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INTRODUCTION

The Sakmarian stage was established by R UZHENTSEV (1936 ,1950,1951) . Its type section (stratotype)
is located on the right bank of the Sakmara Ri ver, north of Kondurovka St ation. The lower part of the
section is assigned to the Asselian stage, whereas the upper part (the Sakmarian stage) is represented by
the Tastubian and Sterlitamakian regional stages. A layer-by-layer description wa s presented by R UZHENT­
SEV (1951) who de scribed ammonoids and subdivided the section into six formations: Uskalyk and
Kurmain formations in the Asselian and Kararnurun, Sarabil , Maloik and Kondurov formations in the
Sakmarian. RAUSER-CHERNOUSSOVA (1965) defined fu sulinid zones for both the Asselian and Sakmarian
parts of the section. Lower Permian conodonts were fi rst recovered from the South Urals by KOZUR and
MOSTLER (1976 ) and KOZUR (1978 ) who de scribed sev eral species ranging in occurrence from Asselian
to Artinskian deposit s. MOVSHOVICH et al. (1979) and ISAKOVA (1989 ) reported conodonts from the
Sakmarian stratotype section (Table 1). Intensive studies of the Lower Permian conodonts of the South
Urals made it possible to establish the detailed conodont zonation for thi s region (BARSKOV et al. 1981;
BARSKOV 1984; AKHMETSHINA et al . 1984; M OVSHOVI CH 1984; ISAKoVA and NAZAROV 1986; C HERNYKH
and CHUVASHOV 1986; RESHETKOVA and CHERNYKH 1986; CHERNYKH and RESHETKOVA 1987, 1988;
CHUVASHOV et al. 1990; KOZUR 1995, 1996; BARSKOV and R EI MERS 1996; CHERNYKH and RITTER 1997).
The mo st detailed As selian and Sakmarian zonal scheme (Table 2) was proposed by CHERNYKH (1986 ,
1988). It was based on the analysis of stratig raphic ranges and evolution of new species of Streptogna­
thodus and Mesogondolella discovered in Lower Permian deposit s of the we stern slopes of Urals and the
pre-Urals Region. However, the chronos tr atigr aphic validity of conodont zones is debatable, especially
because their correlation with fu sulinid zones is poorly proven (hardly any of the conodont zones have
been cross-correlated to the coeval fu sulinid assemblages.

This paper documents the conodonts of the Sakmarian stra toty pe section and correlates the conodont
zones with the Lower Permian fusulinid zones of the Urals.

CONODONT DISTRIBUTION AND OTHER CHARACTERISTICS OF THE
SAKMARIAN STRATOTYPE SECTION

My investigation indicates that within the Sakmarian stratotype section (Fig. 1) there are 21 levels that
contain conodont fauna . The conodonts are abundant in the Asselian sediments (the lower part of the
section), but less common in the Sakmarian, where they are confined primarily to the Tastubian regional
stage (Karamuru n and Sarabil formations). Conodonts are rare in the Sterlitamakian regional stage .
Samples collected to obtain conodonts provided also fusulinids that allowed for cross-correlation of my
data with "beds" established by RUZHENTSEV (1951) and "members" recognized by RAUSER-CHERNOU­
SSOVA (1965).

The lower part of the section corresponds to beds 1-5 of the Uskalyk formation (after RUZHENTSEV)
or to lower part of member 2 (after RAUSER-CHERNOUSSOVA). It is composed of limestones, sandy
limestones, and clay s. The limestone beds (samples 34, 36,40,45) are thin and contain Streptognathodus
simplex G UNNEL, S. elongatu s G UNNEL, S. wabaunsensis G UNNEL, S. nodulinearis CHERNYKH et RESHET­
KOVA, S. barskovi KOZUR, S. longissimus CHERNYKH et RESHETKOVA, as well as isolated fragments of
Mesogondolella sp. tentatively assigned to the M. bisselli group. The beds were attributed by RAusER­
CHERNOUSSOVA (1965) to the Spha eroschwagerina moelleri-Pseudofusulina f ecunda Zone. This part of
the section also contains fusulinids Sphaeroschwagerina constan s SHERBOVICH, S. shamovi SHERB OVICH,
Pseudo schwagerina beedei uralensis RAUS ER, Pseudosch . aktjubensis RAUSER, Pseudofusulina paragre­
garia RAUSER, Ps. decurta KORZHENEVSKY which are indicative of Middle Fu sulinid Zone of the Asselian.
This part of the section is about 100 m thick.

The beds 6-8 (after RUZH ENTSEV) or the upper part of member 2 (after RAUSER-CHERNOUSSOVA) are
composed of limestones, sandy limestones and clays with dark platy-limestone intercalations (samples
46, 48). The conodonts include Mesogondolella longifoliosa CHERNYKH (PI. 1: 15), M. striata CHERNYKH
et RESHETKOVA, M. foliosa CHERNYKH et RESHETKOVA, as well as Streptognathodus elegantulus STAUFER
et PLUMMER, Idiognathodus delicatu s GUNNEL. and Neognathodus sp . However, considering that redeposi-



CONODONTS OF THE SAKMARIAN STRATOTYPE SECTION 263

e zone.s
<I OJ "'" c:

~eo E :9 0

" "8 ~Vi ..'2 ~ c ~.2 0 i ~c

.

. ....

:-e
"-ee
0

:<:
f-- -

::: '" --0 -
'"'" - ::: f- . ...,

~
<".

"'"'0 - 85-;;;
~

- -- 1-- - - -

I I I - 81
] 0

'" I I Ic
:0 " .;;:: 0-co ...,

N. ;: "
e c- ...,
~~ '" Nco :oJ ~

00

E en ,, '" 1: I I
~ " E 79cco "":.~ " I I ICI)

Q. ;' ,g = 79.!!
~ - --
~

- 77
'1:: '"~ '"'"" '"

c ~ ~
2 .5 - r-. --
::l N

E :; V1 .-
~

..., V1

~
- _ 76:<:

"" I"" _ 74et
-;;;

u s 66' t: l::3 <:l ...
" '" '1:: - - 64{.2. ;;; I I I

-% 0 ... I I = 61
c ..., " - - 60" '" "'<;

.~ ~ " I I IE
.., _ 59" ..., ~

::l
~~ ~ I I - 58:<:

""" " 0- <". I I I - 54
""," .'§u" I I _ 52..., ..., ....

I--- E~ ~ - 48-" ~ 00
C <:l.s "'" -0 I - 46u ~
'" - 45'" ~-t ~

"'" E ~
.~

s-,
-;;; ~ ~"'"~ "" , ;;; V1 _ 40~ "

~ 'r:~ § - e-r

~~~ u _ 36":i
~§ et I I - 34

198m

500m

120m

175m

135m

150m

Orenburg

(J
~\

~ ~ G G locat ion of study
limestone --- clay sample no. sections: 1- Sakmarian Stage stratotype,

2 . Bol'shaya Syuren R.,
3 - Ajdaralash spring

E2:i3 sandstone m sandy a thick
limestone

Fig. 1
Location and columnar section of Sakmarian stratotype section.

tion was common in the Early Permian in the South Urals area (ROZOVS KAYA 1952; RAUSER-CHERNOU·
SSOVA 1965), the above species, common also in older strata, were most likely reworked. This interval is
characterized by the followi ng fusulinids: Pseudofusulina aff. firma SHAMOV, P. delicata KORZHENEVSKY,
and P. postpusilla BENSH. This part of the section is about 50 m thick.
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Table I
Litho- and biostratigraphic subdivision of the Sakmarian stratotype section.

RUZIIENTSEV 1951
RAUSER-CIIERl"OUSSOVA MOVSIIOVICH

[SAKOVA 1989 Thi s paper1965 et al. 1979(Ammonoids)
(Fusulinids ) (Conodonts)

(Conodonts) (Conodonts)

Kondurov fm.
Swe etognatus Mesogondolella

Sterlitamakian withei bisselli
Zone Zone

Maloik fm.

<::

'"' C
<:: '" Pseudofu sulina= Neogondo lella'" ..;;: Sarab il fm. verneuili.§

'" bisselli, Mesogondole lla Mesogondo lella.... en Zone<) ldiognathodusQ., Tastubian bisselli uralensis....
Pseudofu sulin a delica tus, Zone<) Zone

~ Caenodontus sp.0 Karamurun fm. moelleri
-l

Zone complex Zone

Sphaeroschwagerina Mesogondolella
Mesogondolella

Kurmain fm. sphae rica. Pseudofu sul ina striata
striata. M.

<:: firma Zone Zone
ps eudostr iata

'" Zone
<)
C/O

Sphu eroschwagerina MesogondolellaC/O

-c
moelleri. Pseudofusulina dentiseparata,

Streptognathodu s
Uskalyk fm.

fe cunda Streptognath odu s
constrictus

Zone constrictus Zone Zone

Higher up, the section consists of dark massive aphanite limestones (Kurmain Formation) that correspond
to the RUZENTSEY bed 9 or RAusER-C1IERNOUSSOYA member 3. These limestones are interbeded with dark
cherts (up to 5 cm thick), or rarely, with sandy limestones rich in organic detritus. The rare, sandy limestone
interbeds (samples 52, 54, 58, 59) yielded Streptognathodusfusus CHERNYKHet RESHETKOYA, S. cons trictus,
small specimens of S. simplex , as well as specimens of Mesogondolella aff. obliquimarg ina ta CHERNYKH,
M. simulata CHERNYKH et RESIIETKOYA, M. Iongifoliosa, M. stria ta. Neogna thodus dilatus (STAUFER et
PLUMMER), Strep togna thodus elegantulus, and Idiognathodus toret zianus KOZITSKAYA. Note, that these
species were also found in older samples (46, 48, see above), and most likely were redeposited from older
strata. The member 3 was tentatively correlated to the lowermost part of the Upper Fusulinid Zone of the
Asselian, though its non-typical fauna is more similar with the Middle Fusulinid Zone assemblage, and lacks
Upper Zone forms (RAUSER-CERNOUSSOYA 1965: p. II ). These limestones are about 100 m thick .

Higher up the section (samples 60, 6 1, 64, 66), massive aphanite limestones are replaced by a breccia-like
limestone with fragments of bryozoa, foraminifers, crinoid, pseudooolites and limestone pebbles (these strata
correspond to RUZHENTSEY'S beds 10-1 4 and RAUSER-CIIERNOUSSOYA'S member 4). The breccia-like lime­
stone contains small specimens of Streptognathodus postfusus CIIERNY KII et RESHETKOYA, S. fusus, S.
constrictus, Mesogondo lella Iongifoliosa , abundant forms transitional to M. lata CHERNYK H as well as M.
striata , M. pseudostriata (PI. I: 11 ,12), M.foliosa . The fusulinid assemblage comprises Pseudofu sulina firma ,
Ps. sphaerica RAUSERet BELlEY, Ps. delicata KORZHENEYSKY., and Ps. sulca ta KORZH ENEYSKY. According
to RAUSER-CHERNOUSSOYA (1965), half or two-third s of the fusulinid species found in the limestones of the
member 4 are redeposited. Only the presence of such fusulinids as Pseudofusulina firma and Ps. sphaerica
justifies the correlation of the deposits of member 4 with the Sphaeroschwagerina sphaerica-Pseudofusulina
firma Zone (the uppermost fusulinid zone of the Assel ian). The conodont assemb lage recog nized in this part
of the section indicates that considerable redeposition must have occurred. This is indicated by the following
older forms: abundant Declinognathodus nodul iferus (ELLISON et GRAYES.), ldi ognathodus magnificus Ko­
ZITSKAYA, Idiog. aff. toretzianus, Idiog. obliquus KOSSENKOet KOZITSKAYA, Idiognathoides sinuatus (HARR IS
et HOLLINGSWORTH), Id. corrugatus (HARRIS et HOLLI NGSWORTH), and Streptognathodus elega ntulus. This
part of the section is about 35 m thick.

The limestones of the Kurmain Formation are covered by more clayey deposits of the Karamurun
Formation that belong to the lowermost Tastubi an regional stage. Thi s sequence, the RUZHENTSEY'S beds
15- 21 or RAUSER-CIIER NOUSSOYA'S members 5-7, consis t of clayey sandstone interbeds and detrit al
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Table 2
Asselli an and Sakmarian zonal subdivision of the Urals.
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Fu sul ini d
Co nodo nt zo ncs

zones

Scheme
of the Urals M OVSII O VICII B ARSK OV

ISAKO VA 1989
AK IiMETSIi INA C1 IER NY KII 1986. 1988;

K OZUR 1995
B REJ VEL et al. 1984 1984 1990 C1 IER NYK II anti R ESH ETK OVA 1990

1980

P. urdulcnsis M. bisselli SU'et'! l 'g 1ll1Ih u s S. withei S. merri ll; S. primus
M. hinelli- M. I,in ell i -

c M. vis ibilis M. visib ilis
't
~ P. verneu il i At . la ta M.

..'2 Sr. simplex
At. bisselli M. I>in elli M. bissell i ob lionimurgin ata

" I~ moellrri S . merrilli M. urulcnsi s S. merrill;ir:

SI'. spharrica AI. st ria ta S t. /1() S t! Il S 11S St. pusrjilSlls
M. pseudostriata

St. post fus us
P.fi rma

Sr. ba rskovi M. s triata

Sp. mnellrri St . simple» At. dentisepurata St. [usus .\ 1. simu la tu
;; P.[evu nda si. St. constrictus

51. constrictus 51. cons trictu s
wuhunnsensis 51. constrict us 1'.1. bell udon tae

~ St. elon ga sus St. cristcl luris.:;: St. cris tell uri s
Sp. vulga ris SI. SI. wuhuunsrnsi s St. barsko vi
S. [us iformis wuba uns cns is St. invug ina tus

St. alins
St. rlnngut us

Sr. wuhu uns ensis

P. - Pseudofu sulina , S - Sweetognathu s, Sp. - Spha erosch wagerina, SI. - Streptognathodus .

limestones in its lower part and interbeds of aphanite and detrital limestones and marls in its upper part.
The conodont as se mblage (samples 74 , 76 , 77) is dominated by speci es of Mesogondolella: M. uralensis
CHERNYKH , M. lata CHERNYKfI (PI. I : 17, 18), M. obliquimarginata CHERN YKfI , and M. spp. Among
fusulinids, there usually occur Pseudofusulina moelleri (SCHELLW IEN), P. sulcata (typical of the Tastu­
bian) , P. ishimbajevi KORZHENEV SKY (abundant) and other spec ies that belong to the zonal assemblage of
the Pseudofusulina moelleri Zone of the Sakmari an . This part of the section is about 175 m thick.

Th e next interval of the section - beds 22-30 of RUZH ENTSEV or members 8-9 of RAUSER-Cfl ERNOUS­
SOYA - is composed of limestones of the Sarabil Formation (the uppermost Tastubian). The sequence
includes aphanitic limeston es with ch erty interbed s and detrital and crinoid-fu sulinid varieties containing
isolated specimens of Streptognathodus constrictus and S. postfusus. Th e con odont assemblage (samples
79a, 79c, 8 1) is dominated by Meso gondolella represented by M . obliquimarginata , M. lata . M. uralensis
(PI. I : 19). Declin ognathodus sp., Idiognathodu s sp. , and Neognathodus columbiensis, all found in thi s
assemblage are redeposited .

The limestones of the Sarabil Formation were assigned to the Pseudofusulina vern euili Zone of the
Sakmarian by RAUSER-CflER NOUSSOVA (1965) . Thi s is also confirmed in thi s study. The limestones contain
Pseudofusulina ex gr. verneuili (MOELLER) and P. blochini KORZHENEVSKY. This part of the section is
about 120 m thick .

The upper part of the section - bed s 3 1- 63 of RUZHENTSEV or members 10, II of RAUSER-CH ERNOU­
SSOVA - is composed of sandy-clayey deposit s of the Maloik Formation or the Sterlitamakian . These rocks
consist of clayey la yers with numerous sands tone interbeds and rare limestones. Among the rare conodont
rem ain s (sample 85), Mesogondolella bisselli can be recognized (PI. I : 20 ). The interbeds with fusulinids
are also uncommon. RAUSER-CH ER NOUSSOVA ( 1965) indicated the pre sence of Pseudofusulina ex gr.
schellwieni VISSAR IONOVA, P. urda lensis RAUSER, P. callosa RAUSER, P. p licatissima RAUSER and other
species in thi s unit. In the uppermost part of the section (the Kondurov Formation ) conodonts are absent.

In summary, the Asselian and Sakmarian stages contain abundant conodonts. Their vertical distribution
throughout the section (Table 3) makes it po ssible to identify a succession of conodont zones.

BIOSTRATIGRA PHY

The ass emblage of conodonts obtained from deposits of the Uskalyk Formation and assignable to the
Spha eroschwagerina moelleri and Pseudofusulina f ecunda fusulinid zones of the As selian defines the
oldest of the described conodont zon es. It includes Streptognathodu s barskovi, S. wabaunsensis, S.
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Table 3
Distribution of conodonts in the Sakm arian stratotype section.

.§
',= ~ "'"

fusulinid
S. moelleri Sphaeroschwa gerina sphaerica ~ " ~
P. fecunda Pseudofu sulina firma .... t .§

Il.l sc '" l:::
0

:::: ;;.

'"N 0..; 0..; C;;

-
Streptognathodus Mesogondolella striata- Mesogondolella

....
conodont '".::;

constrictus M. pseudo str iata uralensis ~

~

Sample no. 34 36 40 45 46 48 52 54 58 59 60 6 1 64 66 74 77 79a 79c 8 1 85

Streptognathodus
4 1 1 1

longissimus

S. simplex 5 2 4 1 cf

S. elongatus 3 2

S. asse licus aff. 1 1 1

S. wabaunsensis cf 2 2

S. nodulinearis cf 1

S. barskovi 1

S. alius 2 5 cf

S. constrictus aff. 2 I I I 2*? I*?

S. fu sus cf 1 aff.

S. posfusus 1 4*? 2*?

S. simplex-constrictus 2 2

S. simplex-asselicus 1 1

Mesogondolella
3 I 1 I I*?

fo /iosa

M. striata 4 3 cf 2

M. pseudostriata cf 2

M. longifol iosa 3 1 2 1 cr.
M. obliquimarginata I 1 1 1 cr.
M. simulata 2

M. uralensis aff. 1 I 2 1

M. lata 1 3 7 I

M. bisse//i 2

Mesogondolella sp. 1

S. elegantulus 2* 1* 3* 2* 1*

ldiognathodus sp. 3* 1* 1* 6* 3* 4* 2* 3* 5* 1* 6* 5* 6*

Neognathodu s sp. 2* 1* 1* 1*

Cavusgnathus sp. 2* 1*

Ideognath oides sp. 3* 2*

Declinognathodus sp. 1* 1* cf

Gondolella sp. 1* 4* 1*

* - presumably redep osited.

simplex, S. asselicus, S. constrictus, and Mesogondolella sp. The first three species were used to define
the Streptognathodus barskovi assemblage zone established by KOZURand MOSTLER ( 1976) and were also
identified in the sect ions of pre-Urals Region (MOVSHOVICH et al. 1979). The species Streptognath odus
barskovi was described by KOZUR and MOSTLER (1976) from the Upper Fusul inid Zone of the Asselian,
and was used by KOZUR (1978) to define the Streptognathodus barskovi Zone. Subsequently, BARSKOVet
al. (198 1), AKHMETSHI NA et al. (1984), and ISAKOVA and NASAROV (1986) reported new finds of this
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species in the South Urals and pre-Caspian sections. The Streptognathodus constrictus conodont Zone
(CHERNYKH 1986) correlates with the Sphaeroschwagerina mo elleri-Pseudofusulina f ecunda Fusulinid
Zone. The co -occurrence of Streptognathodus constrictus and the zonal fusulinid as sociatioin of the
Middle Asselian Zone was mentioned by CHERNYKH (1988) . Our data obtained from the Sakmarian Stage
stratotype confirm tho se observations .

Mesogondolella bis selli recovered from the Sakmarian (KOZUR 1978; MOVSHOVICH et al. 1979) was
formerly believed to be the oldest Mesogondolella . However, ISAKovA and NAZAROV (1986) and CHER­
NYKH and RESHETKOVA (1987) recognized an earlier appearance of Mesogondolella at the base of the
Middle Fusulinid Zone of the Asselian. According to CHERNYKH and RESHETKOVA (1986, 1987) and
CHERNYKH (in CHUVASHOV et al. 1990), Mesogondolella adentata, M. belladontae, M. dentiseparata, and
M. simulata are confined mainly to the Spha eroschwagerina moelleri-Pseudofusulina f ecunda Fusulinid
Zone. The last of the above Mesogondolella species presumably exi sted in the Upper Asselian Fusulinid
Zone times as well. Thus, the Mesogondolella sp. fragments I have found in Streptognathodus-dominated
conodont assemblage, in the lower part of the studied section, do not contradict the correlation of thi s
assemblage with the Middle Asselian Fusulinid Zone.

As a whole, the discussed Middle Asselian conodont assemblage from the Sakmarian stratotype section
is similar to that of the Ural ian Streptognathodus constrictus Zone (CHERNYKH and RESHETKOVA 1987)
and the conodont assemblages of the pre-Caspian depression (AKHMETSHINA 1990). Its stratigraphic
boundaries coincide with those of fusulinid zonal associations of the Middle Asselian Sphaeros chwagerina
moe/leri, and Pseudofusulina f ecunda Zone.

In the uppermost Uskalyk Formation, the Streptognathodus-dominated assemblage of the Strepto gna­
thodus constrictus Zone is replaced by the Mesogondolella-dominated assemblage with abundant Meso­
gondonella and rare Streptognathodus asselicu s , and S. constrictus. The overlying deposit s are also
Mesogondolella-dominated.

The next conodont assemblage occurs in the upper part s of the Uskalyk and Kurmain formations and
contains small specimens of Streptognathodus as well as Mesogondolella striata, M. foliosa , and M.
longifoliosa . The Mesogondolella assemblage comprises species typical of the Mesogondolella striata and
Mesogondolella ps eudostriata conodont zones which correspond to the Streptognathodus postfusus Zone
of CHUVASHOV et al. 1990. Mesogondolella striata wa s fir st reported from sections exposed along the
Usolka River (South Ural s, Ba shkiria), within the Sphaeroschwagerina sphaerica- Pse udof usulina firma
Zone (CHERNYKH and CHUVASHOV 1986; CHERNYKH and RESH ETKOVA 1987 ). The stratigraphic position
of M. foliosa, de scribed from a single sample from the Asselian deposits exposed along the Seleuk River
(South Urals, Bashkiria) has not been confirmed by fusulinids. Our material yielded Mesogondolella
striata and M. folio sa associ ated with a fusulinid assemblage including Pseudofusulina firma, Ps. delicata,
Ps. sulcata and other species characteristic of the Sphaeroschwagerina sphaerica- Pse udof usulina firma
fusulinid zone.

Thus, the presence of the above conodont assemblage in the studied section makes it possible to
recognize Mesogondolella striata and M. ps eudostriata conodont zones corresponding to the Streptogna­
thodus po stfusus Zone and treat them as analogs of the Sphaeroschwagerina sphae rica and Pseudofusulina
firma fusulinid zones.

The Sakmarian stra totype section is mainly dominated by Mesogondolella. Its lower part - the Tastu­
bian - contains three morphologically similar species of Mesogondolella: M. uralensis, M. lata and M.
obliquimarginata. As a whole, the identified assemblage is similar to that of the Tastubian "Krasnousol sk"
section in which an association of fu sulinids wa s found - Pseudofusulina vern euili, P. consp iqua, P.
ishimbaj evi, P. cf. fixa, etc . (CHUVASHOV et al. 1990). My material has yie lded the above conodont
assemblage, but with depleted composition. Mesogondolella uralensis, M. aff. obliquimarginata , and
Mesogondolella sp . occur in the upper part of the Karamurun Formation in association with Pseudofu­
sulina mo elleri, P. sulcata , and P. ishimbajevi, typical of the Pseudofusulina moe/leri Fusulinid Zone. A
diverse of conodont fauna has been determined in the Sarabil Formation: including the above conodont
assemblage associated with Pseudofusulina ex gr. vern euili, and P. bloch ini. RAUSER-CHERNOUSSOVA
(1965) indicated in this assemblage Pseudofusulina vern euili, P. paraverneuili VISSARIONOVA, P. aff. fixa
KIREEVA, P. trun catella KIREEVA, P. blo chini and other forms typical of the Pseudofusulina verneuili Zone,
of the Sakmarian. Thus, the above conodont assemblage - the only one known from the Tastubian regional
stage of the Sakmarian stratotype section - permits to recognize the Me sogondolella uralensis conodont
zone analogous to two fusulinid zones: Pseudofusulina mo elleri and Pseudofusulina verneuili .
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The least di verse cono do nt fauna with occasio na l Mesogondolella bisselli , recovered fro m dep osit s of
the Maloik Format ion , has been recogni zed in the Sterli tamak ian regio na l stage . In the pre-Ural s region ,
Mesogondolella bisselli has ea rl ier been found in the uppermost Tastubi an (MOVSHOV ICH et al. 1979).
Accord ing to C HUVASHOV et al. ( 1990), th is spec ies usu all y occurs in the Sterlitam aki an whe re it is
associ ated with Sweetognathus primus CHERNYKH, and Adetognat hus sp. Strati graphicall y bel ow thi s
co nodo nt assemblage, the re occur fusu linids ty pical of St erli ta makian: Pseudofu sulina karagasensis
RAUSER, P. urdalensis RAUSER, and P. pl icatissima RAUSER.

It is rath er difficult to subdiv ide the Tastubian and Sterlitamakian stag es on cono do nts becau se
co nodo nt elements are ra ther scarce in the Sakmarian . KOZU R ( 1978) and MOVSHOVI CH (1984) recogni zed
one zo ne assem blage (Mesogolldolella bisselli, Streptogna thodus simplex. Sweetogna thus merrilli ) in the
Sakmari an . CHUVASHOV et al. ( 1990) esta b lishe d thr ee co nodo nt zo ne s in the Sakmarian includ ing (fro m
bott om to top ): Mesogondolella uralensis , M. lata , and M. bisselli-M. visibilis tSweetognat hus primusi.
KOZUR ( 1996) establish ed two Sakmarian co nodont zo ne s, the Tastubian Mesogondolella obliquimargi­
nata- Sweetognathus merrilli Zon e and the Sterlitamakian M. bisselli-M, visibilis Zone . The Sakmari an
pel agic conodont scale is based o n evolutio n of the Mesogondolella (CHERNYKH 1988).

Th e succession of the conod ont assemblages illu st rat ed by the Sakmarian stra to type sectio n is al so
documented and supplemented by my materials from several other se ctions . The Streptog nathodus con­
strictus Zone assemblage mani fested best in o ther sectio ns. It has been recogn ized in sections o n both
sides of Bol sh aya Syuren River (South Ural s) and is cha rac terized by cono donts Streptognathodus COII­

str ictus, S. barskovi, S. asselicus, S. simplex. Mesogo ndo lella dentisepa rata , and M. adentata. The latt er
tw o Mesogondolella species have ea rlier been defined as Gondolella cr. bisselli (ISAKOVA and NASAROV
1986). Stra tigra phic di stribution of the above cono do nt assemblage corre spo nds to that of fusulinid zo na l
assem blage of Spha eroscliwagerina moelleri and Pseudofu sulina [ecunda represented in the sectio n by
the followi ng species : Pseudofu sul ina [ecunda SHAMOV et SCHERBOVICH, Ps. subnathorsti (LEE), Pseudo­
schwagerina aktju bensis RAUSER, Sp haeroschwa gerina ex gr. moelleri (RAUSER), and o the rs (ISA KOVA and
NAZAROV 1986).

The Streptognathodus constrictus Zon e is recogni zed in the section alo ng the Ajdaralash Spring (South
Urals). In bed 34 (num bered aft er CHUVASHOV et al. 1986) ab unda nt Streptogna thodus constrictus (PI. 1:
1- 2) wa s found (samples co llected by DAVYDOV), as we ll as S. [u sus (PI. I: 4-5 ), S. asselicus, S.
longissimus, S. barskovi (PI. 1: 6), S. simplex. S. aff. postfusus (PI. I: 7), S. fuchengensis (PI. I: 3) and
an iso lated fra gment of Mesogondolella cr. dentiseparata.

The Mesogo ndolella striata Zo ne is present on the le ft bank of Bol sh aya Syuren River (South Urals)
near the Verkhnyaya Sarabil village whe re M. st riata, M. fo liosa (PI. 1: 10), M. aff. interme dia IGo, M.
obliquimargina ta (PI. I: 13, 14), and M. pseu do striata have previou sly been found. These Mesogondolella
spec ies were sy nonimize d and defined as Mesogondolella ex gr. bisselli and M. bisselli (l SAKo vA and
NAZAROV 1986).

Th e Mesogondolella uralensis Zone is also rec ogni zed o n the left s ide the of Bol shaya Syuren Ri ver.
It is defined by the occur re nce of M. striata. M. uralensis, Mesogondo lella sp. These forms are tran siti onal
to Mesogondolella bisselli (PI. I: 2 1, 22).

Stratigraphicall y high er, in the same sect io n, Mesogondolella bisselli ha s been identified in associa tion
with Sweetognathus sp. (PI. I: 8), similar to S. withei (RHODES).
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REVIEW OF TH E CONODONTS OF TH E SAKM A RIAN STRATOTYPE SECTION (SOUT H URALS)

PLATE 1

Strepto gnathodus constrictus CH ERNYKH et R ESHETKOYA, 1986

1. Specimen 4766/1. Ajdaralash Spring, sample 9- 34, x 100.
2. Specimen 4766/2, Ajdaralash Spring, sample 9- 34, x 50.

Streptognathodus fucheng ensis ZHAO

3. Specimen 4766/3, Ajdaralash Spring, sample 9-34, x 50.

Strepto gnathodus fusus CH ERNYKH et R ESHETKOYA, 1988

4. Specimen 4766/4, Ajdaralash Spring, sample 9- 34, x 50.
5. Specimen 4766/5 , Ajdaralash Spring , sample 9-34, x 50.

Strepto gnathodus barskovi (KOZUR, 1976)

6. Specimen 4766/6, Ajdaralash Spring, sample 9- 34, x 50.

Streptognathodus aff. post/usus CH ERNYKH et R ESHETKOYA, 1988

7. Specimen 476617 , Ajdaralash Spring, sample 9-34, x 50.

Sweetognathus sp.

8. Specimen 4755/15 , Bolshaya Syuren River, x 50.

Mesogondolella foliosa (CHERNYKH et R ESHETKOYA, 1987)

9. Specimen 4766/ 8, the Sakmarian stratot ype section, sample 79a, x 50.
10. Specimen 4766/9, Bolshaya Syuren River, x50.

Me sogondolella ps eudostriata (CHERNYKH,1990)

II , 12. Specimen s 4766/10-11 respectively, the Sakmarian stratotype section, sample 66, x 50.

Mesogondolella obliqimarginata (CHERNYKH, 1990)

13, 14. Specimens 4766/12-1 3 respectively, Bolshaya Syuren River, x 50.

Mesogondolella longifoliosa (CHERNYKH , 1990)

IS. Specimen 4766/14 , the Sakmarian stratotype section, sample 48, x 50.
16. Specimen 4766/15 , Bolshaya Syuren River, x 50.

Mesogondolella lata (CHERNYKH, 1990)

17,18 . Specimen s 4766/16-17 respectively, the Sakma rian stratotype section, sample 74, x 50.

Mesogondolella uralensis (C HERNYKH, 1990)

19. Specimen 4766/18, the Sakmarian stratotype section, sample 79c, x 50.

Mesogondolella bisselli (CLARK et B EHNKEN, 1971)

20. Specimen 4766/19 , the Sakmarian stratotype section, sample 85, x 50.

Mesogondolella sp.

21. Specimen 4766/20 , Bolshaya Syuren River. x 100.

Mesogondolella aff . bisselli (CLARK et B EHNK EN, 1971)

22a. Specimen 4766/ 21, Bolshaya Syuren River, x 50.
22b. Specimen 4766/22 , surface reticulation, Bolshaya Syuren River, x 500.
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