oka River near the Alpat'evo Settlement); and (9) the
Nikitino section (the Ryazan area, an outcrop at the right
bank of the Oka River near the Nikitino Village).
The Prosek-Isady, Uzhovka, Pezhenga and
Alpat'evo sections, which are most rich in fossils and
best studied, are described below.
The Prosek-lsridy Section (Fig. 2 )
In the quarry located in northwestern outskirts of the
Prosek Village (except for Bed 1 ) and in a series of outcrops at the right bank of the Volga River between the
Prosek and Isady villages, the following beds rest on
the uneven surface of sandstones and clays of the Tatarian Stage of the Permian System:
( I ) Yellowish gray and gray fine-grained silty micaceous sandstones, which are highly clayey at the base;
the sandstones are intercalated with discontinuous
interbeds and lenticular bodies of gray clayey sand.
Locally they include small clayey pebbles, rare pyrite
concretions, and small wood fragments. Approximately
2.5-3.5 m below the bed top, there occur rare ball-like
concretions of carbonate sandstone up to 0.7 m in
diameter. The ammonite assemblage a1 is discovered
from the interval of 1 .S-4.5 m below the top and from
concretions, and the assemblage a2 characterizes the
interval of 0-1 m (Fig. 2). The bed thickness is 8-10 m.
(2) Dark gray micaceous massive clay; the lower
sandy part of the bed includes lenticular basal interbeds
of highly sandy clay, clayey sand, and silt up to I m
thick. The bed is separated from the preceding one by
finely alternating and plicated laminae of clay and sand
about 5 cm thick. The bed contains scattered pyrite concretions, crystalline gypsum aggregates, and rare fragments of pyritized wood. Flattened septaria of compact

gray mar1 up to I m in diameter occur approximately 58 m below the top. and rare small marl concretions are
found also at the top of the bed. The ammonite assemblage a3 is confined to the interval of 0-1.4 m above the
base: the assemblage a4 is predo~ninantlyconcentrated
in the middle and upper thirds of the bed, the enclosed
concretions included; and asseniblages a5 and afi are
characteristic of the uppermost part of the bed and of
the enclosed concretions (Fig. 2). The bed thickness is
12-15 m.
(3) Greenish gray medium-grained sand locally
with coalified plant remains; the bed has uneven contact with the preceding one. The bed thickness is 0.4 m.
(4) Yellow and yellowish brown clay silts and siltstones with interbeds and separate concretions of
brownish gray oolitic marl; the ammonite assemblages
a7 and a8 are confined to the lower half of the bed
(Fig. 2). Above there are rare ammonites of the assemblage a9 (Fig. 2). The assemblage a10 is found near the
bed top (Fig. 2). The bed thickness is 0.2-0.7 m.
These beds are overlain by gray carbonate clays of
the Oxfordian(?)-Kimmeridgian age.

The U:ovk~rSrctiorl ( F i g . 3 )
The quarry in northwestern outskirts of the Uzhovka
Settlement exhibits the following beds:
( I ) Light gray and white micaceous cross-bedded
sand with thin (up to 1-4 cm) lenticular interbeds of
gray sandy clay; apparent thickness of the bed is LIPto
3 m.
(2) Dark gray micaceous, massive clay slightly
sandy in the basal and middle parts of the bed; pyrite
concretions, fragments of pyritized wood, and rare concretions of gray mar1 are scattered in the bed that
yielded successive ammonite assemblages b l , b2, b3,
and b4 (Fig. 3). The bed thickness is 8-10 m.
(3) Dark gray and brownish gray silt, which
becomes sandy downward being locally oolitic; the bed
has uneven contact with the previous one. The basal
thin interbed of shell detritus contains the ammonite
assemblage b5a (Fig. 2). In the top portion, concretions
of gray oolitic marl bear the ammonite asseniblage b5b
(Fig. 3). The bed thickness is 0.2-0.4 m.
Above there are condensed silts and niarls enclosing
the diverse fossils the middle Callovian Jclsorl and Carortatit~i~
zones.
The Pe:hengci Sectiorl (Fig. 4 )
The outcrop at the left bank of the Unzha River
downstream from the Pezhenga River mouth exhibits
the following bed sequence:
( I ) Light gray and white, locally fen-uginous and
slightly micaceous loose sand that is intercalated with
thin (up to 1 cm) lenticular clay interbeds; the bed contains rare fragments of coalified wood. Apparent thickness is 1.3 m.
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Fig. 2. The composite Jurassic section at the Prosek-lsady site and levels of distinguished ammonite assemblages (hiohorirons): ( a l )
C. ir!firrrlrrrz: (a2) C. cf./aff. ir~jirrrrrrrr:(a3) M. jocqltoti: (a41 C. elntrrroe: (as)C. s~rrrrtsis:(a6) C. srrl~l~ntr-rrrrs:
(a7) K. derrsic-ostntus:
(a8) K. crrr.tilobrrs: (a9) K. trichol~lror7rs:(a101S. c-ollo~~ienw
(index species of the hiohorizons are indicated hy asterisks). Litholopy:
(I) silt and siltstone: (2) sand: (3) sandstone: (4)clay: ( 5 )concretions: (6)stratigraphic hiatus.

(2) Dark gray, locally alniost black. slightly micaceous,
compact and occasionally fenuginous sand with fragnlents
of carbonaceous wood; the bed thickness is 0.3 m.
(3) Light gray loose sand; the bed thickness iso. 15 m.

(4) Dark gray micaceous and clayey condensed sand
enclosing codified wood and a hol-izon of flattened
concretions of black phosphoritized sandstone; concreSTRATIGRAPHY AN11 GEOLOCIC.I\L COKIIELATION

tions bear rare ammonites representing the assemblage
c l (Fig. 4). The bed thickness is 0.12 m.
(5) Light
-pray
- micaceous sand grading into light
brown compact sandstone with codified wood frigments: the bed thickness is 0.6
(6) Gray micaceous and clayey, locally ferruginous
compact sand with clay interbeds; the bed thickness is
0.5 m.
Vol. 9
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Fig.3.The coniposite Jurassic section at the Uzhovka site and distinguished animonite assemhiages (hiohorirons): ( h l )C. ~ltr~~rrrre:
(h2) C. s~trprlsis:(b3) C. slrl~l~ntrurlrs:
(b4) Clt. snmto~.errsis:tb5) K clertsicnstcrt~ts(other sytilhols as i r i Fig. 2).

Fig.4.The Jurassic section at the left hank of the Un7ha Ki\er. dou.nstrearn from the Pe7heriga mottth. and distinpuisheil ;~nimonite
assetnblapes (hiohorizons): ( c l ) C. elcrtrrrclr: (c2) C. sp. no!.. (all: rr/ic~rtrrrrr).hypothetical lewl: ( c 3 )C. t . c c - / r c . ~ ~ ~ r ~ : r c(other
~ l r r ~ ~sytni~i
bols as in Fig. 2).

(7) Light gray and loose micaceous, locally ferruginous sand; the bed thickness is 1.2 m.

(8) Sand analogous to that of Bed 6; the bed thickness is 0. 7m.
(9) Sand analogous to that of Bed 7: in the intervals
of 10-20 cm above the bed base and 10-50 cm below
the top, there are lenticular interbeds of gray sandy clay
0.5-10 cm thick. The interbeds contain flat septaria of
black phosphoritized mudstone. The bed yielded the
ammonite assemblage c3 (Fig. 4). The ammonite
assemblage c2 may characterize the basal part of the

bed (Fig. 4). However, it is difficult to define the precise
location of the last asseniblage that is recovered from a
concretion found in the talus. The bed thickness is 1 .G m.
Above, there is bed of black micaceous clay varying
in thickness. It contains crushed shells of Cardioceratidae supposed to be Oxfordian i n

Tlte All>tit'e,qoSectior~( F i g . 5 )
The series of outcrops at the right bank of the Oka
River exhibits the following beds:
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Fig. 5. The lower Callovian section at the right bank of the Oka River near the Alpat'evo Settlement and distinguished ammonite
assemhlages (biohorizons):(dl)K. c~olilobus:(d2)S. crrllo~.ierise:td3)S. eriodnrlc~iz(other symbols as in Fig. 2 ) .

( I ) Reddish micaceous, fine- to medium-grained
sand; apparent thickness is up to I m.
(2) Dark gray fine- to medium-grained sand intercalated with light gray sand lenses in the upper part; the
bed thickness is 2 m.
(3) Brownish gray cross-bedded, medium- to
coarse-grained sand with light gray clay interbeds; the
bed thickness is l . 1 m.
(4) Greenish brown coarse-grained. loose sandstone
locally grading into gravelstone; the sandstone includes
basal thin interbeds of light clay. The bed thickness is
0.6 m.
( 5 ) Sandstone intercalated with brown highly ferruginous niudstone; the ammonite assemblage d l is
confined predominantly to the upper part of the bed
(Fig. S). The bed thickness is 0.5 m.
(6) Brown ferruginous sandstone alternatin~with
light reddish sand; the ammonite assemblage d2 1s confined to the bed base, and the assemblage d3 is recovered from the upper part of the bed (Fig. 5). The bed
thickness is 0.6 m.
(7) Light reddish loose sand; apparent thickness is
up to 0.7 m.
The overlying sands and silts bear the middle-late
Callovian fauna.
PRINCIPLES OF INFRAZONAL SUBDIVISION
The Jurassic ammonite stratigraphy in Western
Europe is predominantly elaborated at the precision
level of subzones (Callomon, 1984, 1985, 1993: Callomon et crl., 1988, 1989, 1992; Page, 1995; and many
others). Regretfully, this approach is of a limited acceptance i n Russia. Subdivision up to subzones greatly
increases resolution of local and regional scales, makes
their correlation more precise, and reveals many local
biotic and geological events, which cannot be distinguished when units of a higher rank are in use.
Two detailed biozonation\ are used in practice.
French stratigraphers usually operate with units called
"zonules", whereas English and German researchers
STRATIGRAPHY AND GEOLOGIC4L CORRELATION

use the term "biohorizon" that is more convenient in
my opinion and closer related to biological events.
Zoriirle is the smallest chronostratigraphic unit
defined, like units of higher ranks, by its lower boundary in the stratotype section. Page (1995) estimated that
an average time range of zonirle (biohorizon plus a
potential hiatus) is about 200000 or, occasionally, only
80000 years.
Bio1iori:ort (orftnrrlnl Iiurizu~i)may correspond to a
bed, or to a part of the bed and even to a bed sequence,
when they yield a peculiar fossil assemblage (fauna or
flora) that cannot be differentiated further in stratigraphy (Callomon. 1985). Therefore, both the lower and
upper boundaries of biohorizon are detectable in a concrete section (Page, 1995). For the chronoequivalent of
biohorizon. Callomon ( 1 985) suggested the term "hemera" introduced by Buckman (1 893, 1902).
Biohorizon is recognizable in a section, or in a
series of sections of some region, if its index species
(subspecies) is identified; taxonomic composition of
associated fossils is of auxiliary importance only. It is
expedient to use species (subspecies) of a single phyletic line as index taxa of successive biohorizons. As
suggested by Callomon (1985), the possible highest
resolution can be achieved by using transient species
usually denoted by Greek letters. Successive biohorizons may have boundaries, which do not coincide. In
correlation charts, potential hiatuses are indicated by
intervals separating the neighboring units. Being established. the succession of biohorizons should be integrated with the existing zonal scale. At the present state
of knowledge, boundaries and summary ranges of biohorizons may not coincide with those of higher rank
units (Page, 1995), although such a coincidence should
be airned at.
As a rule, biohorizons are niost convenient for correlation within biogeographic provinces, but some biohorizons or their successions can be stratigraphically
significant for paleobiogeographic realms and even
used as interregional markers.
The studied vertical successions and concurrent
ranges of ammonite species enabled recognition of a
Vol. 9
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on the evolving group of organisnis, on the other 1i;uid.
The integrated effect of all factors leads to the pliylogenetic canalization, especially i n tlie case of specialized
groups having stable organization and low ecological
valence.
Particular phyletic lineages may be of a great strntigraphic value for some section intervals. This depends
on abundance (occurrence frequency) of representatives of the given group and on tlie clearness of evolutionary changes enabling discrimination of successive
species. The comparative analysis of several phyletic
lineages characterizing different tnxa effectively controls the recognition and correlation of hiohorizons.
Critical for recognition of infrnzonnl silbtlivisiori in
the Ir!finilrnl Zone and in tlie lower part of the Ekcrtnirrc
Zone is the phyletic lineage of Cadoceratinae:
Ccrclocer.os (Cotococlocer.crs)ir!fin~rrnlGul. et Kiss - C.
(C.) cf./aff. irzfinirrni-C.(?Pcrrnctrrk)ccr-tr.s/Ct~trrt-~~Examples can be found every time, when we have tioc-eras) aff. ir!firti~rni(Fig. 6, 11os.I-3). This phyletic
the representative collection of fossils. For instance, lineage demonstrates the transition from representaamong abundant shells of Kelj/derites (Kep/~lerire.s) tives of the subgenus Ctrtrrc~~tloc~~r+crs
Body levsky,
s~~crlhor-clensis
Sok. et Bodyl. of the assemblage a1 from which retain coarse ribbing on body chamber throughthe Prosek-Isady section (Fig. 21, there are some speci- out the mature stage. to representatives of the suhgenus
mens similar in their coarse ribbing to K. (K.) ex gr. Porocodocer-us Crickmay, which have fine ribbing
ke/~~)ler-i
(Opp.) of the assemblage a3. Another example smoothenitig during the ontogenesis. The evolutionary
is the subfamily Cadoceratinae. In the Uzhovka section transition from the fine-ribbed Kel)l?ler.it~.s(Kc~l)l~lrr.(Fig. 3), the dominant representatives characterizing ites) s~.oll,nr-insisSok. et Bodyl. to the relatively
one of the successive species Codochm~io~r.s.setio
sltren- coarse-ribbed K.(K. ) ex gr. kepl~1er.i(Opp.) (Fig. 6,
sis (Nik.), C. srrl~l~otn~rrs
(Nik.), and Clmiio~rssericl( ?) nos. 21-22) is also of stratigraphic importance for the
sovcrro~~erisis
Call. et Wright (assemblages b2, b3, and indicated interval.
b4, respectively) associate at every particular level with
Important for the lower and middle parts of tlie Ekrtthe intermediate forms resembling in some characters nioe Zone is also the phyletic lineage of scarce but cliarthe neighboring species of the given phyletic lineage. acteristic species of Macrocephalitinae: Mtrc.r.oc-rl,licrAssuming coexistence of these species. we come into lites (Mt1crocel~hcr1ite.s)jrrc'qrroti (Doi1v.)-M.(M.)
collision with the principle of competitive exclusion of /u-oseliensis Gill.-M.( M. ) / ~ o ~ > l oSmor.
~ ~ - i ( Fig. 6,
ecologically similar forms (the Gauze rule). In addi- nos. 31-33). The succession shows the ventr,'I I 51
.'cle nartion. it is evident that the coexistence of evolutionary rowing until its sharpening in the early whorls of M.(M.)
allied species presupposes the preceding divergence pcn.1o11.iand reduction of sculpture on lateral sides.
and, at least, the initial isolation of species. Mechanism
By subdivision of the niiddle and upper parts of the
of such isolation is difficult to explain. Therefore, the
EIotr~ioe
Zone and of the basal part of tlie Kocriiiqi
model of phyletic (nondivergent) speciation seems to
Zone.
the
key role belongs to the pliyletic lineage of
be more preferable.
Cadoceratinae: C(rtk)c.cv.rrs (Br-,~oc~aeIoc~~,c,s)
r.vc.l1c~171!*The coexistence of archaic and progressive morpho- sc-her~i Sok.-Ccrrloc~litrrrro~rssc~titrsrrrur~.vis ( Nik. 1-types of a single species can be explained in terms of C. sul>/>crtn~w
f Nik.)-CIi(r~iio~r.s.srrirr
( .") .srr~~rto~-rn.si.s
the stabilizing selection theory (Shmal'gauzen, 1968; Call. et Wright-Ch. c~Iinniorr.s,seti
(Orb.)(s.1.) (Fig. 6. 6Shishkin, 1988; and others), according to which the 10). This phyletic lineage is characterized by the rapid
speciation is related to the appearance of a new nomi (a transformation of shell ~~iorpliologyfro111 c'iI d'lcotle
certain stable niorphological-fiinctional and genetic (C. (B.) r . s c ~ l ~ ~ r ~ r i ~ to
s coxycone
I ~ c ~ ~ ~ (Clirrnlorrssc~tirr).
~i)
state). In population. where dominant representatives
The phyletic lineage of Gowericeratinae takes oricorrespond to this norm, some forms may still have fea- gin in the Elrtri~crc~
Zone and is characteristic of the
tures corresponding in a certain sense to the previous Koerligi and Ctrl1o1~ic~ri.c~
zones in subboreal regions of
norm, and, simultaneously, the combination of future Europe and eastern Greenland. This lineage is as fedstandard features is under development.
lows: group of iYc~l,l~lc~r,itc~s
(Go~~~rr~ic~c~r~rrs)
rrrl:licrc
The steady unidirectional evolution of individual Gul.-group of K.(G.) tor-icdi (0pp.)-species of tlie
(Sow.) and K.(G.) nicltor.phyletic lineages can be explained by limits of potential group of K.(G.) ,po1~~c~r,itrr11rs
transformations controlled by the evolutionary ability clitrs (Buckm.)-K.(G.) t1rrl.sicostntrr.s Tint.-K.(G.)
(Buckm.)
of a given organization type, on the one hand, and by c~rr.ri1ohrr.s (Btrckm.)-K.(G.) t~~ic.lio~~l~ur~rr.s
the environmental impact of abiotic and biotic factors [?=K.(G.) ,qtrliltlrii (Opp.) serlslr Page, 19891-species
series of faunal assemblages stratigraphically outlining
biohorizons of the upper Bathonian-lower Callovian
sections (Figs. 2-5, Table 1 ). Their recognition and correlation were facilitated by the distinct species successions (phyletic lineages) established in subfamilies
Cadoceratinae Hyatt. Gowericeratinae Buckman, and
Macrocephalitinae Salfeld (Fig. 6). Every phyletic lineage shows persistent changes in species morphology
(phyletic trend), which offer a basis to find the proper
position of individual species in the general succession.
However, the precise dating of faunal assemblages
should be based on representative material elucidating
variability of the constituent species, because the end
members of isochronous (intraspecific) variation lines
may have a set of either archaic or progressive features
making them similar to ancestors or descendants.
respectively, for which the given combination of distinctive features is a norm.
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Fig. 6. Stratigraphic ranges of genera and subgenera of ammonite macroconchs and main phyletic lineages of Cadoceratinae. Gowericeratinae and Macrc~cephalitinae.the upper Bathonian-lower Callovian of Central Russia (ranges of index species and biohorizons are shaded).
Cadoceratinae: (Cat.) Cndocc,ms f Crr/crc.rrd(~er-rrs):
(Par.) /C. / Poracn~k~crrrrsJ:
["Bry..'] C. ["Rr?occrciocc.ms"] (group of C. sirrlrrIrrrrs):(C-ch.) Cod~~clrrrrrro~rssctirr:
(Ch.) C/rcrrrrortssrlirr:(Cad.) C. (CO~/~KEIT~S).
Phyletic lineage 1-5: ( 1 ) Cc~f/i~crrns
(Ccrtc~cc~t/ocerns)
ir!/irrrrrrr~
(2) C. (C.:') cf./alT. ir~jirrrrrrrr
( 3 ) C. (?Pn,acndocrra~c/Cc~tncniI~~rrrc~sJ
aff. ir~jirrrurrr? +- (4) C. ( P ) elnrrrrtrr '?
(S) C. ( F ! ) cf. ~wirrmc~~.rrrrr.
Phyletic lineage 6-10: (6)C. (Br~ocncIc~crras?J
tsclrrr~r~sclretc~i ( 7 ) Cociocl~errr~orrssrticr
srrrc.rrsi.r ---c ( 8 ) C. s~r/~l~olrrrrrs (9) C/rrr~rrr~rrs.~c~lin
(?) snrerto~.rnsi.r--c ( 10)C//. C/~nrnr>rrsseti
(S.].) [?=C//./>hillipsi, C//.
brrckrrrtrrri].Phyletic lirieage 6. 1 1-1 7: (6)C. (Br?c>t.ock~cc,nrs?J
tscl~rr-r~?~c-lrrtt~i
-,- ( I 1 ) C. (B?)ex gr. tsclrcrrryschc~~~i
(1 215) proup of C. (Crrt1occ~rur.s)
tolx/)e(and. probably. C. (C.?)cor!frrsrrnl)
( 1 6 ) C. f C. J srrhl~re~~e ( 17) group of C. (C.?) cf.
/sc.lrc:/kirriand C. (Knudicr~~n.~)
cl.. rniIrr.r~~lret~ici [C. ( K .)] C. / Rorrdict~rnsl(c 1 Phyletic lineage 18-20: I 18) C. ( "B. ") sirr~rrlnrrs
( 19) group of C. ( ''B. ") art. sirrrrrlrrrrs -,-, (20) gmup of C. I "B. "I I r e ~ r [E.]
r ~ ~Eiclrrc~allicrras
~
(c 1 $'?)-3).
Gowcriceratitiae: (Kep.) Kc~l~l~lc,ritcs
(Kc~l~l~lrrirc~s):
(Gow.) K. (Gotc.rricc~ra.rJ:
(Sig.1 Sigoloc-er-rrs(Sigrrlocc,ws):(C-S.)S. (Ccr/usigrl1oc~c~r.tr.s
l. Ph y let ic li rieuge 2 1-22: (22 ) group of Kc,/~plc~itr,s
f Kcl,/~lc.ritc.s)
st~rrll~crrclc~rrsis ( 22 ) grorrp o f K. ( K ) r(cy/hr.i.Ph yletic
? +--,(34)group of K. f Go~c.c.r-icerrrslrrrr;J~crr
(25) group of K. (G.)tor~icrlli
lineage 23-30: (23) K. (K.) r.o.sc~rrk~.trrr/,i
( 2 6 )group of K. (G.1 gott~c,r.itrrrrr.rK. (G.)rrr~torr.hrrsand K. (G.J dc~rrsic-osrorrtsspecies
(27) K. (G.J crrr/ilohrts
(28) K.
(G.I rr~ichol~lror~r~s
(?=K. (G.) ~ o l i l r ~ c(Opp.)
ii
sensu P L I ~1989)
.
(29)proup of SiLprrloc~m.r
(S!prrlnr~rtrs)
ca1lo1~ie11.r~
and S.
(S.) rrric-trrrs species
(30) group of S. ( Ccrttrsi~qoloivri~sJ
urrcdnrurrr
[K. t G.)]Kosrrrocrrcrs f Grrlir~lrrritus)
( c1 2).
Proplanulitinae: (Pr.) Pr~ol~ltrrrrrlitc~s
(several subgetiern).
Pseutloperisphincti~i;~~:
(Horn.)H o r r r o ~ o l ~ l t r r r ~ i l i(several
/ ( ~ . s subgenera): t l.-Ch.) lr~closl~lrirrctes
arid Clrqfli~ticr(several subpenera).
M:tcroccphalitinae: (Mac.) M e r c ~ r ~ ) c ~ c ~ l ~(Mtrc~~~c~rl)lroli~c~.s).
I~trli/~~s
Phyletic line 3 1-33: ( 31 ) Mcrc~,ncc~l~lrcrli/e.r
fMricr7~crl1lrolite.r),jncc/rro/i
(32) M. ( M , )/~r.o.sc.l\c~rr.ti.s (33) M. ( M , )l~cr~.l(>t~.i:
(3-1)M. (M.J t.olgtrr.

--

-

-

-

-

-

-

--

-

-

--

-
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and Elatriine zones (Fig. 7). Accordingly. they can
be used as index species of moqt biohorizons spanning
this stratigraphic interval. Representatives of the subfamily Gowericerutitiae serve as index species of biohorizons established in the Kocjrrigi and Crrllo\~ic~ri.\c~
zones, where these forms are abundant.

riilrrii

THE UPPER BATHONIAN-LOWER CALLOVIAN
INFRAZONAL SCALE
The upper Bathonian-lower Callovian zones arid
biohorizons of Central Russia are characterized below.
Also presented in the article are infiazonal correlation
schemes of the described sections (Table I), tlie upper
Bathonian-lower Callovian stratigraphic scales for
Central Russia, Northwest Europe, eastern Greenland,
and Northern Siberia (Table 2), as well as stratigraphic
ranges of anilnonite taxa (Fig. 6 ) and dynamics of relative abundance of animonite subfamilies in the C. irlfiritlrrrt-K. clertsicostcrtlrs biohorizons (Fig. 7).
Fig. 7. Dynamics of relative abundance of ammonite subfamilies in the hlfirrrclrll and Elotrrloe zones and at the base
of the Koer~igiZone in the Nizhnii Novgorod area (the
Prosek-lsady and Uzhovka sections): ( l Macrocephalitinae: (2) Pseudoperisphinctinae: ( 3 ) Proplanulitinae:
(4) Gowericeratinae: ( S ) Cadoceratinae.

of the group of Signlocerns (Sigalocerns) callor.iense
(Sow.) and S.(S.) rnicans Buckm.-group of S. (Ccrtnsigolocerns) erzoclcrt~rrii(Nik.) (Fig. 6, nos. 24-30). In this
case, we observe the gradual transition from forms,
which have wide coarse-ribbed echinate whorls, the
relatively high ribbing density on the terminal body
chamber, and wide umbilicus (K.(G.) irrt:hae), to other
forms having the high fine-ribbed whorls, widely
spaced broad or completely smoothen primary ribs on
the terminal body chamber, and narrow umbilicus
(Signlocerns).
In addition to Gowericeratinae, Cadoceratinae and
Perisphinctidae are the main groups characterizing the
Koertigi and Cnllo~~iense
zones. However, phylogenetic
links within these groups are insufficiently known
(especially in the latter), and their significance for
detailed stratigraphy is uncertain. For instance, the subfamily Cadoceratinae reveals transition from forms
similar to Caclocerns ( Cadocer-as) t o b e Buckm. to the
forms similar to C.(C.) slrDloe\*e(Sow.) and C.(C.?)
tscheflini (Orb.), and finally to the subgenus
Rorzdicerns Troitskaya (Fig. 6, nos. 12-17). By this
transition, ribbing becomes reduced and narrows umbilicus of the early whorls grows wider afterward. However, in addition to this general trend, there could be
some deviating or even parallel lines responsible for
origin of C.(C.?) corlfirs~rrii (Gul.), C. ("Bryocnclocercrs ") proniense Sas., and some other species.
Species of the subfamily Cadoceratinae distinctly
dominate components in most assemblages of the Ir!fi-

Index species: Cnclocercrs (Ccrtnctrclocc~r~ns)
ir!finrlrrrr
Gulyaev et Kisselev, 1999. The holotype no. 21627
from the Prosek-Isady section, Nizhni Novgorod area,
(Gulyaev and Kiselev, 1999, Plate I, fig. l ) is stored at
the Chair of Zoology of the Yaroslavl State University.
Nomenclature. The local Irzfirii~rnrZone is established on the basis of peculiar fauna discovered below
the Elntrltoe Zone of the Middle Volga region (Gulyaev
and Kiselev, 1999).
Zone
Paleontological characteristics. The Ir~firit~rrii
corresponds to the earliest formation stage of the East
European sea basin prior to its connection with tlie
Tethyan and West European seas. The animonite fauna
of exclusively boreal (arctic) origin includes archaic
representatives of subfamilies Cadoceratinae Hyatt
(Cadocerns (Cntnccrclocercrs) Body levsky [M] and
Costncadocer.ns Rawson [m]) and Gowericeratinae
Buckman (Kepplerites (Keljl~l~r.ites)
Nerrnrtr!~r [M] and
Toricellites Buckman [nil). Similar assemblages were
previously known only from the upper Bathoninn
deposits of the Arctic regions, namely from eastern
Greenland (Spath, 1932; Callornon, 1993; and others)
and Spitsbergen (Ershov, 1983; Kopik and
Wierzbowski, 1988; and others). The distinct predominance of Gowericeratinae in the lower part of the zone
and of Cadoceratinae in tlie upper one serves as a basis
for distinguishing tlie respective biohorizons. Changes
in abundance are interrelated with morphological transformations. In the upper part of the zone, representatives of C. (Corcrc~ntlocer.crs)group demonstrate less
coarse ribbing and K. (Keppler-ires)forms show wider
spaced primary ribs on the mature body chamber.
Zone cannot
Stratigraphic position. The Ir~firii~rrii
be direct1 correlated with the standard West European
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Table 1. Inliazonal correlation of the upper Bathonian-lower Callovian sections of Central Russia
0

2

a

3

4
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Uzhovka

Pezhenga

Alpnt'evo

C .

Biohorizons

V)

%
S
.0

-

->
-

------

S . crrtxlrtrrrir
---------

0

d

(a 10)

d 2)

S . c,trllol~icwsc

l

S . c~trlloi~icnse

K . c~rrrtilohrrs
--

-------

K . tkcrrsic~osttr~rrs

c
5

.F

-> 0

d

L

C . srrrvrrsis

------

a3)

---

M . jtrt.qrro~i

.c

S

$ 5

C. inllrnuni

S

scale because o f a high geographic differentiation o f
ammonite faunas. According to its position below the
El~itriirreZone, the Ir~firnu~ti
Zone most likely corresponds to the Disclrs Zone. Owing to ambiguous correlation of the lower boundary o f the Elntrnne Zone (see
below), the lrzfimum Zone range may vary in scope
within the interval of the Discirs Zone coupled with the
upper part of the Oldis Zone. The lower part o f the Infirtiitrii Zone (C. irljmirrti Biohorizon) can be indirectly
Subzone o f
correlated with the upper Horir~o~~~r~ir~irs
the Orl7is Zone, as it follows from the K~.l,l,leritesform
found at this level in Bavaria. The form found i s similar
to the index species of the lower K. pera~ilplirsBiohorizon o f the Calsx Zone of eastern Greenland (Dietl and
Callornon, 1988). This biohorizon i s directly correlative with the C. irzfiriiirm Biohorizon on the basis o f
ammonites.
STRATIGRAPHY AND GEOLOGIC \ L COKIIELATION

The boreal origin of ammonite faunas allows the

Ir!fimirrilZone to be correlated with the Arctic zonal and
infrazonal scales. As shown below, similarity and even
identity o f Kepplerires species validates correlation
between biohorizons o f the Ir$rnurtt and Calyx zones o f
eastern Greenland.
The index species o f the I r z f i ~ i ~ i r r Zone
il
i s similar to

C.(C.)l~nrrrstorii(Meek) representing the index species
o f the upper Bathonian zone that i s recognized in the
Northern Yukon region, Arctic Canada (Poulton, 1987),
and Northern Siberia (Meledina, 1991, 1994). I n eastern Greenland, forms similar to C. ( C . )bnrrtstoni are
recorded predominantly in upper beds of the k i n b i l e
Zone, but some later representatives o f C. (Catlicaclocerns) group were found at the base of the Ca1y.u
Zone (Callonion, 1993). Most likely, the Ir!finiir~ilZone,
Vol. 9

No. 1

2001

Table 2. Correlation of the upper Bathonian-lower Callovian zonal and infrazonal scales for Central Russia, northwestern Europe. eastern Greenland,
and northern Siberia (author's interwetation)
Northwest Europe
Central Russia
(Callornon 1.1 ul.. 19x8. 19x9. 1992: Ditel. I98 I; Ditel.
(Callornon, 1993)
(Meledina, 1994)
(this article)
Callornon. 19x8; Page, 1989; Biostratigraphie..., 1997)
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Biohorizon
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l
c. il~~~lltllllt
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K . /w~.~~wpet.s

i

Note. Ahhrcviarions designate rhc li)llowing raxa: ( K . ) Rrrll,
Ierc,ii. (H.)Ho~rroc~ol~lcu~lrIitc~.~.
Hann.) Herr~~to~*c,rc~~l~~s.
( Holl.
1oc.rfir.s.(Tcrchr.) K,II,/HYI~L~S.
( h r . ) \/(l~.i(lhiIc~.

(C.) Cc~cloc~r,u~.s.
(Calov irllo~~ic~~~.sc~.
(Ch. Cl~tr~~~orrs.sc~ricl.
fC
( M .) Mcrc.1~r~c.c~lj/~erlirc~,s.
(Norclcnsk.)Nor7/c~11,s~;orleli.
(0.)
O.\:\.c.c~rirc,.s.
( S . ) SixerK . Kc,l~l~l~~.irc~.s.

'S.
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as well as the C a l y Zone, should be colrelated with the
upper part of the Bnrri.storri Zone of Siberia.
Distribution. At present, the l~zfirnir~ir
Zone is reliably established in the Prosek-Isady section only. However, it seems to be present not only in niiddle courses
of the Volga River, but also in northern and eastern
areas of European Russia (in accordance with the s u p
posed configuration of the paleobasin).

lower half of the Ctrl~.uZone (the K. pem~iipl~rs
Biohorizon), where the assemblage is dominated by K. ( K . )
s1~oll~or~1e1~si.v.
Callomon (Dietl and Callomon, 1988;
Callonion. 1993) correlates the Ccrlyx Zone with the
standard Or-17;s Zone of Western Europe, because its
Subzone in Bavaria contains Kepupper Hcrnno~~er~rriirs
pleritrs (Kel~l~lrrites)
cf./aff. penrritl>lirs Spath siniilar
to that from eastern Greenland. It is difficult to evaluate
how reliable is this version. but from the last standpoint, the C. irzj711rirrttBiohorizon should also be correlated with the upper part of the Orbis Zone.
Distribution: the same as that of the zone as a
whole.
-

-

~

Index species: Cndocercrs (Cotncodocerns)irrjiniirnr
Gulyaev et Kisselev.
Nomenclature. The C. irzjinlirrir Biohorizon is
established in the upper part of sands underlying clays
of the E/(itritae Zone of the Prosek-Isady section
Index species: the form tentatively identified as
(Gulyaev and Kiselev, 1999). My subsequent study in Cadocerns (Cntncaclocercrs?)cf./aff. ir$riiurir Gul. et
1998 revealed two successive ammonite assemblages Kiss. Because of the poor preservation state, it is still
confined to this level. The lower assemblage (Fig. 2. unclear whether this form represents an independent
a l ) shows paleontological characteristics initially sug- species or the transient C.(C.)ir!firnlrm variety.
gested for the C. irzj71ilir11iBiohorizon.
Nomenclature. The C. cf./aff. ir~fimirrtiBiohorizon
Paleontological characteristics. Representatives is established in the uppermost sands underlying clays
of subfamily Gowericeratinae, the dominant and highly of the EIotrtrne Zone in the Prosek-Isady section
variable Kepplerites (Kepl>lerites)s ~ ~ t i l l ~ a r ~ lSok.
e ~ ~ s i (Fig.
s
2, assemblage a2). The unit is contiguous to the
et Bodyl. included, constitute approximately 80% of C. ir~firii~rrii
Biohorizon.
the ammonite assemblage (Plate I, Fig. 4). Few found
Paleontological characteristics. Poorly preserved
specimens of K. ( K . )cf. ri.vc~rikrnnt,-i
Spath have wide ammonites are identified in terms of open nomenclaechinate early whorls decorated with coarse ribs. ture. Species of subfamily Cadoceratinae represent
Microconchs of Toricrllites parrl>er (Spath) and 7: aff. more than 90% of the assemblage. C. (C.?) cf./aff. ;I$~~crirl)er,
the latter with coarser ribs, represent up to 10- n111111greatly resembles the index species of the preced15% among all forms of Gowericeratinae. About 2 0 4 ing biohorizon, but it has less coarse ribbing. Cosmcnof ammonites belong to subfamily Cadoceratinae rep- docems cf. piscicirllrs is almost indistinguishable from
resented by species C.(C.)irijiririrnt Gul. et Kiss. (Plate I, C. piscicul~rstypical of the underlying deposits. The
fig. 5) and Cosmcndocerns piscicrrlirs Gul.. which have subfamily Gowericeratinae is represented by rare speccoarse ribbing at the intermediate to late stages of imens of Keppler-ites (Kel~plerites)
sp. ind., which have
growth and slightly involute whorls of shell up to 5 or ribbing slightly coarser than that of most specimens of
6 cm in diameter.
K. ( K . )s~wlhnrde~isis
from the preceding biohorizon.
Stratigraphic position. The C. irffinlirniBiohorizon
Stratigraphic position. The C. cf./aff. irlfirrrirrii Biocorresponds to the lower part of the I~ijirri~rrii
Zone. The horizon corresponds to the upper part of the Ir~finilrrir
ammonite assemblage of the biohorizon is similar to Zone. According to its position relative to the previous
that of the upper Bathonian deposits in eastern Green- biohorizon, the C. cf./aff. irzfiriiirnt Biohorizon should
land, as they both include common Kepplerires forms be correlated with the upper part of the Co1y.u Zone (the
of the C. irrji- K. t*nrdekloefiensisBiohorizon) of eastern Greenland.
(Callomon, 1993). K. (K.)s~~trlbardertsis
rltrrrn Biohorizon was reported from the lower K. per- Depending on dating of adjacent levels, the C. cf./aff.
~riipllrsBiohorizon of the Cn!\.r Zone of eastern Green- irlJirriirrir Biohorizon can be correlated to either the
land, and K. (K.). mserrkrnnrci is characteristic of the upper or lower part of the standard Discirs Zone.
synonymous upper biohorizon of the preceding VnriDistribution: the same as that of the zone as a
ahile Zone. Typical forms of the latter belong to the
whole.
subgenus Caclocerns (Catcrctrtlocrrcls), although
younger representatives of this subgenus are also
recorded at the base of the C(r1y.rZone. Thus. at the first
Ln~rerCallovinn
sight, ammonite fauna of the C. irzfimrrrii Biohorizon
Elntriioe Zorie
corresponds to that characterizing two biohorizons of
Index species: Cndocerns (Pnrncndocrrns)elc~tnine
eastern Greenland, where each bears its peculiar set of
species. Such a concli~sionis misleading, because all (Nikitin, 1878).The neotype no. 3411 344 from the Ryaammonites of the C. ir!finilrnt Biohorizon were found zan' area near the town of Elat'ma (Nikitin, 1881, Plate
associated in the same concretions. Most likely, the l l i4), fig. 20) is stored at the Chernyshev Geological
C. irzfinrlrrn Biohorizori should be correlated with the Museum of St. Petersburg.
STRATIGRAPHY AND GEOLOGICAL CORRELATION
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Plate I.
Characteristic late Rathonian-early Callovian amnlonite spcies or cenrral Kussla tacuial s i ~ c j
(I) Mrrcruce/~ho/ires(Mtrcmce~~lrtrlite.s)jc~cq~rori(H.
Douvilie). no. 211277: ( 1 8 ) left t.ie\v. ( I h ) right view: thc Prosck-ls;ltly scction.
Elcrt~rrrreZone. the M. jcrcqrroti Biohorizon. ( 2 ) M. f M . )jrrcqrrori (H. Douville). no. 811355: (:a) side view. (3)
veritral \ icw: the
Churkina section (the Pizhma River area. Komi Republic). Elrrtrrrtre Zone. M. jucqrroti Riohori7on. ( 3 ) Kel~l~lcr~itc~s
(Go~~~cvr.ic.c.rrr,~).)
clarsicostnrrrs Tintant. no. 511 175: (3a) side view. t3b) ventral view: the llzhovka section. K o i v ~ i gZone.
i
K. tt(~rr.vicosrorlr.(Hiohori7on. (4) K. (Kel>l~/er.ires)s~~nlbnrderrsis
Sokoiov et Bodylevsky. no. 2/676: side view: thc Prosek-lsacly section. Ir~firrrrrrrrZonc.
C. irrfirrrrrrrr Biohorizon. (5) Codcoceros (Cnt~ccrrl~cer~ns)
ir!firrrrrrrr Gulyaev et Kisselev. the holotype no. 21627: (5a) side vie\\,.
(5h) ventral view: the Prosek-lsady section. lr~firrrrrrr~
Zone. C. irlfirrr~rrrrBiohorizon.
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Nomenclature. "Stage of Stephnnocerns elamiae" to the time, when the East European sea basin became
was distinguished for the first time by Nikitin ( 1881) in connected with the Tethyan seas and entered the subbothe Callovian deposits of the Elat'ma area in the scope real stage of developnient.
of the entire lower Callovian.
Paleontological characteristics. In the ammonite
The Ccrdocems elcrtr~tcre Zone suggested by assemblages of the zone, dominant boreal forms are
Sazonov (l 953) was officially authorized for the Rus- associated with some Tethyan taxa. The faunas are
sian platforni at the All-Union Conference on the Uni- highly endemic.
.,
fied Mesozoic Stratigraphic Scheme (Reslre~ti~a..
The boreal subfamily Cadoceratinae Hyatt is domi1955).The zone was positioned above the Arcticocerns nant (75-90%) throughout the zone (Fig. 7). In the
ishmac. Zone and below the Kel~l~lerites
callo~~ie~rsis-K.lower and middle parts of the zone, the subfamily is
gort*criei~z~rs
Zone. It is characterized by the following represented by species of the subgenera Cncioc.ercls
zonal assemblage: Mncrocel~lrnlites nincrocq>hnlus (Pnrrrcot/ocerns) Crickmay and, to a lesser extent, by
(Schloth.) [until the recent time, this was the traditional those of C. (B~~oc.crdocercr.s)
Meledina. In the lower
name for most Mccc.mc.el~halitesforms with discoid- beds of the second half of the zone, the endemic genus
conical shells], Cndoceras elrtrnoe (Nik.). C. 111ocli- Ccreiochcniiorrssotict Mitta separates from the latter subolar-e (Luid.) [=C. siritrrltrrrs Spath], C. frearsi (Orb.), genus to give rise the genus Cltnritorrsseticr Douville
C. srrl~l~crtrt~rrs
Nik., Clitrrirotrssetin c.hnnrolrsseri (Orb.) characteristic of the upper beds. Species of these taxa
Call. et Wright, or mor- are niuch more abundant than macroconchs of
[probably, Cl]. (?) samto~~ensis
phologically similar Mocrocel7hnlites pn~,lor~.i
Smor.], Cadoceratinae. Species of the group of C. ( "B. ") sinirrKel7plerites gower-inn~rs(Sow.) [probably. K. ~r~tdtne Icrrrs Spath. occur sporadically but throughout the zone.
Gul.], and others (Sazonov, 1953, 1957). Later (Reslt- Microconchs of the genus Costnc~nclocernsRawson
eniycr ..., 1962), the zone was named after two index also occur throughout the zone displaying the shell size
species: Cculocerns elnr~ircreand Mncr-ocepltnlitesmclc- diminishing, increasing ribbing density, and slightly
rocephnlus.
growing involution of whorls.
Abundance of forms representing the low-boreal
When Meledina revealed that the Elntritne Zone
yields only Cadoceratinae forms, the zone was denoted subfamily Gowericeratinae Buckman is not greater
again after C. elamine, and the underlying beds with M. than 1&15% of the ammonite assemblages. At the base
~i~ac.mcrplrnltrs
were provisionally attributed to the of the zone, the subfanlily is represented by Kepp1erire.s
Neumay r and Toricellites Bucknian, both
lowerniost Callovian (Zony..., 1982). Later Meledina (Kel~l~lerites)
retaining similarity with taxa of the previous lrlfirirrrrir
( 1986, 1987) concluded that there is no reliable evidence of Mocrocrl~licrlites occurrence below the Zone. Above (the C. elcrtriine Biohoi-izon),the GowerCcrtfocer.ns level in the Russian platform. Conse- iceratinae forms disappear completely and occur again
quently, it is unnecessary to recognize the Mtrcv-oceph- in the middle part of the zone, where the subfa~nilyis
represented by presurnabl y endemic K. (Gorvericer-as)
trlires level below the Elntrirne Zone.
Analyzing vertical ranges of early Callovian ammo- Buckman and Tor-ic-elliresforms, which have wide echnites in the Volga region near Saratov (the Malinovyi inate whorls in contrast to the earlier forms.
Scarce (not more than 10% of the assemblage) but
Ravine), Alekseev and Repin (1989), and afterward
Repin and Rashvan (1996) suggested to change the characteristic species of the Tethyan subfamily Macronomenclature of the Elcrtr~iaeZone using the new index cephalitinae Salfeld were found in the lower and midspecies Costacndocern.s ~iitrnti~rnt
(Sas.). They argued dle parts of the zone. Their occurrence suggests conthat C. ( R ) elatrnne is confined to the upper part of the nections between the East European and Tethyan sea
zone, whereas only single C. ntrrrrtlrrnt and Mncrocepli- basins that was favorable for fauna1 exchange. Among
alites (Mcrcroce~~1iezlite.r)
cf. tritrng~rlorisSpath. were the Macrocephalitinae forms, there are some peculiar
found below. Accordingly. the Mrlrtdrr~irZone was sub- and. most likely, endemic species.
divided into the Mncmce1~ltalite.sex gr. jncqtroti and
Representatives of the Pan-Tethyan subfamily
Ccrcloc-ercrselcrt~iinesubzones. However. it is a norm, Pseudoperisphinctinae Shindewolf (the genus
when the index species range corresponds only to a part Hornoeol~lr~trrlites
Buckman) appear in the niiddle and
unit, and this is not a upper parts of the zone representing up to 10% of the
of the corresponding ~tratigri~phic
reason to change the unit name.
ammonite assemblages.
Stratigraphic position. In general, the Elatrncze
In this article, the Eltrtrrrcre Zone is considered in
approximately the same scope as initially suggested by Zone is considered to be analogous to the basal CallovSazonov. Previously Kiselev and myself (Gulyaev and ian Hense~iZone of the standard scale. As shown
Kiselev, 1999; Gulyaev, 1999) pointed to the provi- below. some stratigraphic levels of both zones are corsional character of the lower boundary of the Elcrtr~roe relative to each other owin,p to the occurrence of similar
Zone. After the additional sti~dyof the Prosek-lsady and identical representatlves of genera Cnrlocerns,
and Mtrc.mccy1tcrlitc.s. However, it is not
section in 1998, this boundary was confidently estab- Kel~l~lerites,
lish at the first occurrence level of representatives of the improbable that the ambiguously dated lower boundary
Zittel. This datum corresponds of the Elnt~irneZone can be lowered down to the lower
genus Mtrt~r.oc~e/7/ialitc.s
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part of the upper Bathonian Disclrs Zone of the standard scale (see below).
The occurrence of subgenera Cndocerns ( Parncodoeer-as), C. (Br:vocndocerns), and Kel~pler.ites(Kepplerites) permits the Elntriine Zone to be correlated
with the Al~ertlrriiand Norderrskjoeldi zones of eastern
Greenland (Callomon, 1993) and with the Fnlslrrit and
Annharense zones of northern Siberia (Meledina,
1994). The lower part of the Elntrrine Zone may correspond to the Bofilettskyi Zone of the northern Yukon
(Poulton, 1987).
Distribution. The Elntrltne Zone can be recognized
over the greater part of the European Russia.

Index species: Mocr-oceplinlites (Mncroc.eplialites)
jcrcqlroti ( H . Douville, 1878) [nom. nov. pro Arrttrt.
Macr-oceplicrlirs conlprrsslrs Quenstedt, 1 849, p. 1 84,
Plate 15, fig. I].
Nomenclature. The M . jncqlroti Biohorizon contiguous to the C. cf./aff. irlfirltlrni Biohorizon is distinguished in basal clays of the Elntriine Zone of the
Prosek-Isady section (Fig. 2, assemblage a3).
Paleontological characteristics. In general, the
ammonite fauna inherits characteristics of the Irljrnrrnt
Zone assemblages. Up to 80%, it is constituted by representatives of the subfamily Cadoceratinae. The form
identified as Cnclocerns (?Pnrclcnclocerns/Cntncnclocerrrs) aff. irzjin~lrnidiffers from C. ( C . ) ir@riltrrtt and
C. ( C . ? ) cf./aff. irzjirt~irmowing to more involute inner
whorls and finer and denser ribbing. Ribbed shells of
C. ( ? W C . ) aff. ir!firtilrni are up to 60 mm in diameter.
Their generic affiliation is uncertain, because the subsequent stages of growth are known. In contrast to
C. piscic~rlus,microconchs of Costocndocerns sp. have
smaller size and higher ribbing density. Representatives
of the subfamily Gowericeratinae represent approximately 10% of the assemblage. Species Kepplerites
(Kel'plerites) ex gr. keppleri (Opp.) with coarser and
wider spaced ribs are different from preceding forms of
the genus. One microconch of Toricellites sp. that was
found differs from older species 7: pnlrper, since it has
primary ribs wider spaced on the mature body chamber.
The biohorizon in question marks the first occurrence
level of representatives of the Tethyan subfamily Macrocephalitinae ( M . ( M . ) jcrcqlroti (Plate I, figs. 1, 2),
which have discoid-conical shell with high rounded-triangular whorls and fine sculpture rapidly smoothening
on lateral sides. The Macrocephalitinae forms represent
about 10% of the ammonite assemblage.
Stratigraphic position. The M . jncqlrori Biohorizon marks the lower boundary of the Elntrrlne Zone.
The combination of M. (M.) jncquoti and K. ( K . ) keppleri characteristic of the basal K. kepljleri Biohorizon
of the North European Herveyi Zone (Callomon et al.,
1988, 1989, 1992; Page, 1989) indicates that these biohorizons are correlative. In Germany (Schwabia) how-

ever, M . ( M . )jocqlroti appear\ for the firqt time in the
lower part (the Hollcrridi Subzone or Cl. Holltrrltli Biohorizon) of the Disclrs Zone (Callonion et (11.. 1989).
have a wide \ttatiForms similar to K. ( K . ) Aepl~le~-i
graphic range (the C. crl>er-tr~nibiohorizons) in eastern
Greenland (Callonion, 1993).Owing to these facts, the
M. jcrcqlroti Biohorizon (and consequently, the ba\e of
the Elntriine Zone) can be placed at the level of the
lower part of the Disclrs Zone. In this case, the preceding IrtJirii~rrii Zone corresponds to the interval of the
upper part of the Orbis Zone coupled with the lower
part of the Disclrs Zone. Such a conclusion agrees with
the scheme suggested by Callomon (Dietl and Callomon, 1988; Callomon, 1993), who correlated the
Cn1y.r Zone of eastern Greenland (correlative with the
I~zjirii~rnt
Zone) with the standard Orl7i.s Zone.
Distribution. At present, the M . ,jocqrroti Biohorizon is reliably recognized only in the Prosek-lsady section. However, it may be recognized in many other
areas. For instance, this level probably correspond\ to
the lowermost part of the Callovian clays of the Volga
region near Saratov (the Malinovyi Ravine), where
Mncr-oceplinlites (Mncroce~>linlites)cf. tr.itrrigrrltrri.s
Spath (ex gr. jcrcqtroti) was found (Repin and Rashvan,
1996). In 1998, I detected one specimen of M. ( M .) j c r c qlroti (Plate I , fig. 2) below the level of Ccrc1nc~l.tr.c
(Pnrnccrdocera~)cf. elntriicre in the Pizhma River section of the Pechora River basin.

Index species: Coclocerns (Ptrr-ncnclocercrs)el~rtrrirre
(Nikitin).
Nomenclature. The C . elnrrrlne Biohorizon was
recognized in the sections of Prosek-Isady (Fig. 2,
assemblage a4), Uzhovka (Fig. 3, assemblage bl ),
Pezhenga (Fig. 4, assemblage cl), Manturovo-Znamenka, and Ivkino localities (Gulyaev and Kiselev,
1999; Gulyaev. 1999). In the Prosek-Isady section,
none of ammonites was found in the interval separating
the first occurrence level of C . ( R ) elntrricre from the
level of the M. jncqlroti assemblage.
Paleontological characteristics. Ammonites of the
subfamily Cadoceratinae, the dominated C. ( R ) elrrtriine (Plate 11, fig. 4) included, represent more than 90%
of the assemblage. Single specimens of C. ("Br:~oc-ndocerns "1 sirii~rlnrzs Spath have extremely inflated
shells with radial ribs curved sometimes backward.
Microconchs of Costtrcoclocerns nirrntlrrrii (Sas.) are
smaller in size than the early forms of this genus. The
biohorizon exhibits the niaxinial diversity of Macrocephalitinae species, which represent, however, only
about 10% of the assemblage. The most common spe) r ~ol,yrr~
G11l.
cies is Mncroce/~hcrlites Mcro.ocephcrlite.~
(Plate VI, Fig. I ) with widely spaced and broad primary
ribs. M. ( M . )prnseke11si.s Gul. [nom. nov. pro M. (M.)
ex gr. jcrcqrroti (Douv.), holotype (Gulyaev, 1999, p. 73,
Plate I, Fig. I ) ] is also frequently occurring. This form
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seems to be a descendant of M . (M.)jncqlrori;its ventral
side is narrower and lateral ribs become smoothed at an
earlier stage of development. The Prosek-Isady section
also yielded a single specimen of M. (Krrniptoke/>lialites ?) sp. juv.
Stratigraphic position. The C. elatriine Biohorizon
approximately corresponds to the upper half of the
~
In the schenie suglower third of the E l a t ~ i i t rZone.
gested, it overlies with a hiatus the M. jcrcquoti Biohorizon. The precise correlation of the C. elatrriae Biohorizon to the standard scale is possible due to occurrence
of some Ctrrloc-erns forms similar to C. ( P ) elrririae
froni the lower part of the Herveyi Zone of Germany
(Schwabia). These fornis are C. ( P ) qlreristc~dtiSpath
(norn. nov. pro Amm. suh1tre1.i~Quenstedt. 1887, Plate
79, fig. 7) from the synonymous biohorizon in the middle part of the Kel>l>leriSubzone and C. ( P ) srre~,iclrrii
Call. et al. (nom. nov. pro Ariim. sub1ae1.i~nicrcmcephali Quenstedt, 1849, Plate 14, fig. 6; 1887, Plate 79,
fig. 3), transient subspecies of which were found in the
synonymous biohorizons situated in the upper part of
the Kel>pleri Subzone, and also in the lower part of the
Terebrcrtlrs Subzone (Callomon et al., 1988, 1989,
1992).As is noted by many specialists (Callomon er rrl.,
1988; Sei and Kalacheva. 1992, and others), C. (F!)
qlreristedti is very similar to C. ( P ) elatriiae, but C. ( P )
slreviclrrii seems to be indistinguishable from the latter.
Accordingly, the C. elntriiae Biohorizon is correlative
with the C. sirevicrrni a, p biohorizons of Germany.
Distribution: probably the sanie as that of the entire
zone.
C. tsclier-rzysche,t,iBiohorizon

Index species: Cncloceras ( Bnocadocerns)
tscherriyschen.i Sokolov, 19 1 2. The lectotype (Sokolov.
1912, Plate l , fig. 2) is stored in the Chernyshev Geological Museum of St. Petersburg, no. 411370. The
~ G l ' m aRiver area.
Nomenclature. The C. rscherri?:~cke~c.i
Biohorizon
(Fig. 4, assemblage c3) is reliably established in the
Pezhenga section only (Gulyaev, 1999).
Pnleoritological cl~rrrrrc~terisrics.
Over 80% of the
ammonite assemblage are represented by the subfamily
Cadoceratinae. Shells of niost common C. ( B . )
tscherrlysche,c~i(Plate 111, fig. 1 ) are swollen to a various extent and show variably wide umbilici. Among
these forms with relatively narrow umbilici, the
extremely inflated variants resemble Cnclocercrs s.s.,
and the flattened one$ are similar to Cr~docliarrioussetia
shells. In addition, the coexkting single C. ( " B . ") aff.
sirlt~lltrrisSpath differ from C. I "B. ") si~ii~rlrr~is,
as they
have slightly narrower u~iibilicu\and hardly noticeable
ribbing bend in the midclle of the \fentral side of early
whorls. Microconchs of Cadoceratinae are mainly repi p nov. aff. r~ilrritllrrii
resented by Costac~crtk)c~r~~~~/\
(Sas.), which have narroutsr ientrul iides and more
involute whorls than C. nirrrltlr~~i~.
Rrpreientatives of
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the subfamily Gowericeratinae constitute approximately 10-15% of the assemblage. The biohorizon is
proved to be marking the first occurrence of the subgenus Kepl>lf~rites(Go~vericertrs) represented by the
archaic species K. ( G . ) rrn:hae Gul. (Plate VI, fig. 2),
which retain dense ribbing on the mature body chamber
(type feature of Kel>l>leritesss.) but already has relatively broad whorls with well developed lateral spines
(features of Gor~,ericerasfornis). Spines of this kind are
also characteristic of microconchs Toricellites pezliengcle (Gill.). The first occurrence of Pseudoperisphinctinae represented by sporadic Hon1oe0~~1an~1Iitr.s
sp. ind.
is also typical of the biohorizon.
Stratigraphic position. In the Pezhenga section, C.
( B . )tscherr1~sche1t.i
was found above the level of C. (l?)
elrtmicre. According to its nlorphology, it is the ancestor
of Ca~/ochnn~o~rsserin
surensis. This enables positioning of the C . rscherrlyschewi Biohorizon between the C.
eltrtniae and C. strrrrisis biohorizons. The Prosek-Isady
and Uzhovka sections of the Nizhnii Novgorod area
yielded a similar form, which was identified as C. ( B . )
ex gr. tscherri~sche~ri
differing from the classic C. ( B . )
tscheniysche,t-i in its narrower umbilicus. The form
probably characterizes the C. surensis Biohorizon,
However, its occurrence below the level of C. suren.sis
is not improbable. The position of the C. rscliernvschewi Biohorizon above the C. eltrtrrzae Biohorizon
suggests its approximate correspondence to the middle
part of the Teruhrnrrrs Subzone.
Distribution. In Central Russia, the C . tsclier7i~~sc1re1t.i Biohorizon is established in the northernmost
Pezhenga section. Data on C. ( B . ) tschen~ysche\rifinds
in the lower Callovian beds near Saratov (KamyshevaElpat'evskaya et al., 1956, 1959) are do~~btful
and may
characterize a swollen variety of C. ( P ) elatriirre. The
biohorizon may be distinguished in the Pechora River
basin.
C. surensis Biohori:ori

Index species: Cadoclitrritolrsseritrsirrerisis (Nikitin,
1985). The lectotype no. 3611486, Sura River locality
(Nikitin. 1985, Plate 10112, no. 54) is stored at the
Chernyshev Geological Museum (St. Petersburg).
Nomenclature. The C. slrrerisis Biohorizon is distinct and well characterized by fauna in the ProsekIsady (Fig. 2, assemblage a5) and Uzhovka (Fig 3,
assemblage b2) sections, where it overlies, after an
insignificant interval, the C. elarriicie Biohorizon
(Gulyaev and Kiselev, 1999; Gulyaev, 1999).
Paleontological characteristics. Almost 80% of
the ammonite assemblage are represented by the subfamily Cadoceratinae, where dominant species is C.
s~rrunsis(Plate IV. fig. 2). Although its shells are variably swollen, this species is generally close to the classic narrow-shell type. Single specimens of Cahcercrs
(Br~ocatloceras)ex gr. tsclierripsc1ie~r.iSok. are characterized by inflated shell and moderately narrow
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umbilicus. C. (Pnrncndocerns) cf. pt-iniae~*~rrtr
Sas.
with slightly involute inner whorls is supposed to be
found at this level of the Prosek-Isady section. Microco~ichsof Cadoceratinae are represented by Costncrrclocerns aff. r~i~rrirlirrii
(Sas.), whose ventral side is narrower than that of C. ntlrndirrtt. The subfamily Gowericeratinae representing up to 1 0 8 of the ammonite
assemblage includes species Kepl~l~rites(Gorrericerrrs) irn:line Gul. and Toricellires pezlierigrre (Gul.).
In addition, the Uzhovka section yielded single forms
with closer spaced ribs, which are tentatively identified
as K. ( G . )cf./aff. ~rri:hne.The subfamily Macrocephalitinae constitutes only about 5% of the ammonite
assemblage. It is represented by the peculiar species
Mtrcroce/7lialites (Mncmcepholites) pa1~1ort.i Smor.
(Plate 11, fig. 3; Plate 111, fig. 2), whose narrow shells are
sharpening toward the ventral side of early whorls and
have lateral sculpture smoothening at the early growth
stage. About 1 0 8 of the ammonite assemblage belong to
the subfamily Pseudoperisphinctinaerepresented by several species of the genus Hortioeoplnrr~rlites.
Stratigraphic position. In the Uzhovka and
Prosek-Isady sections of the Nizhnii Novgorod area,
the ammonite assemblage of C. surunsis Biohorizon
succeeds the C. elntrltne assemblage after a minor interval. Probably, this interval includes ammonites similar
to C. ( B . )tschet-rtychetri. The stratigraphic position of
the C. slit-ensis Biohorizon suggests its position approximately corresponding to the lower part of the Knniptlrs
Subzone and, probably, to the uppermost interval of the
Terubt-ntlrsSubzone of the standard Henneyi Zone.
Distribution. The C. sirrerisis Biohorizon is recognized in the Middle Volga region and adjacent areas.

Index species: Cndochnnio~rssetin sirbpntr?nrs
(Nikitin, 1885). The holotype no. 3811486 from the
Sura River area (Nikitin, 1885, Plate ( 1 1 ) 13, fig. 58) is
stored at the Chernyshev Geological Museum of
St. Petersburg.
Nomenclature. The C. slrl~pntrlrusBiohorizon is
best manifested in the Uzhovka section (Fig. 3, assemblage b3), where it immediately overlies the C. sirrensis
Biohorizon. Single specimens of C. s~rb~mtrlnrs
(Fig. 2.
assemblage a6) were also found in the Prosek-Isady
section (Gulyaev, 1999).
Paleontological characteristics. Nearly 75-808
of the ammonite assemblage are represented in the
studied collections by the only species C. sirl~l~atrlnrs
of
the subfamily Cadoceratinae (Plate 111, fig. 3). This species marks the stage that resulted in appearance of
Cltnn~oirssetiaforms among Cadoceratinae. Within its
stratigraphic range, C. slrl7pntnnrs demonstrates a complete spectrum of morphological changes from the
forms similar to C. sirrerisis (Nik.) to those virtually
indistinguishable from Ch. ( ? ) sorntoverrsis Call. et
Wright. The subfamily Gowericeratinae represented by

Kely7lerites (Gotl.er.icer.crs)cf. riri:linr Gill., whose relative abundance is approximately 10-15%. The sub~lit~.~
family Pseudoperisphi~ictinae( H o ~ i i o e o l ~ l c r r i ~sp.
ind.) constitutes about 10% of the assemblage.
Stratigraphic position. The stratigraphic position
of C. sub/>ntnrlrsBiohorizon suggests its approximate
Subcorrelation with the middle part of the Kcrnrl~trr,~
zone of the standard Het-r-eyiZone.
Distribution. The C. s~rh/~ntrrrlrs
Biohorizon was
reliably established only in middle courses of tlie Volga
River.

Index species: Clmnroirssetiti ( ? ) snr.trtor~cvisisCallornon et Wright, 1989 (noni. nov. pro CIi. clitrnrorr.s.srti
(Sazonov, 1965, p. 38, Plate 9, Fig. l). The holotype
no. VI- 146128 from the Volga region near Saratov
(Kamysheva-Elpat'evsliaya et rrl., 1956, p. 47, Plate 19,
Fig. 57; 1959. p. 148, Plate I l, Fig. 5) is stored at the
Vernadsky Geological Museum.
Nomenclature. The Ch. snrtrto~~erisisBiohorizon
can be recognized only in the Uzhovka section (Fig. 3,
assemblage b4) (Gulyaev, 1999) above the C , srr1qxrtr.irlrs Biohorizon.
Paleontological characteristics. The s~~bfiuilily
Cadoceratinae represents approximately 75-80% of the
ammonite assemblage. According to morphological
characters, one macroconch Cl!. ( .')) .~nrato~~ensis
(Plate
IV. fig. 3) that was found car1 be referred to the genus
Clirrnioirssetin Douville. However, some archaic characters, such as slightly sharpened ventral side, absence
of oppressed carina. and coarser sculpture persistent in
ontogenesis, differ this species from represent:~tiveso f
the CIi. c~limiiolrsseti(Orb.) group of the Koerrigi Zone.
At the same tinie, it is very similar to Ccrrk)clitrrrtoi~.s.setin forms. Microconchs of Cadoceratinae are wpresented by rare Costtrcarlocerus (?) sp. ind. About 1015% of the ammonite fauna are represented by Kq7plerites (Gorr.er.icer-(1s)
ex gr. tor.ic*e/li(Opp.) from tlie
subfamily Gowericeratinae, and about 10% by
Honioeol~larrirlite.~
(?) sp, ind. froni tlie subfitniily
Pseudoperisphinctinae.
Stratigraphic position. In the scheme suggested
here. the Cl?.scrr-crtor-ensisBiohorizon is placed at the
top of the Elotriicre Zone. The assemblage including K.
( G . )toricelli. Horiioeo/~ltrrrirlite.s
spp., and other ammonites characterizes the lowermost K. tor.ic~lliBiohorizon of the lower Callovian Korriigi Zone in Germany
(Schwabia) (Callonion ut rrl., 1988, 1989). On this
basis, the CIi. .srrr~crto~*erisis
Biohorizon can be correlated, at least partially, to tlie lower beds of the sttuidard
Koeriigi Zone. However, tlie low preservation degree of
ammonites representing genera Ke/~pler.ites and
Horiioeq~lnnirlitesis an obstacle for their comparison
with counterpart froni Western Europe, where they may
be younger than in Central Russia. The precise correlation is also complicated by tlie ambiguous position of
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ily Gowericeratinae and a noticeable amount of representatives of the subboreal subfaniily Proplanulitinae.
The subfaniily Cadoceratinae represents in average
40-50% of the ammonite assemblage. The subfaniily
mostly consists of species of the subgenus Ccrcloceras
s.s. The genus Chrrntorrssetio Douville is also characteristic of the zone, especially of its lower part. These
groups are associated with relatively rare forms similar
") laetirrri Gul. (descendants of
to C. ( "B~~~occrclocerurs
the C. ( "B.") si~iirrlortsgroup). Their last whorls resemble those of Ccrc/(~crrcrsss., but the earlier growth
stages are characterized by more inflated shell decoKoeriigi Zorle
rated with radial ribs slightly curved backward. MicroIndex species: Prol~le~izr~lites(Proplniiulites) conchs of Cadoceratinae are represented by subgenera
Buckman and
koertigi (Sowerby, 1820). The lectotype was chosen by Pselrdocadocerrrs (Psetrck~caefocer.crs)
Sasonov. Some evolute forms bear
Buckman in England (1921, p. 36) and pictured by P. (No~~ocadocern.~)
similarity to the genus Costcrcnclocerns Rawson.
Arkell (1956, Plate 37, fig. 4).
The subfamily Gowericeratinae is also an important
Nomenclature. The Koeriigi Zone was distincomponent
of the ammonite assemblages (40-50 and
guished in the lower Callovian deposits of England by
occasionally
up to 70%). Its representatives KepplerBuckman ( 1913). Callomon ( 1955, 1964) considered
ites
(Go~c-ericems)
Buckman [M] and Toricellites
this stratigraphic unit as the lower subzone of the CallBuckman
[m]
gradually
reshape into Sigrrlocerrrs
oviense Zone. At present the lower Callovian of the
standard West European scale is again subdivided into (Sigalocerns) Hyatt [M] and Glrlielrr~irtnBuck man [m]
the Herl~eyi, Koenigi, and Collo~iensezones. The respectively, which are characteristic of the following
Zone.
Koertigi Zone includes the Gort.erinnlrs,Crrrtilobirs and Callo~~iertse
Forms of the subboreal subfamily Proplanulitinae
Galilaeii subzones (Callomon et al., 1988; Page. 1989).
The nomenclature of the uppermost Gnlilneii Sub- s s . (including one genus Proplnnulires Teisseyre) repzone is doubtful. Oppel (1862) used name Amm. gnli- resent as much as 15-20% of the ammonite assemlrreii for the form that was described by Orbigny ( 1847, blage. The subfamily Pseudoperisphinctinae is reprePlate 162, figs. 10, 1 1 ) as Anini. cnllr~~~iensis
Sow. Later, sented in collections by single specimens of Homoeothe original photograph by Orbigny was published by planirlites.
In some publications (e.g., Lahuzen, 1883), there is
Tintant (1 963, Plate 2 l, fig. l ) under name Sigoloceras
ccrllo~ic~nse.
However, specimen pictured by Buckman doubtful statement that some forms of the subfamily
(1922, Plate 290), but not that described by Orbigny, Macrocephalitinae occur in the KoCrtigi Zone of Cenwas chosen by Page ( 1 989) and other West European tral Russia.
Stratigraphic position. The Koertigi Zone of Cenauthors (probably, following him) as the lectotype of
K. ( G . )gc~lilaeii(Opp.) under the name Gnlilcreiceras tral Russia corresponds to the synonymous zone of the
gnlilcreii (Opp.). As is correctly noted by Meledina standard scale.
( 1 987), this ammonite is essentially different from the
Distribution. The Koe~tigiZone is recognized in the
original of Orbigny. In my opinion, it should be classi- subboreal areas of Europe, eastern Greenland and
fied as K. (G.)curtilobirs (Buckm.). In Fig. 7 (2) repro- Mangyshlak.
duced by Page ( 1989), K. (G.) golilneii (Opp.) also differs from the "lectotype" of Buckman resembling
instead K. ( G . )trichophonrs (Buckm.) intermediate in
morphology between K. (Go\t+ericercrs)and SignloIndex species: Kepplerites (Con-ericeras)derisicoscrrcz.s S.S.
tatlrs Tintant, 1963. The holotype from the Poix site of
In the Russian platform, the local Kepplerites cnllo- France is reproduced by Tiritant ( 1963, p. 14 l, Plate 15,
tierzsis-K. go~~.erierrtrrs
Zone was recognized long ago Fig. I).
in the upper part of the lower Callovian deposits above
Nomenclature. The K. c/erisicostnrrrsBiohorizon is
the Eltrt~rztreZone (Rrshrriifir..., 1955, 1962; Posr- best manifested in the Uzhovka section (Fig. 3, assemcrno~~lenie
..., 1978). Using the great similarity of blage b5). It is also present in the Prosek-Isady section
ammonite faunas from We\tern Europe and Russian (Fig. 2, assemblage a7), and probably in the lower Callplatform, Meledina ( 1986. 1 987 ) proposed to apply the avian section at the Cheremukha River. K. ( G . )clerisistandard biozonation to the upper part of the lower costntrrs was also found at the Unzha River locality.
Callovian in European Ru\c~a.
Paleontological characteristics. Slightly more
Paleontological characteristics. I n contrast to the than 4 0 9 of the ammonite assemblage of the Uzhovka
Elermiae Zone, the Kocv~i,qiZone of Central Russia section are represented by the subfamily Cadoceratishows an increased percentape ot form<of the subfam- nae, where Clinn~orrssrtia clicrriiorrsseti (Orb.) s.1.
the lower boundary of the Koeriigi Zone (Callomon
et al., 1988, 1989; Callomon, 1993). Until the moment
when additional data will be available, the Ch. snrcrtoveitsis Biohorizon should be included into the Elntrr~oe
Zone because of facies and paleontological affinity
(Gulyaev, 1999).
Distribution. The Cli. sal-ntol,eri.sisBiohorizon is
established in the Middle Volga region. Finds of its
index species suggest that this unit may extend into the
Volga region near Saratov and adjacent areas.
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Plate 11. Characteristic early Callovian ammonite species of Central Russia (full size)
( 1 ) Ke/~/'lei.ites(Go~~*er.icer.crs)
ctrr-rilobrrs(Buckman).no. Y865: ( l a ) side view. ( I h ) \.entral \:iew: the Prosck-lsatly section. Koc,r~i,qi
Zone. K. crrrtilobrrs Biohorizon. ( 2 )K. (G.) cl~r-tilobrrs(Buckman). no. 21827: (?a) side vie\\g. (2h) \vntrnl side: the Prosck-lsady zection. Koer~igiZone. K. crrr.tilobrrs Biohorizon. ( 3 )Mncrrn-el~hn/i/es(Mrrcrr~cel~l~rrlirps)
/JOI./~II.I
S~norodina.no. A 155 (28315). \'entrnl
side: the Prosek-lsady section. Elrrrrroe Zone. C. srrr-er~sis
Biohorizon (see Plate Ill. no. 2). (-1)Crrdoc~ei.rrs(Pcrr.rrc~rrrIocc~~~r~,s)
c~lrrtrrrtrc~
(Nikitin), no. A76: (4a)side view. (4b) ventral view: the Prosek-lsady seclion. Elnrrrroe Zone. C. clotrrroc~Hiohorizon.
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Plate 111. Characteristic c.;ll.l! C:IIIO\ inn ammonitc species of Central Russia (filll size)
( 1 ) Cer~loc~c~rur.~
(Br:~oc~trtloc~c~i~~\
I r ~ ~ ~ l r c ~ ~ . i i \ ~Sokolov.
c . c ~ l ~ c ~~ i~o~31587:
.~ i
( Ia ) side \.iew. ( Ih) apert~~ral
view: the Pe7henga section: Elnlrr,trcJ Zone. C. r.sclrc~rr~~.cc.l~c~~~
i Hit~liori/,~n.
( 2 1 hltrc~rz)c.cplrtrliic~.v
( M ~ c ~ r r ) c r / ~ l rpcri-1o11.i
e r l i ~ Smorodina. no. A 155 (38315). side view:
the Prosek-lsady section. //or,ii,,~ Z ~ n i . .C. \rr~.c~ri.\.i.vHiohoriron (sec Pl:~le 11. no. 3). (3) Cnt/oclrarrrc)rr.s.~ctio
srrl>ljrrtr.~r~r.s
(Nikitin).
no. 511 159: (3a) side vie\\. ( 7 h 1IILL\ lr,p~ll[lit rno~tlh:the Uzhovka section. Elntrrrrrc~Zone. C. ~ll!J/J(l/r?ll1.5
Biohorizon.
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[?=Ch. ~d~illip.si
Call. et Wright, CIt. b~rckrlioriiCall. et
Wright] (Plate VI, fig. 3) is principal dominant species
that demonstrates wide variations. Clior~tolrssetia
microco~ichsoccur in abundance. In contrast, specimens of Cntlocerns and Pselrdocadocerns s s . are rare.
The subfamily Gowericeratinae also represents more
than 40%of the ammonite assemblage. Its representatives K. ( G . ) derisicostat~rs(Plate I , fig. 3; Plate V, fig. 2)
are distinct from forms of the subgenus K. (Go\c.ericeras) of the Elatr~iaeZone, as they have more involute
whorls and wider spaced, coarser primary ribs on the
mature body chamber. Microconchs of Gowericeratinae are represented by Toricellites lahlrserii (Par. et
Bon.). Species Proplarilrlites (Proplan~rlites)cf. s~rbclrneijorrtris Buckm. and others of the subfamily Proplanulitinae constitute approximately 15% of the ammonite
assemblage. .
Stratigraphic position. In Germany (Schwabia),
species K. ( G . ) de~isicosrntlrs.Cl?.cf./ aff. phillipsi and
P. ( P )cf. srrbc~rrreiforrnisare reported from the M. niacroceplinllrs Biohorizon of the upper part of the Go~cverinrilrs Zone (Callomon et al., 1989, 1992).Accordingly,
there is a reliable correlation between the K. densicostntlrs Biohorizon and this standard stratigraphic level.
Distribution. The K. densicostarus Biohorizon evidently occurs in many areas of Central Russia.

Index species: Kepplerites (Goti*ericeras) curtiloOlrs (Buckman, 1922) [=K. ( G . )cnrcifer (Buckm.), ? K.
( G . ) gnlilneii (Opp.) sensu Buckman, ? K. ( G . ) indigestlrs (Buckm.)]. Photograph of holotype from Yorkshire,
England, was published by Buckman ( 1922, Plate 294).
Nomenclature. The K. cur-tiloblrs Biohorizon was
first distinguished at the base of the Clrrtiloblrs Zone of
England (Callomon et al., 1988). In Central Russia, the
synonymous biohorizon was recognized in the ProsekIsady section (Fig. 2, assemblage a8) (Gulyaev, 1999)
arid in the sections of Alpat'evo (Fig. 5, assemblage
dl), Akatovo, and Manturovo-Znamenka sites.
Paleontological characteristics. Approximately
40% of the ammonite fauna are constituted by the
diverse Cadoceras (Cadoceras), C. ( "Bnocadoceras "). Pseuclocodocerns (Pse~rclocrrdocercls),and
P. (Not~ocadoceros)species of the subfanlily Cadoceratinae. Most common forms are C. ( C . ) t o b e Buckm.,
C. ( C . ) ex gr. sokolo~~i
Kiss, P. ( F ) boreale Buckm., and
P. (P?)aff. ~ ~ ~ l t i t k oCall.
~ i i i et Wright. Single Chariiorrssetin specimens may also occur. About 40% of the
ammonite assemblage are represented by the species K.
( G . ) clrrtiloblrs (Plate 11, figs. 1, 2) and Toricellites clrrticorrz~ttlrsBuckm. of the subfamily Gowericeratinae.
These species marks the next evolutionary stage of the
genus Kepplerites. The former differs from the index
species of the preceding biohorizon by its more involute and higher whorls, finer and closer spaced ribs at
the early and intermediate growth stages, and by widely

spaced and thick primary ribs on the mature body
chamber. The subfamily Proplanulitinae represented by
several species of the genus Pr~)pltrrrlrlitesconstitutes
about 209 of the ammonite assemblage.
Stratigraphic position. In England, species K. ( G .)
clrr?ilob~wand C. ( C .) t o l y are
~ confined to the synonymous biohorizons established in the lower and middle
parts of the Clrr?ilohlrsSubzone (Callonion et al., 1988,
1989; Page, 1989). Thus, the biohorizon uncler consideration can be correlated with this stratigraphic level of
the standard scale.
Distribution. The K. crrrtilohlrs Biohorizon was
distinguished in England and Central Russia. Found
index species suggests its occurrence in the south of
European Russian and in Mangyshlak.

Index species: Kel?/~lerites (Gnt~.eric.er.cr.s)tricliophorlls (Buckman, 1922).The holotype from Yorkshire, England, is pictured by Buckman (1922, Plate
29 1 ).
Nomenclature. The K. tr-ichophorrr.~Biohorizon
was established in the upper part of the Cur-tilo1)lr.sSubzone of England (Callomon et al., 1988). In Central
Russia, the synonymous biohorizon is recognized i n
the Prosek-Isady section (Fig. 2, assemblage a9)
(Gulyaev, 1999). Specimens of K. ( G . ) tr.icliol~1ior~~r.s
were also found at the Unzha River.
Paleontological characteristics. The biohorizon is
reliably characterized only by the index species. (Plate IV,
fig. I).
Stratigraphic position. In England, K. ( G . ) tr'icliophor?rs is mainly typical of the synonymous biohorizon in the upper part of the Clrr~ri1oh~r.s
Subzone (Callomon er al., 1988, 1989).As stated above, this species
seems to be indistinguishable from K. ( G . ) grrliltr~~ii
recovered from the synonynious subzone and biohorizon of Wiltshire and pictured by Page ( 1989, Fig. 7 (2)).
Thus, the K. trichopliorlrs Biohorizon can be correlated
with the upper part of the Curtilohlrs Subzone and with
the Galilaeii Subzone of the standard scale.
Distribution. The K. rricliol~1iorlr.sBiohorizon was
recognized in England and Central Russia. It may also
be present i n Mangyshlak (Repin and Rashvan, 1996).
K. (C.) cf. tricliol~liorrrswas reported as well from the
CIi. pliillil~si Biohorizon of eastern Greenland (Callomon, 1993).

Index species: Sigalocertrs (Sigc1/o('e1~16)
ccl//ol'ierise (Sowerby, 1815). The lectotype was chosen in
England and described by Arkell (1933, Plate 36, fig. 5).
Zone was initially
Nomenclature. The Ccrl1o~~ierr.se
distinguished by Oppel (1857) as a peculiar upper
Beds of England
interval of the Ariini. ~irncrr)c-el~Iinlrrs
(approximately the entire lower Callovian Substage).
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Plate IV. Characteristic early Callo~ianammonite species of Central Russia (full sire)
(Gou~ericc~/n.r)
t~~ic~lrol,lror~rrs
(Buckman). no. A 10: ( l a ) sidc view. ( I b) ventral side): the Prosek-lsady section.
(I ) Ki~l~l~lcrites
Koi211igiZone. K. /riclrcl,lror~r,~
Hiohori7on. (2) Cirtloc~lrtr~~rorrssctic~
srrwr~.sis(Nikitin). no. A 132: (20) side view. (2b) apcrttlral view:
C. srrru~rl.sisHiohorizon. (3) Cl~irrr~orrssi~/irrf?).rnrcr~o~~i~r~.sisCallo~non
et Wripht. no. 511 142:
the Prosek-lsady section. Eltr/~rrtrc~Zonr.
(3a) side view, (3b) ventral vie\\ : thc L ' ~ h okn
\ section. El'lnt~rrn~
Zone. Cl].scrrtr~o~~errsis
Biohorizon.
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lished by Callomon (1955), who noted that ( I ) they
mark significant faunal chrrnges and (2) virtually coincide with the boundaries initially recognized by Oppel.
In both scales, the suggested position of the lower-niiddle Callovian boundary is not indisputable. It is difficult
to evaluate objectively the fauna1 changes at the upper
and lower boundaries of the Ertorlotlrrit Zone because
the defined taxonomic affiliation of the index species is
subjective. The boundary between the Aritnt. rrttrc*mcel~ltnllrsand Antni. crrtcel,s zones of Oppel ( 1857),
which approxinlately correspond to the lower and middle Callovian, respectively, seems also uncet-tain from
the standpoint of recent detailed subdivision.
Thus. if we consider "the triad of Arkell" (Arkell,
1946) as basic for positioning of the lower-middle
By analogy with the standard zonation, Meledina Callovian boundary, the criteria of prior.ity ancl .\irittrl~il( 1986, 1987) suggested to distinguish the Cnllot~iertse it! would be ambiguous. and we should be guided only
Zone (Subzone) in the upper part of the lower Callovian by the last criterion of rrscr,qe. Since the mqjority of
of European Russia. However, she did not consider the researchers (Callonion ct al., 1988, 1989; Page, 1989;
., 1997;
Ertodnt~rniSubzone as the terminal subdivision of the Repin and Rashvan. 1996; Biostr-c~tigr-trphie..
lower Callovian. She included the species S. ( C . ) erto- and others) consider the Ertoclcrtrrrit Subzone ns a subdicklr~rrtrand similar forms described by Buckman into vision of the lower Ctlllovian, I support their opinion to
the genus Kosrttocerns Waagen. In her opinion, these avoid contradictions.
species are characteristic of the basal Jasort Zone of the
Paleontological characteristics. In contrast to the
middle Callovian. This opinion is hardly acceptable previous zone, the C a l l o t i e ~ t sZone
~ of Central Russia
because of the following reasons. ( I ) None of special- is virtually lacking the subfamily Proplanulitinae,
ists doubts that the subgenus Sigoloceros (Cotnsigalo- whereas the subfamily Pseudoperisphinctinae turns out
cerns), including the species under discussion and its to be the dominant group in its amnionite assemblages
synonyms described by Buckman, is intermediate beginning from the middle part of the zone.
between Sigalocerns s s . and Kosrttocerns (ClrlielntMost significant in many ammonite assemblages is
ites). In practice, taxonomy of such intermediate
the subfamily Gowericeratinae represented by species
groups is frequently defined by tradition (when other of the genus Si~olocer-trsHyatt, which have, in contrast
facts of the case are equal). (2) The phyletic succession to the ancestral Kel~l~1erite.s
(Gor~-rr.ic.er.crs)
forms, tlie
Sigalocerns ss.-S. (Cnrnsignlocerns)-K. (G~rlielrtiires)
relatively high fine-ribbed whorls and narrow ~~mhilisuggests that S. ( C . ) enodnrlwt appeared earlier than its cus. These species are lacking the developed lateral
ancestors K. ( G . ) nieden (Call.) and K. ( G . ) jnsort spines, and primary sculpturing of their mature body
(Rein.), which are subzonal index species in the Jnsorz chamber is strongly reduced. sometimes co~iipletely
Zone (Callomon, 1955). (3) In the Alpat'evo and (the secondary sci~lptureof younger for~iisis reduced
Nikitino sections, S. ( C . ) ertodntlrnt was actually found as well). Macroconchs of Gowericeratinae are reprebelow the levels with the mentioned middle Callovian sented by the subgenus S. (Si,qciIocertrs)in tlie lower
index species. Thus, it is obvious that the E~todntlrrtt part of the zone and by S. (Ctrttr.si~trloc.er~trs)
Buck~iian
and Jnsort zones should not be considered as strati- in the upper one. Shells of the latter are flattened and
graphic units of the same level.
smaller, thus being similar to shells of the middle Call(Gi,lielrnirc~.s)
Buckman.
However, the problem of the lower-middle Callov- ovian subgenus ~~srrtocer.tr.s
ian boundary is still unsolved. The Ke/?plerires ertodnThe subfamily Cadoceratinae is wiclespread
tlrrrt Zone was originally distinguished by Sazonov throughout the zone. Its niacroconchs ilre repre5ented
( 1953) in the basal middle Callovian of European Rusby species of the subgenus Ccrtlr~c.er-(IS
(Ctrtloc.c~r-trs)
sia earlier than the synonymous subzone independently Fisher, which demonstrate tlie gradual morphological
recognized by Callomon at the top of the lower Callov- transition to the ii~bgenuiC. (Rorttlic-er~r~)
Troitdayn
ian in England. Sazonov placed the Kepplerires eenoh- (reduction of sculpture, flattening of increasingly invotlrrti Zone above the Kep~~lerires
callot*iensis Zone and lute early whorls, and widening of umbilicus at the later
below the Kosritocerns ktrson Zone, i.e., at its present growth stage^). Leii frequent forms are repreientntive\
level in Western Europe. The substage boundaries in of C. ( "Br:~,oc.ntIoc~er-cr~
") (descendantc of the group of
the current standard scale of the Callovian were estab- C . ( " B . ") lcrerlriii Gul.) having wide wliorl~with radial
ribs. Among two microconch groups of Cadocerntinne,
The Grorltrflllr~Zone was first mentioned by Hrinkmann (1929).
the
first one is repreqented by flattened involute and
However. Callomon (1965) stressed that Brinkmarin applied
finely ribbed species of P.~eirrloc-rrcl(~c~~~~~tr.\
(P\c~irt/oc*rrternls LOIIC and s~rh;or~e
to stratigraphic ranges of individual species distinguishing as many as five zones in some sequences.
t10cer.a~)Buckman, and the iecond by ni~tleriltelyevoThe Cnllo~~ierzse
Zone was subdivided by Callomon
(1 955) into three subunits: the lower subzone equivalent to the Koertigi Zone established by Buckman
( 1 9 13), the middle nominal subzone, and the upper
Plnnicercl~rsSubzone. Later Callomon ( 1964) came to
the conclusion that the forms described by Buckman
( 1 923) as Signlocerns (Cnttrsigalocerns) plnnicercl~rs,
S. ( C . ) crispntlrrit, and S. ( C . ) c~rnicerclirsfrom the
Callovian deposits of England are synonyms of S. (C.)
ertoclcrrlrrit (Nikitin, 1 88 1 ) from Central Russia. This
allowed him to rename the Plnrzicerrl~~s
Zone into the
Ertodatum Zone. I At present the Koertigi Zone is authorized as an independent unit, and the standard Cnlloviertse Zone is subdivided into the Cnllotiense and Erzodntirnz subzones (Callomon et al., 1988; Page, 1989).
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Plate V. Characteristic earl! Callo\ i;~nammonite species ot Central Kilssla ttull size)
(1) Sigcrlocerrrs (Sig~/oc,c>rac)
c~o/lo~~ic~rl.sc~
(Sowerby). no. A60: ( l a) sidc view. ( I h) ventral view: the Pmsek-lsady section. C r r l l o ~ ~ i cJrlsc. Zone. S. cnllo~~ic~r~sc~
Hiot1o1-ircrn.I2 ) k'c./y/~~.ite.s
(Go~~,i~ricercr.s)
tki~rrsicosrnr~r.~
Tintant. no. A35: (2a) side view. (2h) ventral
Zone. the K. il~rrsicosta/~rs
Hiohorizon. ( 3 ) Sigalocer.cr.s (Cu/ir.sigrrlocerirs) ~ r l o ~ l o / ~ ~ r r t
side: the Prosek-lsady section. rlir Koc~r~ipi
(Nikitin). no. 711 250: (3a) sick \ ic\\. r 3 h ) \ entrnl side: the Nikitino section. C ~ ~ I I O I . I ' L Zone.
, I I S ~ S. erro~/~~/rrrrr
Hiohorizon. (4) S. (SigtrIr>c.l~r.ns)
c~rllo~~ierise
(Sowerh! ). no. A5.q: t 42) \idc view, (4b) ventral view: the Prosek-lsady section. Ccrllol,ierise Zone. S. ctrl101.ierisr Hiohorizon.
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Hate VI. Characteristic early Callovian amnlonite s p i e s o f Central Russia (actual size)
(1 ) M(rcr'~ce~~halites
(h4nc.rnce/~Anlires)
rc11grreGulyaev. hjlotype no. 211251 (28213,: ( lab side view. ( Ih ) \,cntrnl view: the Proscklsady section. Elcrtrtrna Zone. C. elrrtrrrne Riohorizon. (2) Kupl~1t~irc.s
(Gntiut.irc~rus~
rur:lrcru Gnlynev. holotylw nu. 31l()07 r 28217):
(?a) side view, (2h) ventral side: the Pezhenga seclion. the Ekirttrae Zone. the C. 1.vc.lr~r7ry.rclrc~\r.i
Hio1iori;ron. (2) Clrc~rrrorrs.rc~ritr
chnnrorr,rseti (Orhigny). no. A 124: (h)
side view. (3b) ventral view: the Prowk-lsady section. Koerti,qi Zo~ie.K. tlc~rrsic~orrttrrrs
Riohorizon.
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lute and coarsely ribbed species of P. (No~~oc.ciciocer.ns)(Buckm.)]. The lectotype no. 2611 344 from the Elat'rna
Sasonov.
locality at the Oka River (Nikitin, 1881, Plate 10 (3),
The lower part of the zone yields rare younger rep- figs. 12. 13) is stored in the Chernyshev Geological
resentatives of the subfamily Proplanulitinae (Proplern- Museuni of St. Petersburg.
lrlites (Crezssil~l~nlrlites)
Buckman), while the upper
Nomenclature. The S. erlorlclt~rr~l
a, P, and y biohoone bears a noticeable amount of Ho~~toeo~~lan~rlires
rizons were established in the Erlntltzrlrnr Subzone of
(Arlaplarrlrlites) Buckman, Irltlospltinctes Spath, and England (Callomon et al., 1988; Page, 1989). In CenChc?fjiritr Siemiradzki forms representing the subfam- tral Russia, the S. ertoclatlrnl Biohorizon was recogily Pseudoperisphinctinae.
nized in the Alpat'evo (Fig. 5, assemblage d3) and
Stratigraphic position. The Calloviense Zone of Nikitino sections.
Central Russia corresponds to that of the standard
Paleontological characteristics. The ammonite
scale.
assemblages are usually dominated by extremely variDistribution. The Ccrllo~~ierlse
Zone is recognized able ~nacroconchsS. ( C . )erlodarln~l(Plate V, fig. 3) and
in subboreal areas of Europe, eastern Greenland, and by microconchs Guli~l~ninci
(?) ~rnterior(Brinkm.)
from the subfamily Gowericeratinae. The subfamily
eastern Caspian Lowland.
Pseudoperisphinctinae is also abundant and frequently
prevailing in the assemblages. Forms similar to
Ho~loe~l,lo~llrlire~~
(Arlcl/7lern~rlirc.s)
clifficilis (Buckm.)
Index species: Sigalocercrs (Sigclloceras) ctlllo\.i- were found as well. In the Nikitino and Alpat'evo sections. this biohorizon also yielded Irlrlosphirlctes
ertsp (Sowerby).
spp. and Cllc?fjrtio(Cl~qfsnti~z)
spp. The
Nomenclature. The S. callo~~iense
Biohorizon was (lrl(iosl>lrinctes)
distinguished at the base of the Callo\~ienseZone in subfamily Cadoceratinae is usually less abundant than
England (Callomon et al.. 1988). In Central Russia. it other groups. In the Nikitino section, macroconchs of
was established in the sections of Prosek-Isady (Fig. 2, this family are niainly represented by forms similar to
assemblage a10) (Gulyaev, 1999), Alpat'evo (Fig. 5 , Cocloceros (Ccrclocenrs?) rscllyfiirli (Orb.) and to C.
(Nik.). The Cadoceratinae
assemblage d2), Manturovo-Znamenka, Ivkino, and (Rorltiict~ms)n~ilnsche\~ici
microconchs are classed with Pse~rcioc~rlocerns
Nikitino localities.
(P.~errcloc~atiocenrs)
horttoeon~orpl~~rrll
Kiss. and P. (NoPaleontological characteristics. Nearly W 7 0 % r.oca~locernscf. s ~ ~ r n e r(Sas.).
l~e
of the ammonite assemblage are represented by S. (S.)
Stratigraphic position. According to succession of
collor~ierl.~e
(Plate V, figs. 1 , 4) and G~rlielrnirtaquirtqlrel~lic.titaBuckm. species of the subfamily Gower- transient varieties of the index species, several biohoriiceratinae. The subfamily Cadoceratinae is frequently zons with S. ( C . )rnockrrum were recognized in the ElmI
of England. In Central Russia, the
next in abundance. Macroconchs are dominated by C I C I ~ ~ I I I Subzone
S.
enocitrrrrrit
Biohorizon is considered as an
undivided
forms similar to Catlocer-trs (Carlo(-eras) slrh1ae1-e
(Sow.) and associated with rare shells of C. ("Br:vocn- analogne of the entire synonymous subzone of the stantlocer.crs") cf./aff. kierlrnl Gul. The Cadoceratinae dard zonation.
microconchs are represented by several of Pselrht.aDistribution. Outside eastern Greenland, the
elocer.rrs s.s. and P. (No\~o~.cre/oc~e~~c~.~)
species. and also S. errotlntlrnl Biohorizon (biohorizons) has almost the
by ammonites siniilar in morphology to Costaca- sanie distribution range as the synonymous zone.
eir>cer-trsforms. The subfamily Proplani~litinaeinclud(C~.trssi/~/crrl~rlites)
sp. is a minor
ing rare Prq~lan~rlirc~s
CONCLUSIONS
component of the ammonite assemblage.
Analysis of vertical ranges of ammonite taxa in
Stratigraphic position. In England, species S. (S.)
c~erllo~~ien,sc~
and C. ( C . )slrhloe~-eare confined to the S. some Middle Jurassic sections of the Nizhnii
c~cillo~~ier~.~e
Biohorizon of the lower part of the Callo\*- Novgorod, Moscow, and Yaroslavl areas revealed the
ierlse Subzone (Callomon
al., 1988; Page, 1989). successive fauna1 (species) assemblages stratigraphiThis correlates the biohorizon under consideration with cally corresponding to biohorizons. This was used to
the respective stratigraph ic level of the standard zona- work out the detailed infrazonal scale for the upper
Bathonian-lower Callovian of Central Russia. The
tion.
Distribution. Accordiny to the index species finds, indicated stratigraphic interval comprises four zones
the distribution of the S. crrllo~.ic~t~se
Biohorizon is as and 13 biohorizons, most of which are well correlative
with the standard units of Western Europe.
that of the entire zone.
The lowermost Ir!finllrn~Zone includes the C. ir!fin t i r r r l and C. cf.1aff. i r z f i ~ ~ l r ~biohorizons.
r~r
This zone
marks an earliest formation stage of the East European
$ 1 : ~ o l o c ~ ~enor ~ r , ~ sea
) that represented an Arctic bay at that time. AmmoIndex species: Si,qcrloc
rlatlrrll (Nikitin, 188 1 ) [=S C L I l\;vrrlr~lr(Ruckm.), nite assemblages of the zone contain only boreal taxa
S. ( C . ) c.lrr.~ic.er.c.llr~
(Buchnl I. ' C C 1 ~ ~ I ~ I I I I ( ~ ~ ~ (Cadoceratinae
I~~~/~I.\
and Gowericeratinae). The sharp geo(
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graphic differentiation of ammonite faunas is an obstaZone with
cle for the direct con-elation of the Irzjn~irri~
the standard scale. According to its stratigraphic position relative the Elatrtrae Zone, the zone in question
must correspond approximately to the Discrrs Zone
and, probably, to an upper part of the Or-/>isZone of the
standard upper Bathonian zonation.
The next Elatriiae Zone includes M . jocqrroti.
C . elatrtine, C. tsclte~-~~ysclterr.i,
C . sirrensis, C. nrbpotririrs, and Ch. sararovensis biohorizons. The lower
boundary of the zone is dated by the time, when the
East European basin became connected with the
Tethyan seas and developed under subboreal conditions. Boreal elements (Cadoceratinae and Gowericeratinae) dominant in the ammonite assemblages are
combined with representatives of Tethyan taxa (Macrocephalitinae and Pseudoperisphinctinae). Basing on
correlation of some stratigraphic levels, the Elotrnae
Zone as a whole is considered to be analogous to the
lowermost Henleyi Zone of the standard Callovian
scale.
The Koerrigi Zone includes K. rlensicostarirs, K. curtilobirs, and K. tr-ichophonrs biohorizons. The zone
marks widening connections of the East European
basin with the West European seas. The low-boreal
(Gowericeratinae) and subboreal (Proplanulitinae)
taxa, along with the high-boreal (Cadoceratinae)
groups, become significant components of the ammonite assemblages of that time. The Koertigi Zone of
Central Russia corresponds to the same standard zone.
The Callovierlse Zone crowning the lower Callovian
zonation includes the S. colloviense and S. eaorlatirm
biohorizons. Like the preceding zone, it corresponds to
the time of widening connections between the East and
West European basins. The low-boreal (Gowericeratinae) and Pan-Tethyan (Pseudoperisphinctinae) taxa
became important components of the respective ammonite assemblages. The Callo\iense Zone of Central
Russian corresponds to the same zone of the standard
scale.
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