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INTRODUCTION

The mid-Arenig time-interval is the chronological equi valent of the Prioniodus elegans and Oepikodus
evae conodont zones. The relati ve displacement of the continental masses such as Baltic- and Gondwa
na-lands occurred in the Prioni odus elegans time interval (SCOTESE and McKERROW 1991) . The continu
ous, gradual change from terrigenous to carbonate sedimentation in the shallow-water Baltic paleobasin ,
that started in the Oepikodu s evae time interval is considered as evidence for the movement of Baltica
from the relatively high to middle paleol atidudes (Po rov and KOREN 1996).

The paleogeographic distribution of the Prioniodus elegans-Oepikodu s evae conodont fauna was
generally similar to that of the earlier, Late Cambrian-Tremadoc fauna (DUBININA 1991). Thi s is desp ite
the evidence for decrease in latitudinal climatic gradient in early Ordovician time.

Taking into account the influence of the perm anent thermocline upon the distribution of trilobite (COOK
and TAYLOR 1975; TAYLOR 1977) and conodont communities (as proposed by DUBI NINA [1991: fig. 6;
1994: figs 1, 2] for the lapetus and Proto-Pacific Oceans), a similar paleoenvironmental model is proposed
here to expl ain conodont distribution in the paleobasins of Central Asia.

The Paleo-Asian Ocean was represented by several separate paleobasins of different type s (YAKU B
CHUK 1990; NIKITIN et at. 1991; DEGTYAREV 1993). The main purpose of this paper is to recognize the
characteristic s of the Prioniodus (P.) elegans- Oepikodus evae deep-water conodont communities in all
basin type s of this paleo-ocean sys tem.

Conodont collections .from the sections of the Baikonur Synclinorium, the Sarykum Section of the
Aktau-Mointy Anticlinorium, the Blue Ridge Section of southwestern Betpak-Dala, and the sections of the
Chingiz Anticlinorium are reposited in the Geolo gical Institute, Russian Academy of Science s, Moscow. The
conodont collections from the sections of northern Betpak-Dala (Buruntau Anticlinorium) and the sections
of southwestern Prechingiz region are reposited in the Institute of Geological Scienc es, Academy of Sciences
of Kazakhstan, Alma-Ata and in All-Russian Geolo gical Research Institute (VSEGEI), St. Petersburg.

Acknowledgements . - I am thankful to Dr. John E. REPETSKI (V .S. Geological Survey, Virginia) for
his valuable advice and critical comments.

TYPES OF EARLY PALEOZOIC BASINS OF CENTRAL ASIA

Based on the structural and lithologic characteristic s of Lower Paleozoic complexes, four type s of
basins have been recognized in the Central Asian region (Y AKUBCHUK 1990; NIKITIN et at. 1991 ; DEG
TYAREV 1993) . These have been interpreted as back-arc basins, island arc belt s, epicontinental basins, and
passive marginal basins (Fig. 1).

The back-arc paleobasins developed on oceanic crust. The back-arc complexes start with siliceous-basalt
and siliceous sequences that-record spreading phase of the basin, and are overl ain by siliceous-terrigenous
and olistostrome sequences that record the closed basin stage. This type of basin is represented by (1) the
complexes of Ishkeolmess, Erementau-Niyaz, Atasu, Buruntau, and Maikain-Kyzyltass anticlinoria; (2) the
complexes of southwestern and northeastern Prechingis regions and northern Betpak-Dala of Central Ka
zakhstan; and (3) the Middle Ordo vician compl exes of Tekturrnass and North-Balkhash anticlinoria.

The island- arc belt basins formed both on oceanic and continental crust. Their sequences are repre
sented by alternation of calc-alkaline extrusive, siliceous- tuffaceous, flysch and reef carbonate deposit s.
Complexes of the Chingiz and Boschekul anticlinoria, the Kend yktin and Stepnyak synclinoria, and ,
apparently, the complexes of southwestern Betp ak-D ala, represent this type of paleobasin .

The epicontinental basins developed on continental crust. They typic ally include siliciclastic-carbonate
and siliceous facies in the Lower Ordovician, and terrigenous-carbonate rocks in the Middle Ordovician.
The complexes of the Aktau-Mointy and Tekeli anticlinoria repre sent this type of paleobasin .

Finall y, the passive, marginal Ishim-Karatau-N aryn paleobasin also formed on continental crus t. Sili
ceou s-terri genous and terrigenous facies predomin ate, whereas carbonate facies are less common. The
complexes of the Baikonur synclinorium, Bolshoy Karatau , and Dzhebagly Mountains, as well as the
complexes of the Middle Tien-Shan (Sandalash, Dzhetymtau, Sarydzhaz Ridges) in Kyrgyz stan, have been
used for the reconstruction of thi s narrow but elongated basin.
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Fig. I
Map showing Ordovician tectono- facies zonation in Kazakhstan and Tien-Shan (modified from NIKITIN (1972) and NIKITIN
and others (1991 ». I-V - tectono-facies zones: 1- Ishim-Karatau-Naryn; II - Stepnyak-Betpak-Dala-North Tien-Shan; III
- Erementau-Chu-Ili; IV - Chingiz-Tarbagatay; V - Dzhungariya-Balkhash. Main tecnonic structures, containing Ordovi
cian formations with conodont faunas: I - Baikonur Synclinorium; 2 - Bolshoy Karatau ; 3 - Dzebagly Mount ains; 4 
Sandalash Ridge ; 5 - Dzhetymtau Ridge ; 6 - Sarydzhaz Ridge; 7 - Ulutau Anticlinorium; 8 - Maly Karatau ; 9 - Stepnyak
Synclinorium; 10 - Ishkeolmess Anticlinorium; II - Erementau-Niyaz Anticlinorium; 12 - Atasu Anticlinorium; 13 - N.
Betpak-Dala; 14 - Buruntau Anticlinorium; IS - Aktau-Mointy Anticlinorium; 16 - Tekeli Anticlinorium; 17 - Boschekul
Anticlinorium and Kendyktin Synclinorium; 18 - Maikain -Kyzyltass Anticlinorium; 19 - SW Prechingi z; 20 - NE Prechin
giz ; 21 - Chingi z Anticl inorium ; 22 - Tekturmass Anticlinorium; 23 - N. Balkhash; 24 - SW Betpak-Dala. Tectonic
structures related to the following types of Central Asian paleobasins: 10-14, 18-20, 22, 23 - back-arc; 9, 17, 21, 24 -

island arc belts; IS , 16 - epicontinental ; 1-6 - passive marginal.

THE MID-ARENIG CONODONT ASSOCIATIONS
OF CENTRAL ASIA

The deep-water deposits included in this study are : (1) pelagic abyssal siliceous sequences preserved

in ophiolite complexes; (2) siliceous-terrigenous and siliceous-volcanogenic deposits of island arc slopes;

and (3) thin bedded mudstones and siliceous mudstones, deposited in hemipe1agic environment near or at

the base of a continental slope.

Conodonts from siliceous facies of Central Kazakhstan were first reported from the Karatass Formation

of the Atasu Anticlinorium (GRIDINA and MASHKOVA 1977). GERASIMOVA et al. (1977) investigated

conodonts in siliceous-terrigenous facies of the Monadyr and Karatass formations of the Atasu Anticlino-
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Tabl e I
Conod ont associ ati on s of Prioni odu s elegans- Oep ikodus evae Zo ne time fro m deep water deposit s of the Centra l Asian

(Kazakhs ta n, Kyrgystan ) paleob asins.
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Prioniodu s elegans · · ·
Oepikodus evae · · · · · · · · · · · · · ·
Prioniodus delatus longibasis ·
Paroistodus parallelus · · · · · · · · . · ·
Paroistodus proteus · · · · · ·
Drepanoistodus f orceps · · · · · · · · ·
Drepanoistodus arcuatus · · · · · · · · · ·
Periodon fl abellum · · · · · . · · · · · ·
Periodon primus ·
Protopanderodus rectus · · · ·
Paracordylodus gracilis · · · · · · · · · · · · . · ·
Oistodus lanceolatus · · · · · · ·
Oistodus rablepointensis ·
Oistodus elongatus · ·
Stolodus stola ·
Microzarkodina fl abellum · ·
Oistodus emanuelensis ·
Drepanoistodus suberectus ·
Periodon sp. · ·

rium (for taxonomic com pos itio n of all conodo nt associations mentioned here see Table I) . NOVIKOVA et
al. (1978, 1980) investigated conodonts from siliceous beds of the Mynshokur Formation of the Eremen
tau-Niyaz Anticlinorium and from analogous facies o f the Ishkeolmess Anticlinorium; NIKITIN et al. (1980 )
from the Burubait al Formation of the Buruntau Anticlinorium; and ApOLLONOV et al. (1990) and DUBININA
(1990, 1991 ) from siliceous deposits of the Chazh aga y Formation (Sarykum Subzone) of the Aktau-Mointy
Anticlinorium. Additional information about con odonts from the Chazhagay Formation (Cha zhagay Sub
zone) of the Aktau-Mointy Anticlinorium was publi shed by BESSTRASHNOV et al. ( 1989) .

Conod onts from the Ushkyzyl Formation of southwestern Prechingiz region were investigated by ZHIL
KAIDAROV (1991 ), NIKITIN et al. (1992), KOREN et al. (1993), and TOLMACHEVA (1996). The mid-Areni g
conodonts were determined from siliceous beds of the ophiolite complex of northeastern Prechingiz region
(DVOICHENKO and ABAIMOVA 1987 ; ZVONTSOV and FRID 1991). A conodont faun a that included Oepikodus
evae was found in siliceous-tuffaceous beds of the Maikain-Kyzyltass ophiolite belt (NOVIKOVA et al. 1993).

The siliceous-terrige nous member of the Burubaital Formation of northern Betpak-Dala is very rich in
conodonts (GERASIMOVA et al. 1984; KURKOVSKAYA 1985; KOREN et al. 1993 ; TOLM ACHEvA 1996). In the
western part of the Stepnyak Synclinorium only Periodon flab ellum wa s reported (KURKOVS KAYA 1985 ).

The siliceous faci es of the island arc complexes of the Kendyktin Synclinorium (TENYA KOVA and
KAUNIN 1980) and Boschekul Anticlinorium (KHROMYKH 1986) are represented by moderate numbers of
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conodo nts. Recentl y, I have found a very similar conodont association in siliceous-tuffaceous beds of the
Chingiz Anticl inorium (DEGTYA REV et al. in press).

Addi tio nal information is needed about the mid-Arenig co nodonts from mudstones of the Kerimbek
Formation of the Tekely Ant icli norium, from which only rare co nodont and graptolite occ urre nces have
been reported so far (NIKITIN et al. 1993). That would be very interesting, because the rep resent ative
associations that contai n both co nodonts and graptolites have been documen ted so far only fro m two
Ce ntral As ian form ations: the siliceous-terr igenous Kushekin Formation in the Blue Ridge Sec tio n of
southwestern Betp ak-D ala (DUBINI NAet al. 1996b) and the terrigenous Karasuir Form ation of the Baikonur
Syncli nori um (DUBININA et al. 1996a). My co nodont co llec tion of Baikonur Section comprises 45 ,000
co nodont elements, well- preserved on surfaces of the sha le bedding planes. Preliminary data on co nodonts
from the sec tions of the Baikonur Synclinori um were published by PUCHKOV (1986) and GERASIMOVA and
KURKOVSKAYA (1993) .

Also, it is desirable to get additiona l co nodo nt data fro m the graptolite cherts of the Sand alash
For mation in the Middle Tien- Shan , where only Para cordylodus gracilis has been reported so far (MAM
BETOV 1993). Mid-Arenig co nodonts from the siliceous Oldzhobay Formation in Dzhetymtau and Sa
rydzhaz Ridges of the Middle Tien- Shan have been reported by CHERNYSH UK (1993) and PUCHKOV et al.
(1986), respectively (Table I ).

In summary, the Ishim-Karatau-Naryn tectono-facies zone, corres ponding to the Ishim-Karatau-Naryn
passive margin al paleobasin, is characterized by mid-Aren ig co nodonts that occ ur ove r a large area from
the Baykonur Synclinorium in the wes t to the Sarydzhaz Ridge in the eas t (Fig . I). Data on co nodonts
fro m the Kurug tag Rid ge in north western China, that is, fro m the eas tern end of this extensive zone, have
not been reported so far.

Amo ng all of the above listed occ urre nces of mid- Areni g co nodonts (Table I), those fro m co ntinuous
Lower-Middl e Ordovician sections have the most value for paleobiogeographic analysis. They incl ude:
(1) the sections of the Baikonur Synclinori um (passive marginal bas in); (2) the Sarykum Section of the
Akta u-Mointy Anticl inori um (ep iconti nental type of paleobasins); (3) the sections of northern Betpak
Dala, sou thwestern Prech ingiz reg ion and the Maikain- Kyzyltass Anticlinorium (bac k-arc paleobas ins);
and (4) the sec tions of the Ching iz Anticlinori um (is land arc belts).

COMPARISON OF MID-ARENIG DEEP WATER CONODONT
COMMUNITIES FROM CENTRAL ASIA AND OTHER REGIONS

OF THE WORLD

It is know n that Are nig conodont faunas, when co mpared with their predecessors, are more differen
tiated and more depend ent on specific env ironments. The overal co nodo nt diversity in mid-Arenig times
can be estimated by takin g into account three faun al units (DuBININA 1991, 1994): Acado-Baltic, Midcon
tinent, and Juanognathus faunas . The first and second faunas charac ter ize both the early- and mid-Areni g
times, whereas the third fauna appea rs since P. elega ns tim e.

The Juanognathus fauna (LINDSTROM 1976) co mprises the followi ng species : Juanognathus varia bilis
SERPAGLl , Reutterodus andin us SERPAGLI, Protopanderodus gradatus SERPAGLI, Bergstroemognathus ex
tensus (GRAVES et ELLlSON), Tropod us australis (SERPAGLI), "Acodus" sweeti (SERPAGLI), and "Oistodus "
americanus (SERPAGLI). It is worth mentioning that the Juanognathus fauna is typi cal on ly for the
transit ional faunal rea lm where it is co nsidered to be relatively co ld-water co mpo nent (DUBININA 1994).
Apparently, the species of the Juanognathus faun a did not cross below the level of the permanent
thermocline. Onl y the Acado- Baltic spec ies were able to inhabit the deeper water layers, below the
thermoclines level. Therefore, they were related to the co ld-water component of the transi tio na l rea lm. In
the env ironment of this rea lm, the warm-water Mid con tinent fauna l co mpo nent was ex tremely rare .

The co mmunities of the transitional rea lm show conti nuous transition fro m the open she lf to the
hemipelagic envi ro nment. This transitio n is refl ected by a gra dual replacement of the rare Mid continent
warm-water and typic al transitional relati vely cold- water spec ies by the cold- water species. The com
munities of the transitional realm are replaced by those of the co ld-wa ter realm possibl y refl ec ting the
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fact that sufficient basinal depth was reached for the development of the cold-water zone below the
thermocline.

The representatives of the Acado-Baltic fauna in the deep-water communities of the cold-water realm
could possibly overcome the thermocline boundary. In the Central Asian basins, the pelagic abyssal
siliceous deposits preserved in the ophiolite complexes, siliceous-terrigenous and siliceous-volcanogenic
deposits of the island arc slopes, and the thin bedded mudstones and siliceous mudstones of continental
slope' base, all correspond to the conditions optimal for the Acado-Baltic species habitats . The repre
sentatives of the Juanognathus and Midcontinent faunas are absent in those deposits, except for rare,
redeposited Juanognathus and Midcontinent species (for example, in the sections of the Baikonur Syn
clinorium; DUBININA et al. 1996a), which are not taken into account when the deep-water communities
are reconstructed.

The fauna of southeastern China and Malyi Karatau was related to the transitional faunal realm (D UBI NINA
1991). The communities from deep water environments of the basins of Central Asia were related to the
cold-water realm (this paper). They can serve for comparison of the communities of the transitional and cold
water realms in Central and South-Eastern Asia. In the transitional realm the communities included three
faunal components (dominant Juanognathus , Acado-Baltic, and minor Midcontinent component), whereas
in the cold water realm, the communities were represented only by the Acado-Baltic fauna. The latter included
the following species: Prioniodus elegans (PANDER), P. deltatus longibasis (McTAVISH), Paroistodus paral
lelus (PANDER), P. proteus (L1 NDSTROM), Drepanoistodus forceps (L1 NDSTROM), Drepanodus arcuatus PAN
DER, Periodon flabellum (L1 NDSTROM), P. primus STOUGEet BAGNOLl , Protopanderodus rectus (L1NDSTROM),
Para cordylodus gracilis LINDSTROM, Oistodus lanceolatus PANDER, O. tablepointensis STOUGE, Oelandodus
elongatus (LINDSTROM), and Oepikodus evae (L1 NDSTROM).

In North America, similar conodont communities, but with a small number of the Midcontinent and
Juanognathus fauna species, are known from : (I) lower-slope deposits of the western margin of the Iapetus
Ocean in western Newfoundland (Cow Head Group) (JOHNSTON 1987; STOUGE and BAGNOLl 1988); and
(2) continental slope successions formed at the margin of the Proto-Pacific Ocean in central Nevada
(ETHINGTON and REPETSKI 1984). Similar conodont communities are known from the Ouachita Mountains
slope facies (ETHINGTON and REPETSKI 1984; ETHI NGTONet al. 1989); the Black Warrior basin, Mississippi
(ALBERSTADT and REPETSKI 1989); and slope deposits of the Hamburg klippe, eastern Pennsylvania
(R EPETSKI 1984). They are mentioned here to demonstrate the presence of the transitional realm com
munities near the predicted boundary with the cold-water realm.

Sections in Kurugtag Ridge, northwestern China, might serve as good candidates for future investiga
tions of the cold-water realm fauna in siliceous depositional environments of the passive marginal basin
of Central Asia.

It is clear that species that could cross the thermocline boundary in the transitional realm could also
inhabit both deep- and shallow-water environments of the cold-water realm .Thanks to this fact, it is
possible to define more exactly the range of the cold-water realm (D UBI NI NA 1991) and to compare the
deep-water communities living below the level of the thermocline in the Central Asi an basins with the
Acado-Baltic communities .

The P. elegons-O. evae communities of Sweden (see BERGSTROM 1988 ; LOFGREN 1993a, b), Estonia
(V II RA 1974), Latvia (D UBI NI NA 1983), and the Leningrad region (S ERGEEVA 1963) are taxonomically
diverse . The deep water communities of the Central Asian basins appear less taxonomically diverse (Table
I) , but there are no major differences in their composition. However, the conodont associations from
Kazakhstan and Kyrgyzstan, unlike those of Europe, are very often characterized by numerical domination
of elements of one or two species, Paracordylodus gracilis and Periodon flabellum, in particular (DUBINI
NA et al. 1996a). The alternation of mono- and polyspecific associations in siliceous and terrigenous
sections of Kazakhstan is a typical phenomenon. Frequent appearances of monospecific communities in
deep water environments of any Central Asian basin are, most likely, due to other reasons (for example,
eustatic events or/and oceanic bottom currents) .

In conclusion, it should be emphasized that the mid-Arenig deep water conodont communities appear
to have been similar when compared throughout deep water environments of Central Asian basins of
different types . These similarities may be due to the relative stability of oceanic water masses below the
thermocline. The data on conodont communities from different paleoenvironments and habitats, when
coupled with related sedimentological data that have been obtained during the recent years from various
types of early Palaeozoic basins of Central Asia, will be useful when applied to basinal analysis of the
Central Asian region and also to paleobiogeographic reconstructions of this and other areas.
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