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Abstract – Biostratigraphical study of the early to mid-Ordovician conodont fauna from ribbon-
banded radiolarian cherts of the middle Burubaital Formation in Central Kazakhstan reveals an almost
complete succession of conodont biozones from the late Tremadocian to the early Darriwilian. During
this interval, biosiliceous sediments were deposited in basinal environments, inhabited by lingulate
brachiopods, sponges, pterobranchs and caryocaridids in conditions of high fertility and primary
productivity of surface water. The community structure of taxonomically diverse conodont assemblages
typifying open oceanic environments is not significantly different from that of epicratonic basins of
the North Atlantic conodont province. The regional increase of oxygenated bottom waters at the base
of the Oepikodus evae Biozone is possibly related to considerable changes in palaeo-oceanographical
circulation patterns. The finds of three natural clusters of Prioniodus oepiki (McTavish) enable us to
propose an emended diagnosis of this species.
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1. Introduction

Current knowledge of conodont assemblages inhabit-
ing Ordovician oceans remains inadequate, despite the
fact that the occurrence of Ordovician conodonts in
pelagic sediments deposited in oceanic environments,
such as siliceous shales and radiolarian cherts associ-
ated with ophiolites, was first reported almost half a
century ago (Lamont & Lindström, 1958).

The occurrence of conodonts in Ordovician ra-
diolarian cherts and jaspers of Central Kazakhstan was
first reported in the mid-1970s (Gridina & Mashkova,
1975). Before this pioneering study, the age of the
Lower Palaeozoic radiolarian cherts in Kazakhstan
was interpreted across a wide stratigraphical spectrum
from the Precambrian to Silurian (e.g. Antonyuk,
1974; Tokmacheva, Kuznechevskii & Paletch, 1974).
Subsequent studies during the last three decades reveal
that conodonts are widespread in siliceous deposits
associated with early Palaeozoic ophiolites in Central
Kazakhstan (for review see Nikitin, 2002).

Most previous studies of conodonts from Ordovician
cherts in Central Kazakhstan were based on finds from
isolated localities (Nikitin, Apollonov & Tsay, 1980;
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Nikitin et al. 1980; Kurkovskaya, 1985; Novikova,
Gerasimova & Dubinina, 1983; Dvoichenko &
Abaimova, 1987). In this region, early Palaeozoic bio-
genic siliceous deposits underwent extensive tectonic
deformation and were included in tectonic melanges.
Fragments of continuous stratigraphical sequences
preserved in individual olistoliths do not usually exceed
10–15 m in thickness, and cover stratigraphical inter-
vals corresponding to parts of one to three successive
conodont biozones. The only known exceptions are
relatively continuous conodont sequences from the
early Arenig to early Llanvirn Ushkyzyl Formation in
the Chingiz Range described by Zhylkaidarov (1998),
and from the late Cambrian to middle Ordovician
Burubaital Formation of the West Balkhash Region
(Koren et al. 1993; Tolmacheva, Danelian & Popov,
2001).

Conodont biozonation of the Burubaital Formation is
based on a succession of conodont assemblages ob-
tained from two large olistoliths exposed about 4 km
west of the southwestern coast of Lake Balkhash and
northwest of the Burubaital railway station (Fig. 1).
Preliminary reports on the conodont biostratigraphy of
the lower part of this sequence from the Upper Cam-
brian Eoconodontus notchpeakensis Biozone to the
Lower Ordovician Paroistodus proteus Biozone, with
faunal logs, were published by Popov & Tolmacheva
(1995) and Tolmacheva, Danelian & Popov (2001).



700 T. TOLMACHEVA AND OTHERS

Figure 1. Schematic map of the western part of the West
Balkhash Region, southern Central Kazakhstan, with a square
indicating the locality 9706.

Here we present new data on the conodont sequence
of the middle part of the Burubaital Formation
within the stratigraphical interval from the uppermost
Tremadocian to the lower Darriwilian.

2. Location and geological settings

Ribbon-banded cherts of the Burubaital Formation
comprise part of a subduction–accretion complex
formed during the Early to Late Ordovician times along
the northeastern active margin of the early Palaeozoic
terrane known as the Chu-Ili plate (Popov, Cocks &
Nikitin, 2002). These cherts are situated within a
number of nappes and are incorporated within a
tectonic melange in a narrow belt known as the Burultas
or Buruntau Tectonofacies Belt (Holmer et al. 2001),
about 30–40 km wide, which is traceable for about
400 km from the upper reaches of the Sarysu river in
the northern Betpak-Dala desert northwestwards to the
southwestern coast of Lake Balkhash. Further southeast
the Lower Palaeozoic rocks are beneath a Mesozoic–
Cainozoic cover, but their presence is documented
from a borehole core near the town of Kolshengil,
about 150 km southwest of the outcrop area, where
radiolarian cherts with Lower Ordovician conodonts
were recovered (Koren et al. 1993). The Burubaital
Formation consists exclusively of black and red ribbon-
banded radiolarian cherts with a very low content of

siliciclastic and volcanic material. This confirms their
sedimentation in open ocean environments far from
any significant sources of fine siliciclastic and volcanic
material (Apollonov, 2000; Tolmacheva, Danelian &
Popov, 2001). Despite some reports (Nikitin, 2002),
the stratigraphical contacts of the Burubaital Formation
with underlying and overlying deposits are not yet clear.

Our studied section (L. 9706) of the Burubaital
Formation, 54 m thick in total, is exposed continuously
along both sides of an unnamed gorge crossing the
northern slope of a ridge (45◦02′11′′ N, 73◦56′27′′ E)
(Figs 1, 2). It consists exclusively of ribbon-banded
radiolarian cherts dipping steeply towards the south-
west (75–90◦). Despite the presence of several thin beds
of fine siliceous breccia there is no biostratigraphical
evidence for extensive discontinuities that might
exceed the duration of one conodont zone within the
section (Fig. 3).

The exposed part of the Burubaital Formation can be
subdivided into four informal lithostratigraphical units
described below in ascending order (Figs 3, 4):

Unit 1 (0–5.3 m). This unit is composed of thin-
bedded cherts with individual beds varying from 1 to
5 cm in thickness, predominantly grey with a few beds
of red or pink chert. A single unit of black chert up
to 1.5 cm thick crops out about 2.2 m above the base
and a bed of breccia is present at the top of the unit.
Four samples collected from the intervals 0.3 m, 0.7 m,
1.5 m and 4.0 m from the base of the unit contain
numerous conodont elements, rare sponge spicules and
fragments of pterobranch colonies. Dark grey and black
cherts in the lower part of the section include small
pyrite and apatite crystals and diffused organic matter
distributed unevenly within the bed accentuating the
fine lamination. Conodont elements are often fused
into coprolite clusters usually containing 2 to 19
elements. Clusters composed of relatively large, adult
elements usually contain lesser numbers of elements
than clusters formed by juvenile elements.

Unit 2 (5.3–17.6 m). Thin-bedded red cherts with
individual beds about 1–2 cm thick and a few beds
of dark grey chert up to 7 cm thick comprise this
unit. Thickness of individual beds increases towards
the top of the unit. Two beds of siliceous breccia are
present about 12.7 m from the base and at the top
of the unit. Four samples (9 m, 14.8 m, 16.0 m and
16.6 m) within this interval show high concentration
of conodont elements in the rock (up to 30 elements
per 10 cm2) and distinct orientation along the bedding
surfaces. Clusters of conodont elements are relatively
common.

Unit 3 (17.6–20.8 m). This unit is composed of
alternating red and grey bedded cherts with individual
beds varying from 5 to 10 cm thick with some beds
more than 10 cm thick. Numerous conodonts sampled
from 18 m, 19 m, 19.1 m and 20.3 m are preserved ex-
clusively as isolated elements. The associated fauna is
represented by organophosphatic brachiopods, sponge
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Figure 2. View of ribbon-banded radiolarian cherts in the middle part of the section 9706 (27–32 m). Scale bar is 1 metre in length.

spicules and numerous fragments of caryocaridid
carapaces and pterobranch colonies.

Unit 4 (20.8–54 m). Bedded, opaque or semi-
translucent, red and yellow cherts comprise this unit.
Individual beds are usually 3–5 cm thick with con-
centrations of argillaceous material on uneven bedding
surfaces. Fine clastic material is concentrated on
bedding surfaces of thin beds of siliceous shale, rather
than within the chert beds. A bed of fine siliceous
breccia about 0.5 m thick is present at 10 m above
the base of the unit. Conodonts were sampled from
intervals of 23 m, 25.1 m, 27.5 m, 32 m, 33.3 m,
40.5 m, 41.2 m, 45.4 m, 52 m and 54 m. They occur
exclusively as isolated, chaotically oriented elements.
Obscure spots and worm-like structures expressed by
differential recrystallization of silica, and the pattern of
uneven distribution of colours observed in thin sections
are interpreted as trace fossils.

3. Material and methods

The distribution of conodonts through the section
is highly variable; some chert beds yield numerous
conodont elements, which are easily visible through a
hand lens, whereas others are almost barren. Conodonts
and brachiopods are usually preserved as moulds or
replaced by silica. Only a few conodont elements from
black and dark grey cherts in the lowermost unit of

the section contain primary phosphatic matter. This
kind of preservation makes the traditional technique of
conodont extraction from cherts by hydrofluoric acid
(Aitchison, 1998; Zhylkaidarov, 1998) impracticable.
Therefore the conodonts were studied in thin sections
approximately 0.5 mm thick. A total of 23 conodont
samples were collected from the most fossiliferous
levels determined in the field, and more than 400 thin
sections were made.

The microscopic study of conodonts and other fossils
was performed using a Nikon SMZ800 microscope. All
fossils were photographed in transmitted and reflected
light with a Nikon COOLPIX 990 digital camera.
Figured specimens (Figs 5, 6, 7, 9) are housed in
the Central Research Geological Exploration Museum
(prefixed CNIGR Museum), St Petersburg, Russia
(collection 12829).

4. Conodonts and conodont biozonation

At present, conodonts are the only fossils from the
Burubaital Formation that are useful for biostratigraph-
ical purposes. Their abundance varies significantly
through the studied sequence from several tens of
elements per 10 cm2 to a single element per sample
or complete absence. It is likely that the abundance
of conodont elements is strongly affected by the
degree of dissolution and secondary recrystallization of
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Figure 3. The stratigraphical column of the Burubaital Formation in the section 9706 showing sampled levels and stratigraphical
ranges of conodonts.
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Figure 4. Numerical distribution of conodonts through the section.

biogenic apatite and silica within the host rock. Light-
coloured grey and white cherts commonly lack sponge
spicules and radiolarians, and contain poorly visible,
shadow-like conodonts, which disappear completely
in the proximity of more recrystallized areas around
microcracks. The abundance of conodont elements also
shows significant variation in similar chert lithologies,
probably indicating fluctuations in sedimentation rate
at particular stratigraphical intervals. Most of the
samples are poor in conodonts and, except for a few
dominant species, are represented by a small number
of specimens, which makes their precise taxonomic
discrimination difficult.

Taxonomic identification of conodont elements in
cherts of the Burubaital Formation is difficult as they
are usually available for observation only in lateral
view. The proportions of juvenile elements in conodont
assemblages from cherts are usually higher than those
from the carbonate samples (Tolmacheva & Löfgren,
2000); in fact, the majority of conodont elements ob-
served in the studied thin sections are juvenile. This also
makes species identification questionable. Although
the most common species have been identified, some
rare species are recognizable at generic level only, or
are almost unidentifiable.

The composition of conodont assemblages of the
Burubaital Formation reveals a close similarity with
contemporaneousEarly to MiddleOrdovician conodont
faunas of Baltoscandia (Löfgren, 1978; Rasmussen,
2001), South-Central China (Zhang, 1998) and other
regions located at that time in temperate latitudes,
or deposited in relatively deep-water environments
(Fig. 3). However, a considerable number of yet undes-
cribed endemic species also occur.

Four biostratigraphical units can be recognized in the
section (Figs 3, 4), described below in ascending order.

4.a. Paroistodus proteus Biozone

Three lowermost samples (0.3 m, 0.7 m and 1.5 m)
yield Paroistodus proteus (Lindström), Tripodus sp.,
Drepanodus arcuatus Pander and Prioniodus sp. The
latter is represented by a few weakly denticulate S
elements and cannot be identified to species level.
Abundance of conodont elements through this interval
is very low and it is probable that the listed taxa do not
represent the complete diversity of the fauna.

By contrast, the next sample (4 m) is extremely rich
in conodonts, with Paracordylodus gracilis Lindström
as a dominant taxon (up to 93 % of total number of
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Figure 5. Photomicrographs of thin sections showing fossils from the section 9706. (a) Sponge spicule, incident light, sample 9706-
32 m, S. spinatus Zone, × 25, 12829/1. (b) Pyritized radiolaria, transmitted light, sample 9706-54 m, Polonodus sp./P. horridus
Zone, × 120, 12829/2. (c) Pyritized radiolaria, transmitted light, sample 9706-54 m, Polonodus sp./P. horridus Zone, × 125, 12829/3.
(d) Bacterial filaments, incident light, sample 9706-52 m, Polonodus sp./P. horridus Zone, × 20, 12829/4. (e–g) Lingulid brachiopods,
incident light. (e) Pomeraneotreta sp., sample 9706-20.3 m, S. spinatus Zone, × 40, 12829/5. (g) Barbatiella? sp., sample 9706-9 m,
P. proteus Zone, × 34, 12829/6. (f) Rhabdopleurid? pterobranch fragment, transmitted light, sample 9706-1.5 m, P. proteus Zone,
× 35, 12829/7. (h) A fragment of caryocaridid shell, transmitted light, sample 9706-18 m, O. evae Zone, × 25, 12829/8. (i) ‘Cellular’
structure on fragments of caryocaridid shell, SEM photomicrographs, sample 9706-18 m, O. evae Zone, 12829/9, the scale bar
is 50 µm.

elements). The assemblage also includes P. proteus,
Tripodus sp., D. arcuatus, Prioniodus sp., Decoriconus
peselephantis (Lindström) and Oelandodus sp.

The composition of the assemblage is somewhat
different in the sample from 9 m, where Prioniodus
oepiki McTavish (Figs 8, 9) becomes very abundant.
Paroistodus parallelus (Pander) is also documented
here for the first time. The uppermost sample referred
to this zone is poor in conodonts and contains mainly
P. gracilis elements.

4.b. Prioniodus elegans Biozone

This is known from a single sample (14.8 m) and
is characterized by the presence of D. arcuatus,
D. peselephantis, Prioniodus cf. P. adami Stouge &
Bagnoli, Oelandodus sp. and P. gracilis. The latter
species is the most abundant, comprising 90 % of
conodont elements in the sample. Only a single
diagnostic element of Prioniodus elegans Pander has
been found in this particular sample, but it was
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observed commonly in some isolated localities of the
Burubaital Formation, where it is associated with a
similar conodont assemblage.

Oepikodus evae Biozone. This assemblage is
known from five samples (16 m, 16.5 m, 18ll m, 19 m
and 19.1 m). It comprises D. arcuatus, P. gracilis,
Protoprioniodus simplicissimus McTavish, Periodon
flabellum (Lindström), D. peselephantis, Protopan-
derodus cf. P. rectus, Oelandodus sp. and Bergstroemo-
gnathus sp. The nominal species is rare whereas P.
gracilis remains the most common taxon. P. flabellum
becomes dominant in the three uppermost samples,
where it occurs together with another unidentified
species of Prioniodus.

4.c. Spinodus spinatus Biozone

This is defined by the lowermost occurrence of
the nominal species in the sample from 20.3 m. P.
flabellum remains the most abundant taxon through
the whole stratigraphical interval referred to this zone
(samples 23 m, 25.1 m, 27.5 m, 32 m and 33.3 m) and
usually comprises about 50–70 % of the total number
of elements in a particular sample. The two uppermost
samples are poor in conodonts but contain an increasing
number of Fahraeusodus marathonensis (Bradshaw)
elements (up to 30 %). Other components of the
conodont fauna are Protopanderodus sp., D. arcuatus,
P. simplicissimus, Ansella longicuspica Zhang, P.
flabellum, Periodon aculeatus Hadding, Erraticodon
balticus Dzik and Tripodus cf. laevis Bradshaw. The
latter species, however, is represented by only a few
specimens in the lowermost sample of the zone and its
identification remains somewhat tentative. P. aculeatus
and P. flabellum commonly occur together in the lower
Darriwilian cherts of Kazakhstan (Fig. 7d).

4.d. Polonodus sp. Biozone

This is the uppermost biostratigraphical unit in the sec-
tion (samples 40.5 m, 41.2 m, 45.4 m, 52 m and 54 m).
It is defined by the first occurrence of Polonodus sp.
and Paroistodus horridus Barnes & Poplawski in the
section. Other conodont species include A. longi-
cuspica, Histiodella holodentata Ethington & Clark,
P. aculeatus, Protopanderodus sp. and D. arcuatus. A
few elements of Nordiora are also recorded (Fig. 7i).

5. Other components of the faunal assemblages

Radiolarians, the primary sediment-producing organ-
isms, are abundant in all varieties of cherts exposed in
the section, but they are often affected or destroyed by
diagenetic dissolution in the middle part of individual
beds and are usually better preserved close to the
bedding surfaces of chert layers. Their concentrations
accentuate fine lamination, which is disrupted occa-
sionally by bioturbation. Radiolarians are also better

preserved in rocks of an intensive red colour than
in the lighter coloured cherts, where radiolarian opal
is usually completely recrystallized or occasionally
replaced by iron oxides (Fig. 5b, c).

Spicules of hexactinellide sponges (mainly monaxon
and tetraxon forms) represent another source of
siliceous bioclasts in the rock (Fig. 5a). They are usually
more abundant and better preserved near the bedding
surfaces and almost disappear towards the middle
part of individual beds. However, this stratification is
more probably related to a degree of secondary silica
recrystallization in chert layers and does not reflect
primary distribution of bioclasts in the rock.

Lingulate brachiopods are relatively common only in
the Darriwilian interval of the succession (18–25.1 m).
They are represented by micromorphic linguloids and
acrotretoids including Barbatulella? sp., Pomeranio-
treta sp. and two or three other unidentified genera
(Fig. 5e, g).

Caryocaridids are usually represented by small
fragments of carapaces (from 1 mm to 5 mm) with
a preserved cell-like structures (Fig. 5i). The cellular
structure of all fragments is almost identical. ‘Cells’
are elongated, approximately 20 micrometers in length.
The margins of some plates possess conical spines,
which are commonly preserved on their terminal ends
(Fig. 5h). These arthropod remains are very numerous
in all varieties of chert, but their preservation is very
fragmentary.

Pterobranchs usually occur as small and poorly
preserved fragments of colonies (Fig. 5f). Red varieties
of cherts in the Darriwilian interval are rich in bacterial
filaments varying greatly in size and are chaotically
oriented (Fig. 5d).

6. Discussion

The Ordovician Period was characterized by extensive
sedimentation of biogenic siliceous deposits, which are
represented mostly by radiolarites and on a much lesser
scale by spongiolites (for review, see Racki & Cordey,
2000). Strongly dislocated remnants of the sediment-
ary cover of Ordovician oceans are now preserved
in ophiolite assemblages and subduction–accretion
complexes formed along the Palaeozoic active mar-
gins of Laurentia (Danelian & Floyd, 2001; Ganis,
Williams & Repetski, 2001), Baltica (Savelieva et al.
1997), and East Gondwana (Miller & Gray, 1996;
Murray & Stewart, 2001; Robertson & Collins, 2001)
or are associated with complex tectonic collages
of Kazakhstan (Zhylkaidarov, 1998; Tolmacheva,
Danelian & Popov, 2001; Dubinina, 1991), Cen-
tral Asia (Volkova & Budanov, 1999) and Alaska
(Dumoulin et al. 1997). Records of conodont occur-
rences from these kinds of sediments leave little doubt
that these animals were among the most important com-
ponents of the pelagic biota in Ordovician oceans, how-
ever, existing data remain sparse and incomplete (for
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Figure 6. For legend see facing page.
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references, see Lamont & Lindström, 1958; Iwata et al.
1995; Popov & Tolmacheva, 1995; Zhylkaidarov,
1998; Floyd, 2001; Murray & Stewart, 2001; Dubinina,
1998; Lyons & Percival, 2002). The majority of the
reported oceanic conodont faunas contain species that
were previously supposed to be typical for theNorth
Atlantic conodont province (P. gracilis, Periodon spp.,
Pygodus spp.).

6.a. North Atlantic affinity of open oceanic
conodont faunas

Global palaeogeographical reconstructions suggest a
location of Kazakhstan in equatorial/subequatorial
palaeolatitudes (20◦ N–20◦ S) during the Ordovician
(Scotese & McKerrow, 1991). The surprising discov-
ery that conodonts from successions of ribbon-banded
radiolarian cherts in Kazakhstan are of presumably cold
water North Atlantic affinity was usually explained
previously by their deep-water habitat below the ther-
mocline level (Dubinina, 1991; Zhylkaidarov, 1998).
The majority of conodont taxa, for example, P. gracilis,
S. spinatus, D. arcuatus, O. evae, P. horridus, F.
marathonensis and representatives of Periodon and Tri-
podus lineages, are commonly documented currently
in the offshore peripheral successions of all palaeocon-
tinents, and are not considered as indicators of warm/
cold water but as open oceanic and pandemic species
(Albanesi & Barnes, 2000; Rasmussen, 1998, 2001).

The close similarity of open oceanic conodont
assemblages and conodonts from relatively shallow
and cool water successions of palaeocontinents located
at high latitudes (e.g. Baltoscandia) might be argued
to support the hypothesis of a markedly different
thermohaline oceanic circulation system in Ordovician
times from that of today (Railsback et al. 1990).
This inverse thermohaline circulation allows dispersion
of shallow and cool water species in open oceanic
environments in the photic zone above the thermocline
level. Oxygen-depleted warm, saline, deep waters
characteristic of this circulation support the formation
of organic-rich deposits, which are abundant in the
Ordovician, but are relatively rare in modern oceanic
sediments.

Figure 6. Optical photomicrographs (incident light) of thin sections showing conodonts from the P. proteus–S. spinatus zones.
(a–f) Tripodus cf. T . laevis Bradshaw, sample 9706-20.3 m, S. spinatus Zone. (a) Pb element, × 65, 12829/10. (b) Sc element, × 60,
12829/11. (c) M element, × 60, 12829/12. (d) ?Pa element, × 60, 12829/13. (e) Pb elements, × 65, 12829/14. (f) Sd element, × 60,
12829/15. (g, h) Tripodus sp. from sample 9706-1.5 m, P. proteus Zone. (g) Sb element, × 55, 12829/16. (h) Sa element, × 60,
12829/17. (i) Decoriconus peselephantis (Lindström) from sample 9706-9 m, × 80, 12829/18. (j) Protopanderodus cf. P. rectus
(Lindström), sample 9706-9 m × 70, 12829/19. (k) Cluster comprises three elements of Oelandodus sp., sample 9706-16.6 m, O.
evae Zone, × 50, 12829/20. (l) Cluster comprises eight coniform elements of Drepanodus arcuatus Pander, sample 9706-19 m, O.
evae Zone, × 55, 12829/21. (m) Prioniodus elegans Pander, Pa element from sample 9706-14.8 m, P. elegans Zone, × 65, 12829/22.
(n, p) Paracordylodus gracilis Lindstrom from sample 9706-4 m, P. proteus Zone. (n) M element, × 70, 12829/23. (p) P element, × 65,
12829/24. (o) Cluster comprises twenty-four elements of Paroistodus parallelus (Pander); twenty-one coniform and three geniculate
elements, sample 9706-9 m, P. proteus Zone. All elements in the cluster are very small and juvenile, × 50, 12829/25. (q) Paroistodus
parallelus (Pander) from sample 9706-9 m, P. proteus Zone, × 65, 12829/26. (r–t) Oepikodus evae (Lindstrom), sample 9706-16 m,
O. evae Zone. (r) Sb element, × 55, 12829/27. (t) Pa element, × 60, 12829/28. (s) ?Protopanderodus sp. from sample 9706-20.3 m,
S. spinatus Zone, × 60, 12829/29. (u, v) Prioniodus cf. P. adami Stouge & Bagnoli, sample 9706-18 m, O. evae Zone. (u) Sd element,
× 55, 12829/30. (v) Sb element, × 65, 12829/31.

6.b. Dominant character of conodont assemblages

The strong predominance of a few or a single species,
such as P. gracilis, P. flabellum, P. aculeatus, Pygodus
serra (Hadding) and P. anserinus, is a typical feature
of Early to Middle Ordovician conodont assemblages
from radiolarian cherts reported world-wide (Iwata
et al. 1995; Murray & Stewart, 2001; Dubinina, 1998).
Discovery of a species other than the dominant taxa
is relatively rare and in cases when the abundance
of conodont elements in the rock is low, the as-
semblage appears almost monospecific (Danelian &
Floyd, 2001). The relative abundance of the above-
named taxa in the Burubaital Formation corresponds
well with the generally observed pattern. In particular,
P. gracilis constitutes more then 90 % of the total
number of elements in samples 9706–4 m, 10.7 m and
14.8 m, while the abundance of P. flabellum (samples
16 m–20 m) is up to 80 % and P. aculeatus (samples
32 m–33 m) makes up to 60 % of the total number
of elements. However, there are also some intervals
where conodont assemblages include three or four
dominating species in association with less abundant
taxa (Fig. 4). Overall, the conodont assemblages
from the Burubaital Formation exhibit no significant
differences from the pattern observed in the shallow
water carbonates of Baltoscandia, which also show the
dominance of a single species in some stratigraphical
intervals characterized by abiotic events (Tolmacheva
et al. 2003).

Our observations also suggest that the apparently
monospecific or oligospecific character of conodont as-
semblages from radiolarian cherts reported elsewhere
could be in part a result of selective sampling or a side
effect of laboratory treatment. In particular, such taxa
as P. gracilis or Periodon spp. are relatively large and
easily recognizable taxa, and they are a primary subject
of sampling in the field even if they are not the most
numerous in a particular sample.

6.c. Eutrophic oceans

The radiolarian cherts of the Burubaital Formation
most probably represent a sedimentary cover of the
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Figure 7. For legend see facing page.
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oceanic basement formed in open oceanic environ-
ments somewhere between the eastern margin of
Baltica and equatorial East Gondwana. These almost
pure, biosiliceous sediments are characterized by minor
siliciclastic input and were formed far from any source
of fine siliciclastic and volcanic material.

The minimum sedimentation rate of radiolarites
of the Burubaital Formation, estimated by assuming
that continuous deposition completely spanned the
Lower Ordovician, was approximately 1.5 m per m.y.
This rate of sedimentation is comparable with data
on the sedimentation rates of different Mesozoic and
Cenozoic ribbon-banded radiolarites (Molinie & Ogg,
1992) and comparable with those from zones of modern
accumulations of radiolarian oozes, despite the fact
that modern oozes contain a significant siliciclasitic
input (Sadler, 1981; Schindel, 1980). Radiolarites from
another area of Kazakhstan, in the Ushkyzyl Formation
(South Predchingiz Region), are characterized by even
thicker (> 120 m) chert successions than those of the
Burubaital Formation (Zhylkaidarov, 1998).

The accumulation rates of opal have been often
used as a proxy for productivity (e.g. Pokras, 1986)
and, as shown recently, high primary productivity
of surface seawater and distribution of cherts show
positive correlation through the Phanerozoic (Bartolini,
Baumgartner & Guex, 1999). By contrast, the accumu-
lation of opal is strongly influenced by dissolution in
the water column. Oceanic water in the Ordovician was
more highly saturated with silica than Recent oceanic
water, which is typically depleted in dissolved silica
(Kidder & Erwin, 2001). Significant recrystallization
and dissolution of radiolarian shells is observed in the
lower part of the section of the Burubaital Formation,
most probably induced by increased alkalinity or sali-
nity of the bottom water. Nevertheless, relatively high
sedimentation rates of chert deposition in the early to
mid-Ordovician of Central Kazakhstan indirectly
proves a high primary biological productivity in the
basin.

Figure 7. Optical photomicrographs (transmitted light) of thin sections showing conodonts from the S. spinatus Zone and Polonodus
sp./P. horridus Zone. (a–c, e, f, j) Periodon flabellum (Lindstrom). (a) Sc element, sample 9706-41.2 m, Polonodus sp./P. horridus
Zone, × 65, 12829/32. (b) Sc element, sample 9706-20.3 m, S. spinatus Zone, × 60, 12829/33. (c) Pa element, sample 9706-20.3 m,
S. spinatus Zone, × 70, 12829/33. (e) Sd? element, sample 9706-20.3 m, S. spinatus Zone, × 70, 12829/34. (f) Sc element, sample
9706-23 m, S. spinatus Zone, × 60, 12829/35. (j) M element, sample 9706-20.3 m, S. spinatus Zone, × 60, 12829/36. (d) M element of
Periodon aculeatus Hadding and Sd? element of P. flabellum, sample 9706-33.3 m, S. spinatus Zone, × 60, 12829/37. (g, h) Spinodus
spinatus (Hadding), sample 9706-25.1 m, S. spinatus Zone. (g) Sc element, × 50, 12829/38. (h) P element, × 60, 12829/39. (l, p, y)
Paroistodus horridus (Barnes & Poplawski), Polonodus sp./P. horridus Zone. (l) Sc element, sample 9706-41.2 m, × 60, 12829/40.
(p) Sc element, sample 9706-40.5 m, × 70, 12829/41. (y) M element, sample 9706-41.2 m, × 65 12829/42. (z) Paroistodus sp., sample
9706-27.5 m, S. spinatus Zone, × 50, 12829/43. (i, t) Nordiora sp., sample 9706-52 m, Polonodus sp./P. horridus Zone. (i) Pb element,
× 95, 12829/44. (t) Sd element, × 110, 12829/45. (k) Protoprioniodus simplicissimus McTavish, sample 9706-18 m, S. spinatus Zone,
× 90, 12829/46. (m, n) Polonodus sp., sample 9706-41.25 m, Polonodus sp./P. horridus Zone. (m) Pb element, × 100, 12829/47.
(n) Pb element, × 80, 12829/48. (o) Histiodella cf. H. holodentata Ethington & Clark, sample 9706-52 m, Polonodus sp./P. horridus
Zone, × 100, 12829/49. (q–s) Ansella longicuspica Zhang, sample 9706-52 m, Polonodus sp./P. horridus Zone. (q) M element, × 90,
12829/50. (r) P element, × 90, 12829/51. (s) S element, × 90, 12829/52. (u) Erraticodon balticus Dzik, Sb element, 9706-32 m, × 50,
S. spinatus Zone, 12829/53. (v–x) Fahraeusodus marathonensis (Bradshaw), sample 9706-32 m, S. spinatus Zone. (v) P element,
× 100, 12829/54. (w) Sc element, × 95, 12829/55. (x) Sb element, × 90, 12829/56. (aa) Drepanodus arcuatus Pander, Pb (pipaform)
element from sample 9706-52 m, Polonodus sp./P. horridus Zone, × 70, 12829/57.

Figure 8. Interpretative drawings of P. oepiki (McTavish)
elements. (a) Pa element, outer view. (b) Pb element, outer view.
(c) Sc element. (d) Sb element, outer view. (e) Sd element.
(f) Sa element. (g) M element.

Preservation of defused organic matter in the cherts,
the presence of organic films, and of conodont natural
assemblages preserved intact in coprolites, are in favour
of sluggish water circulation and density stratification,
and high fertility of surface waters in the basin during
late Cambrian and early to mid-Ordovician times.

At first glance, the ribbon-banded cherts of the
Burubaital Formation in the studied section are very
similar in lithology through the time interval from
Early to Middle Ordovician. The only visible changes
are confined to the appearance of distinctive, uneven
bedding surfaces bearing numerous macrofurrows and
knolls (0.5–2 cm in diameter), and to a predominance
of red-coloured cherts in the upper part of the section.
Microscopic studies reveal, however, that cherts from
the lower and upper part of the section differ much more
significantly. The degree of organic matter utilization
and oxygenation was relatively low in the lowermost
Ordovician (up to Prioniodus elegans Zone), but
increased significantly from the Tremadocian to the
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Figure 9. For legend see facing page.
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Darriwilian. This is expressed in the disappearance
of conodont clusters, in microbioturbation of the sed-
iment, and in the appearance of strongly shredded
organic films. The diffused organic matter is char-
acteristic of laminated, black and grey cherts in the
Tremadocian part of the sequence, but it almost disap-
pears at higher stratigraphic levels, indicating a well-
oxygenated depositional environment, unfavourable
for preservation of the organic matter. The ‘jasper’
structures that are typical for sediments enriched in
iron oxides are commonly observed in the Middle
Ordovician cherts of the Burubaital Formation.

The cherts of the Ushkyzyl Formation in the
Chingiz Mountain Range, eastern Central Kazakhstan
generally resemble those of the Burubaital Formation,
although these regions are currently located more than
700 km apart (Zhylkaidarov, 1998; Tolmacheva, unpub.
data). These contemporaneous radiolarite sediments
are comparable in their thickness, in the character of
bedding, and in the taxonomic composition of conodont
assemblages. Darriwilian radiolarites of the Ushkyzyl
Formation also contain rare sponge spicules and
nodules on bedding surfaces of individual beds, which
were possibly formed during diagenesis (Zhylkaidarov,
1998). Similar variations in chert colours, from grey
and white in the Tremadoc to red in the Arenig and
Llanvirn (British series), are also characteristic of the
Ushkyzyl Formation. This indicates that increased oxy-
genation of near-bottom waters during the Tremadoc–
Arenig transition may represent a widespread phe-
nomenon in the oceanic space between Baltica and
equatorial East Gondwana. It may reflect significant
changes of characters of oceanic circulation and in
primary productivity.

7. Conclusions

Recent studies of Early Palaeozoic pelagic faunal
assemblages are confined mostly to the margins of
major continents and ancient volcanic arcs, whereas
the characters of the pelagic biota from oceanic
sediments remain mostly unknown. Diverse fossil
assemblages have been documented from the Ordovi-

Figure 9. Optical photomicrographs (incident light) of elements of P. oepiki (McTavish) and drawings of the element clusters preserving
partial apparatuses of P. oepiki. All elements and clusters are from the sample 9706-9 m, Burubaital Formation, West Balkhash Region,
Central Kazakhstan, P. proteus Zone, Tremadoc. (a) Pa element, inner view, × 75, 12829/58. (b) Pa element, outer view, × 80, 12829/59.
(c) Pb element, outer view, × 70, 12829/60. (d) Pb element, outer view, × 70, 12829/61. (e) M element, × 80, 12829/62. (f) Sa element,
× 90, 12829/63. (g) Sb element, outer view, × 85, 12829/64. (h) Sd element, inner view, × 85, 12829/65. (i) Sd element, outer view
of the element illustrated in Figure 8h: × 85, 12829/66. (j) Sc element, × 80, 12829/67. (k) Element cluster comprises one Pa element
and one Sb element, × 85, 12829/68. (l) Element cluster, × 80, 12829/69. (m) Interpretative drawing of specimen 12829/69 shown in
(l). Cluster comprises one Pa element, one Pb element, one M element, two Sc elements, two Sd elements and two S elements. The
morphology of the two latter S elements is difficult to recognize because of their overlapped position in the cluster. (n) Element cluster,
holotype, × 75, 12829/70. (o) Interpretative drawing of specimen 12829/70 shown in (n). Cluster comprises one Pa element, one Sc
element and one Sd element.

cian ribbon radiolarites of the Burubaital Formation
in Central Kazakhstan. These biosiliceous sediments
were deposited in basinal environments, inhabited
by lingulate brachiopods, sponges, pterobranchs and
unidentified arthropods. A continuous succession of
conodont biozones from the upper Cambrian to the
Middle Ordovician (lower Darriwilian) is preserved
in the siliceous sediments of this formation. Our
interpretation is that these radiolarites were deposited
in open oceanic environments characterized by high
fertility and primary productivity of surface waters.

The North Atlantic Province affinity of the oceanic
conodont fauna in Kazakhstan, typical elsewhere of
shallow, cool water epicratonic basins located in temp-
erate latitudes (e.g. Baltica and South China), could
support the hypothesis of a reversed thermohaline
oceanic circulation system in the Ordovician by comp-
arison with today. A significant increase in oxy-
genation of bottom waters is documented near the
Tremadoc/Arenig (British series) boundary, and this
shift was probably regional and related to a change in
palaeo-oceanographical circulation patterns.

The structure of the open oceanic conodont as-
semblages is no different in general from that of
shallow water environments, which also often exhibit
the dominance of a single species.

8. Systematic palaeontology

Family Prioniodontidae Bassler, 1925
Genus Prioniodus Pander, 1856

Type species. Prioniodus elegans Pander, 1856.

Prioniodus oepiki (McTavish)
Figure 8a–g; Figure 9a–o

1973 Baltoniodus oepiki sp. nov. McTavish, pp. 43–
4 (partum), pl. 2, figs 1, 10, 12, 13 (only),
text–figs 4b–c, 6o.

1973 Acodus emanuelensis sp. nov. McTavish,
pp. 40–1 (partum), pl. 2, fig. 20 (only).

?1973 Baltoniodus aff. B. triangularis
(Lindström); McTavish, p. 44 (partum),
pl. 2, fig. 7, text–fig. 4a
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1988 Prioniodus oepiki (McTavish); Stouge &
Bagnoli, pp. 135–6 (partum), pl. 12,
figs 1–3, 6–11 (only).

2001 Prioniodus oepiki (McTavish); Ganis,
Williams & Repetski, fig. 12, J–M, P, B’
(only).

Emended diagnosis. A species of Prioniodus con-
sisting of septimembrate apparatus with ramiform–
pectiniform structure. Both Pa and Pb elements with
denticulate processes; M elements with adenticulate
anterior extension of the base; S elements with large
basal sheath, deep basal cavity and denticulate pos-
terior processes; Sa elements with denticles on both
lateral processes and Sd elements bearing denticulate
outer processes and adenticulate inner lateral processes.

Description. Pa element has a thick, keeled, slightly
reclined cusp and denticulate anterior processes which
are relatively long and strongly curved inward. The
lateral processes of the majority of specimens are short
and adenticulate, but a few gerontic Pa elements bear
one to two small denticles on the lateral processes.
The anterior process usually has four to six small,
reclined denticles. The posterior process has four to six
straight or slightly reclined denticles, usually thicker
and coarser than those ones of S elements. Cusp is
relatively short and thick, compressed laterally and
keeled. Basal cavity is deep with a large basal sheath.
Pb element has a thick, slightly reclined cusp and a
base with short posterior, anterior and lateral processes;
the latter one is usually adenticulate. Denticles on
the posterior process are relatively large, straight and
compressed, about five to eight in number. Anterior
process is projected anteriorly or slightly turned inward,
usually with one to four small reclined denticles.
Lateral process is shorter than that of Pa elements. Most
of the specimens in the collection are characterized
by adenticulate lateral processes, however, there are
a few gerontic specimens bearing two denticles on the
lateral processes. Basal cavity is deep with a large basal
sheath. Sc element has a short adenticulate anticusp
and a long posterior process slightly curved aborally.
Both lateral sides of the element are usually smooth or
with flat median carina on the outer one. Denticles on
posterior process are straight and usually of about equal
size.

Sb element has a large basal sheath, a long posterior
process, an adenticulate short anticusp and a keel on
the outer lateral side of the element extending slightly
beyond the basal margin as a short adenticulated pro-
cess. The posterior process, straight or slightly turned
downward, has straight, well-developed denticles of
approximately equal sizes.

Sd element is characterized by a long adenticulate
anticusp and two lateral processes; outer one is denti-
culate. The posterior process is slightly curved aborally
and bears relatively large, straight denticles of about
equal size. Outer lateral process is long, bearing well-

developed, minute denticles. Inner lateral processes of
the adult specimen are usually twice as small as the
outer lateral processes and always adenticulate.

Sa element has two denticulate processes, which bear
small denticles. Posterior process is turned slightly
downward. Lateral processes are long and are more
than half the length of the posterior process of the adult
elements. Denticles on the posterior process are erect
and regular, whereas denticles on the lateral process
are small and slightly inclined towards the cusp. The
number of denticles on adult specimens ranges from
five to eight.

M element is oistodiform with a prominent, strongly
reclined cusp and a short adenticulate anticusp. Oral
edge of base is long, keeled and adenticulate. It joins
with the posterior keels of the cusp at an angle of
about 45 degrees. Basal cavity is relatively deep. Aboral
margin has a small bulge.

Description of clusters. Three incomplete clusters of
P. oepiki elements have been found in the sample from
unit 2 (9 m). Specimen 12829/69 (Fig. 9l, m) is an
incomplete cluster that comprises nine elements: one
Pa element, one Pb element, two Sc elements, one
Sd element, one M element and three unidentified
S elements. More precise identification of latter S
elements is impossible because of their overlapped
position in the cluster. The arrangement of elements
in the cluster retains in part their original position
near the axis of apparatus: S elements are situated in
the middle of the clusters, whereas P elements and M
element are positioned at the margins of the cluster. All
elements are relatively small and probably juvenile.
The specimen does not represent a full number of
elements within the Prioniodus apparatus, however, it
preserves partly the original orientation of the elements
and nicely illustrates the element types comprising the
multi-elemental apparatuses of P. oepiki.

Cluster 12829/70 (Fig. 9n, o) comprises three
elements: Sc, Sd and Pa elements. All elements in the
cluster are large and their morphology is easily recog-
nizable. Specimen 12829/68 (Fig. 9k) is represented by
a pair of aligned Pa and Sb elements.

The largest cluster 12829/69 comprises elements of
about equal sizes, whereas P elements of the other two
clusters are smaller than the corresponding S elements.
An observation of the element proportions in these
three clusters suggests that P elements increase their
size during growth, whereas P elements in P. oepiki
apparatuses exhibit slightly negative allometry during
ontogeny.

Remarks. P. oepiki was recorded from three continents
besides Kazakhstan: from the Cow Head Peninsula
sections of western Newfoundland (Stouge & Bagnoli,
1988), from the Emanuel Formation of Western
Australia (McTavish, 1973) and from Hamburg klippe
in Pennsylvania (Ganis, Williams & Repetski, 2001).
In all of these reports, M elements bearing small
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denticles on the anterior side of the anticusp were
suggested to be the M element of P. oepiki. However,
the M element found in cluster together with P
and S elements of P. oepiki is completely different
from that depicted by McTavish (1973) and others in
having the adenticulate short anterior extension of the
base. This adenticulate M element closely resembles
the M element assigned to the Acodus emanuelensis
McTavish (McTavish, 1973); the latter is considered to
be an M element of P. oepiki.

In Kazakhstan P. oepiki has a narrow stratigraphical
interval of distribution restricted to the upper part of the
P. proteus Zone, however, its geographical distribution
is wide; it was documented from several isolated loc-
alities and sections of the Burubaital (Tolmacheva &
Purnell, 2002) and the Ushkyzyl Formation in the
Chingiz Mountain Range (Tolmacheva, unpub. data).

Geographical and stratigraphical occurrence. Upper
part of P. proteus Zone, Burultas Tectonofacies Belt
and Chingiz Mountain Range, Central Kazakhstan.

Material. Pa elements – 8; Pb elements – 5, Sc ele-
ments – 6, Sb elements – 6, Sd elements – 10; Sa ele-
ments – 3; M elements – 7; three natural assemblages
of elements comprising nine, three and two elements.
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LAMONT, A. & LINDSTRÖM, M. 1958. Arenigian and
Llandeilian cherts identified in the Southern Uplands
of Scotland by means of conodonts, etc. Edinburgh
Geological Society Transactions 17, 60–70.
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