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Introduction

The Central Asian orogenic belt (CAOB; e.g. Jahn et 
al., 2000) contains numerous geological records, which 
are critical for reconstructing a lost major ocean domain 
called the Paleo-Asian Ocean (PAO; e.g. Berzin and 
Dobretzov, 1994). The PAO was not a single wide ocean 
but consisted of numerous continental blocks separated 
by oceans with several subduction systems. The closure 
of the PAO proceeded from the late Carboniferous to late 
Permian–early Triassic (Zonenshain et al., 1990; Sengör 
et al., 1993; Buslov et al., 2001; Dobretsov, 2003; Ota 
et al., 2007; Windley et al., 2007; Safonova et al., 2012; 
Xiao et al., 2015, etc.). The remaining fragments of its 
sedimentary record bear evidence of distinct Early Paleo-
zoic organisms, some of which differ from those from 
coeval strata in the rest of the world.

The Altai–Sayan Folded Belt (ASFB) in southern West 
Siberia represents a northwestern segment of the CAOB 
(Figure 1). The mountainous Gorny Altai in the western 
ASFB, in particular, exposes various orogenic units char-
acterized by strong deformation/metamorphism in mul-
tiple orogenic stages during the Paleozoic (e.g. Buslov 
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Abstract. The mountainous Gorny Altai in southern Siberia constitutes the western part of the Altai–Sayan 
Folded Belt in the northwestern part of the Central Asian orogenic belt, which contains precious records of the 
lost major Proterozoic–Paleozoic ocean called the Paleo-Asian Ocean (PAO). This paper briefly introduces the 
latest microfossil (radiolarian and conodont) information recovered from the Lower Paleozoic siliceous and 
carbonate sequences of the Gorny Altai. The fossils of planktonic biota inhabited in PAO range back to the 
early Cambrian, in which the world’s oldest radiolarians are included. In addition, numerous well-preserved 
conodonts as well as graptolites were recovered from Cambrian, Ordovician, and Silurian strata in the Gorny 
Altai. These recorded the Early Paleozoic biodiversity and their secular change both in pelagic and continental 
margin settings within PAO.
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and Watanabe, 1996; Ota et al., 2007). Previous research 
demonstrated that the Gorny Altai orogenic collage 
includes various distinct fragments derived from ancient 
oceanic seamount, volcanic arc, accretionary complex, 
and strata of shelf facies (Buslov et al., 2001, 2004, 
2013; Dobretsov, 2003; Uchio et al., 2004; Buslov, 2011; 
Safonova et al., 2011, etc.). Among these various rocks, 
deep-sea chert and shallow marine carbonates are particu-
larly important in constraining the age of lost ocean floors 
and in reconstruction paleoenvironments of past oceans, 
as summarized by Isozaki (2014).

Ever since the first report on Cambrian radiolarians 
(Iwata et al., 1997), the cherts in the Gorny Altai yielded 
various Early Paleozoic radiolarians, conodonts, and 
graptolites (Iwata et al., 1997; Obut and Iwata, 2000; 
Sennikov et al., 2003, 2008, 2018, 2019a, b; Obut, 2011) 
that include the oldest radiolarians of the world, and also 
other Neoproterozoic microfossils (Uchio et al., 2004, 
2008). In this regard, the microfossil data archive in the 
Gorny Altai is significant not only in the regional study of 
CAOB/PAO but also in the global study of faunal evolu-
tion and the Cambrian explosion. The present short article 
briefly introduces the current status of microfossil studies 
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in the Gorny Altai, which include several potential new 
aspects on early animal evolution and relevant environ-
mental changes since the time of the Proterozoic−Paleo-
zoic boundary.

Microfossil-bearing strata

Ocean-derived Cambrian–Early Ordovician strata in 
the northwestern part of Gorny Altai are composed of vol-
canics and siliceous beds. They belong to the Sanashtyk-
gol, Tayanza, and lower Tuloi horizons (Russian termi-
nology for the regional stages) (Figures 2, 3). The Lower 
Cambrian Shashkunar Formation of the Sanashtykgol 
Horizon in the central Gorny Altai is composed of lime-
stone interbedded with siliceous shale and chert (Obut 
and Iwata, 2000; Zybin et al., 2000), which occurs within 
the Katun’ accretionary complex (Zybin et al., 2000; 
Dobretsov et al., 2004; Safonova et al., 2011a). These 
siliceous–carbonate sequences were primarily accumu-

lated on the slope of an ancient mid-oceanic seamount 
of hotspot origin, according to the geochemistry of the 
underlying OIB-type basalts (Manzherok Formation). 
The cherts and limestones yielded radiolarians and small 
shelly fossils (SSFs) (Figure 2).

Particularly significant is the Upper Cambrian–Lower 
Ordovician Zasur’ya Group of the Tayanza and lower 
Tuloi horizons, which consist of three units in ascend-
ing order; i.e., Listvennaya, Talitsa, and Marcheta forma-
tions (Sennikov et al., 2008, 2018). Siliceous rocks of all 
three formations commonly yielded radiolarians and con-
odonts (Figures 2, 3). The Zasur’ya sequence, consists of 
MORB and OIB-type basalts associated with chert, sili-
ceous mudstone, siltstone, and sandstone. Among these, 
fine-grained strata, such as chert and siliceous mudstone, 
are regarded to have been incorporated into ancient accre-
tionary complexes in the NW Gorny Altai (Sennikov et 
al., 2008, 2019a; Safonova et al., 2011b), and they repre-
sent oceanic sedimentary settings with respect to the con-

Figure 1. Sketch-map for the western part of the Altai–Sayan Folded Area, south of West Siberia, modified after Buslov et al. (2001) 
and Safonova et al. (2011b).
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E. Paleozoic fossil record, Gorny Altai 5

tinental margin strata of shelf and slope facies.
In contrast, Ordovician–Silurian shallow marine strata 

of continental slope and shelf facies are exposed in the 
central, northwestern, and northeastern Gorny Altai, 
which are represented by silici-/calci-clastic sequences 
(Sennikov et al., 2018, 2019a, b). The Middle Ordovi-
cian Voskresenka Formation of the Tuloi Horizon in the 
western Gorny Altai consists of sandstone, siltstone, 
mudstone, and limestone (Sennikov et al., 2008, 2019a). 
The Upper Ordovician Gur’yanovka Formation of the 
Khankhara Horizon in the north-eastern Gorny Altai is 
composed of siltstone, sandstone, limey-claystone, and 
limestone (Sennikov et al., 2008, 2019a). The Late Ordo-
vician Tekhten’ Formation of the Tekhten’ Horizon in 
northwestern Gorny Altai is dominated by limestone with 
rare intercalations of chert, whereas the so-called “Sili-
ceous-terrigenous Body” in the same unit is composed of 
interbedded sandstone, siltstone and chert (Sennikov et 
al., 2008, 2019a). The above-mentioned carbonate rocks 
in four formations yielded conodonts, whereas cherts 
of the Tekhten’ Formation and “Siliceous-terrigenous 
Body” yielded radiolarians (Figures 2, 3). In summary, 

these fossiliferous cherts/siliceous mudstone and lime-
stone recorded information of deep-sea pelagic and shal-
low marine continental settings within the same oceanic 
domain of PAO.

The Telychian (lower Silurian) Polaty, Gorstian–
Ludfordian (late Silurian) Kuimov, and Pridoli (uppermost 
Silurian) Cherny Anui formations in the northwestern and 
western Gorny Altai are composed mainly of limestone 
and limey claystone (Yolkin and Zheltonogova, 1974; 
Sennikov et al., 2008, 2019b, 2021). These carbonates 
yielded well-preserved conodonts (Figure 2); instead, no 
radiolarians were found yet in Silurian of the Gorny Altai.

In addition to radiolarians and conodonts, the occur-
rences of diverse Ordovician–Silurian faunas were also 
reported from the Gorny Altai, e.g. significant planktonic 

Figure 2. Localities of Early Paleozoic pelagic fauna (radi-
olarians and conodonts) at the Gorny Altai. I, Lower Cambrian 
sequences (1, Shashkunar Formation);  II, Upper Cambrian-Early 
Ordovician sequences (2–4, Listvenny and Talitsa formations; 5, 
Marcheta Formation); III, Upper Ordovician sequences (6, 7, Sili-
ceous-terrigenous Body; 8, Tekhten’ Formation; 9, Gur’yanovka 
Formation); IV, Silurian sequences (10, Telychian Polaty Forma-
tion; 11, Gorstian-Ludfordian Kuimov Formation; 12, Pridoli 
Cherny Anui Formation). €1, lower Cambrian; €2, upper Cam-
brian; O1, Lower Ordovician; O2-3, Middle and Upper Ordovician; 
S, Silurian.

Figure 3. Biostratigraphic units defined by conodonts for 
the Ordovician of the Gorny Altai modified after Sennikov et al. 
(2019a) and ranges of chert deposition.
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groups, such as graptolites (Sennikov, 1996; Sennikov 
et al., 2008, 2019b, etc.), which are under scrutiny. The 
next two sections overview the latest knowledge of two 

biostratigraphically significant taxa, i.e., radiolarians and 
conodonts, from the Gorny Altai.

Figure 4. SEM photographs of the Lower Paleozoic radiolarians from the Gorny Altai. 1–5, 8, Botoman (Lower Cambrian), Shash-
kunar Formation, central Gorny Altai: 1, Altaiesphaera acanthophora Obut et Iwata; 2, 3, Archeoentactinia sp.; 4, 8, Parechidnina sp.; 5, 
Altaiesphaera sp.; 6, Beothuka sp., Furongian (Upper Cambrian), Zasur’ya Group, Listvennaya Formation, NW Gorny Altai; 7, Inanigutta sp., 
Floian (Lower Ordovician), Zasur’ya Group, Marcheta Formation, NW Gorny Altai; 9–15, Katian (Upper Ordovician), Siliceous-terrigenous 
Body, NW Gorny Altai; 9, 10, Kalimnosphaera cf. maculosa Webby et Bloom; 11, 14, Borisella subulata (Webby et Bloom); 12, Protoc-
eratoikiscum chinocrystallum Goto, Umeda et Ishiga; 13, Secuicollacta cassa Nazarov & Ormiston; 15, Protoceratoikiscum cf. clarksoni 
Danelian & Floyd. Scale 100 μm.
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E. Paleozoic fossil record, Gorny Altai 7

Figure 5. SEM photographs of the Lower Paleozoic conodonts from the Gorny Altai. 1, 2, 5, 13, Furongian (Upper Cambrian), Listven-
naya Formation, NW Gorny Altai; 1, Westergaardodina bicuspidata Müller; 2, Hertzina elongata (Muller); 5, Eoconodontus notchpeakensis 
(Miller), S element; 13. Proconodonthus mulleri Miller, S element; 3, 4, 6, 7, 9, lowermost Ordovician (base), Kamlak Formation, central 
Gorny Altai; 3, Cordylodus lindstromi Druce & Jones, S element; 4, Westergaardodina sp.; 6, Furnishina sp.; 7, Eoconodontus notchpeakensis 
(Miller), S element; 9, Iapetonudus sp.; 8, 11, Tremadocian (Lower Ordovician), Talitsa Formation, NW Gorny Altai; Paroistodus cf. origi-
nalis (Sergeeva), S elements; 10, 12, Floian (Lower Ordovician), Zasur’ya Group, Marcheta Formation, NW Gorny Altai, Oepicodus evae 
(Lindstrom); 10, S element; 12, M element; 16–18, Darriwilian (Middle Ordovician), Voskresenka Formation, NW Gorny Altai, Periodon 
aculeatus Hadding; 16, P element; 17, 18, S elements; 14, 15, 25, 26, lower Darriwilian (Middle Ordovician), Voskresenka Formation, NW 
Gorny Altai; 14, 15, Parapanderodus striatus (Graves & Ellison), S elements; 25, 26, Eoplacognathus pseudoplanus (Viira), P elements. 
19, 20, upper Sandbian (Upper Ordovician), Gur’yanovka Formation, NE Gorny Altai; 19, 20, Belodina compressa (Branson & Mehl); 19, 
M element; 20, S element; 21–24, Phragmodus undatus Branson et Mehl; 21, 22, S elements; 23, M element; 24, P element; 27–29, Katian 
(Upper Ordovician), Siliceous-terrigenous Body, NW Gorny Altai; 27, 28, Protopanderodus insculptus (Branson & Mehl), S elements; 29, 
Protopanderodus sp., S element. Scale bar 100 μm.
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Radiolarians

The oldest radiolarians in the fossil record were 
reported from pelagic chert, siliceous mudstone, and 
limestone in the central Gorny Altai (Obut and Iwata, 
2000, 2005; Pouille et al., 2011; Figure 2), which are cor-
related with the Botoman (Cambrian Stage 4 in Series 2) 
(Korovnikov et al., 2013; Sennikov et al., 2017). Those 
radiolarian-bearing beds of the Shashkunar Formation of 
the Sanashtykgol Horizon are regarded accumulated on 
the slopes of a paleo-seamount of hotspot origin.

It is noteworthy that recently found well-preserved 
polycystines include genera Parechidnina Kozur, 
Mostler and Repetsky, Altaiesphaera Obut et and Iwata, 
and Archeoentactinia Won of order Archaeospicularia 
(Obut and Danelian, 2017, 2019). These echidninid and 
archeoentactinian lineages of Archaeospicularia are 
characterized by a spherical to subspherical shell with 
an irregular three-dimensionally interwoven meshwork 
made of thin, thread-like, delicate elements and bars. 
Specimens assigned to genus Archeoentactinia possessed 
a 6-rayed point-centered internal spicule. These forms 
are important clues to reveal the evolutionary lineage of 
primitive radiolarians.

The Botoman age of these radiolarian-bearing strata was 
constrained by the co-occuring trilobites that represent 
the Parapagetia-Serrodiscus Zone, and also by the SSF 
Rhombocorniculum cancellatum Cobbold ) (Korovnikov 
et al., 2013; Sennikov et al., 2017). They represent the 
oldest radiolarians known so far. Note that the previously 
reported “Early Cambrian (Cambrian Series 2, Stage 3) 
radiolarians” from the Bateny Ridge on the north-west of 
ASFA (Nazarov, 1973, 1988) were recognized as remains 
of the siliceous sponge spicules, thus cannot be listed as 
radiolarians (Obut and Danelian, 2019).

The second oldest radiolarians were reported from 
the Late Cambrian (Furongian)–Early Ordovician 
(Tremadocian–Floian) also in the Gorny Altai in its north-
western area (Iwata et al., 1997; Sennikov et al., 2003, 
2019a, b; Obut, 2011; Figure 2). These fine-grained beds 
in the accretionary complex were primarily deposited in 
deep pelagic ocean floors. Poorly preserved spumellarians 
belong to inaniguttids (Inanigutta Nazarov et Ormiston 
and Inanibigutta Nazarov et Ormiston) and antygoporids 
(Beothuka Aitchison, Flood and Malpas) were recovered 
from the pelagic siliceous shale and chert of the Zasur’ya 
Group. The age of the radiolarian-bearing beds is con-
strained to the Furongian to Tremadocian/Floian, based 
on the associated conodonts of the Protoconodontus 
muelleri–Eoconodontus notchpeakensis and Paroistodus 
proteus–Oepikodus evae zones.

Better preserved radiolarians were found from the 
Upper Ordovician siliceous mudstone and chert of the 

Tekhten’ Formation and of the “Siliceous-terrigenous 
Body” of the Tekhten’ Horizon also in the northwestern 
Gorny Altai (Obut, 2011; Obut and Semenova, 2011). 
Both formations were deposited primarily in shallower 
marine settings; i.e., the former on shelf, and the lat-
ter on slope (Figure 2). Their radiolarian assemblages 
are more diverse than those from the above-mentioned 
deep-water beds mentioned above; i.e., with albaillel-
lids (Protoceratoikiscum chinocrystallum G., Um. & I.), 
secuicollactids (Secuicollacta ornatha G., Um. & I., S. cf. 
sceptry McDonald and S. silex G., Um. & I.), entactiniids 
(Borisella subulata (Web. & Bl.), and inaniguttids (Inani-
gutta complanata Naz. and Kalimnasphaera cf. maculosa 
Web. & Bl.). The Katian age (Late Ordovician) is con-
strained by the associated conodonts of the A. ordovici-
cus Zone and graptolites of the Cl. supernus Zone (Obut, 
2011; Sennikov et al., 2018, 2019a, b).

Furthermore, the considerable diversification of Ordo-
vician radiolarians was preliminarily mentioned for the 
assemblages from other accretionary complexes in CAOB, 
and also from shelf strata in central/eastern Kazakhstan 
(Nazarov, 1975, 1988; Nazarov and Popov, 1980; Pouille 
et al., 2013, 2014) and Guansu and Junggar in China (Li, 
1995; Buckman and Aitchison, 2001; Danelian et al., 
2013). Note that sporadic but rare pieces of information 
on the earliest radiolarians were mostly reported mostly 
from CAOB, if at all, and this suggests great potential for 
future research.

Conodonts

The occurrences of conodonts were confirmed from the 
upper Cambrian, Ordovician, and Silurian in the Gorny 
Altai. The earliest conodont record for the Gorny Altai was 
reported from the siliceous rocks of the Late Cambrian–
Early Ordovician Zasur’ya Group of the Tayanza Horizon 
in the northwestern Gorny Altai (Iwata et al., 1997; 
Sennikov et al., 2008; Obut et al., 2019) (Figure 2). The 
Upper Cambrian Listvennaya Fm. yielded assemblages 
composed of typical genera of the Furongian; i.e., Wester-
gaardodina, Proconodontus, Muellerodus, Furnishina, 
Eoconodontus, and Cambrooistodus. The lowermost 
Ordovician Iapetonudus sp. and Iapetognathus sp., index 
taxa for the base of this system, were reported from car-
bonates of the Kamlak Fm. of the upper Tayanza Horizon 
in the central Gorny Altai (Sennikov et al., 2014). Further 
diversification of conodonts is observed during the Ordo-
vician and Silurian, although their occurrences are still 
rare in the Gorny Altai.

Lower Ordovician (upper Tremadocian−Floian) con-
odonts were found from fine-grained siliceous rocks of 
Zasur’ya Group in the Takoshkin–lower Tuloi horizons 
in the northwestern Gorny Altay (Figures 2, 3). These 
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conodont-bearing strata were deposited in deep-sea envi-
ronments (Sennikov et al., 2018, 2019a, b; Obut et al., 
2019). Two biostratigraphic units were recognized (Fig-
ure 3). Beds with Paroistodus proteus (upper Tremado-
cian− lower Floian) occur strictly from the violet chert 
of the upper Talitsa Formation (Zasur’ya Group), and 
red chert/siliceous mudstone of the Marcheta Formation 
(Zasur’ya Group). The assemblage includes: Paroisto-
dus cf. proteus (Lind.), Paracordylodus gracilis Lind., 
Cornuodus longibasis (Lind.), Drepanodus reclinatus 
(Lind.), Oneotodus sp., and some other species in open 
nomenclature. Beds with Oepikodus evae (late Floian) 
were recovered from red chert of the upper Marcheta 
Formation (Zasur’ya Group). The conodont assemblage 
includes: Oepokodus evae Lind., Periodon cf. flabellum 
(Lind.), Prioniodus cf. P. elegans Pander, Baltoniodus 
sp., and Drepanoistodus sp. Both biostratigraphic units 
are well defined for the deep-water Atlantic Realm Ordo-
vician strata based on taxa of cosmopolitan distribution 
(Lindstrom, 1971; Lofgren, 1994; Albanesi et al., 1998; 
Pyle and Barnes, 2002; etc.). The index-species of the 
Oepikodus evae conodont Zone is regarded as an indica-
tor of the deep-water environments in Baltoscandia and 
Kazakhstan (Tolmacheva, 2014). This level is one of the 
most globally recognized and aligned in the Ordovician, 
and appeared simultaneously on almost all continents 
(except the Siberian Platform) and considered to be a 
reflection of the eustatic transgressive event (Webby et 
al., 2004; Wu et al., 2010; Tolmacheva, 2014; Zhang et 
al., 2019; etc.). As to the first appearance of conodonts in 
the PAO domain and further diversification in the Ordovi-
cian, more complete paleontological data were reported 
from the Upper Cambrian beds in South and Central 
Kazakhstan (Zhylkaidarov, 1998; Dubinina, 2000; 
Tolmacheva et al., 2004; Tolmacheva, 2014, etc.).

Conodont-bearing beds are restricted to the lower Dar-
riwilian (Middle Ordovician). Conodonts were recovered 
from shelf carbonates of the Voskresenka Formation of 
the Tuloi Horizon in the northwestern Gorny Altai (Izokh 
et al., 2005; Sennikov et al., 2018, 2019a, b; Obut et al., 
2019) (Figures 2, 3). Beds with Periodon flabellum–Para-
panderodus striatus yield poorly preserved conodonts; 
i.e., Acodus eletsus, Protoprioniodus sp., Cooperigna-
thus sp., Periodon cf. P. flabellum (Lind.), Parapandero-
dus striatus (Gr. & El.), Juanognathus jaanussoni Serp., 
Drepanoistodus suberectus (Br. & M.), Triangulodus 
larapintinensis (Cr.), Anodontus longus Stouge & Bag., 
Naimanodus degtiarevi Tolm., Panderodus? nogami 
(Lee), and others. Beds with Eoplacognathus pseudopla-
nus yield Eoplacognathus pseudoplanus (Viira), Peri-
odon aculeatus Had., Scolopodus sp., Drepanodus arcu-
atus Pand., Ansella sp., and Paroistodus sp.

The Periodon flabellum/Periodon macrodentatus Zone 

was defined for the deep-water facies in Dapingian-
lower Darriwilian (Middle Ordovician) of Kazakhstan 
(Tolmacheva, 2014). The Eoplacognathus pseudoplanus 
Zone was established in the lower Darriwilian of Balto-
scandia (Lofgren, 2004) and South China (Zhang et al., 
2019). The index-species of this zone was reported in 
abundance maximum in shallower waters (Viira et al., 
2001; Lofgren, 2004), however presence of typical deep-
water Periodon fauna in association indicates deeper-
water environments.

Late Ordovician (late Sandbian–Katian) conodonts 
were detected in shallow-marine shelf carbonates of the 
Gur’yanovka Formation of the Khankhara Horizon, and 
in slope carbonates of the Siliceous-terrigenous Body 
of the Tekhten’Horizon in the north-eastern Gorny Altai 
(Sennikov et al., 2018, 2019a, b; Obut et al., 2019) (Fig-
ures 2, 3). Beds with Belodina compressa and Phragmo-
dus undatus characterize the late Sandbian–early Katian 
conodont assemblage that include Belodina compressa 
(Br. & M.), Phragmodus undatus Br. & M., Panderodus 
gracilis (Br. & M.), Aphelognathus sp., Phragmodus sp., 
Drepanoistodus suberectus (Br. & M.), Scolopodus sp., 
and Scandodus sp. Beds with Amorphognathus ordovi-
cicus include late Katian conodont assemblage: Proto-
panderodus cf. liripipus (Ken., Barn. & U.), Protopan-
derodus insculptus (Br. & M.), Periodon grandis (Eth.), 
Amorphognathus cf. tvaerensis Berg., Amorphognathus 
cf. ordovicicus Br. & M., Yaoxianognathus sp., Pandero-
dus sp., Decoriconus sp., Paroistodus ?mutatus (Br. & 
M.) and B. compressa (Br. & M.).

The Belodina compressa and Phragmodus undatus 
conodont zones were assigned to the late Sandbian–early 
Katian for the Midcontinent Realm (Webby et al., 2004; 
Goldman et al., 2007), North China (Zhang et al., 2019) 
and Australia (Zhen and Percival, 2017). They were also 
found on the Siberian Platform (Moskalenko, 1983). The 
conodont associations include species characteristic for 
both shallow (like B. compressa) and relatively deep-
water slope facies. The Amorphognathus ordovicicus 
Zone is recognized in Late Katian−Hirnantian for the 
Atlantic Realm, Baltoscandia and South China (Webby 
et al., 2004; Goldman et al., 2007; Zhen and Percival, 
2017; Zhang et al., 2019; Yang et al., 2021; etc.). Con-
odont association includes typical deep-water genera as 
Periodon and Protopanderodus, known from tropical 
environments (Rasmussen, 1998).

Conodonts are extremely scarce from Silurian strata 
in the Gorny Altai (Vorozhbitov, 1996; Sennikov et al., 
2008, 2019b; Obut et al., 2013). They only occur in shelf 
carbonates of the Telychian Polaty Fm. and Gorstian−
Ludfordian Kuimov Fm. in western Gorny Altai. No 
regional conodont zonation for the Silurian was estab-
lished so far. The Telychian assemblage includes: Ptero-
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spathodus amorphognathoides Wall., Pt. celloni (Wall.), 
Pt. pennatus pennatus (Wall.), Ozarkodina pirata Uyeno 
& Bar., Oz. cf. excavata (Br. & M.), Oz. hadra (Nic. & 
Rex.), Oz. cf. waugoolaensis Bischoff, Aspidognathus 
tuberculatus Wall., Pseudobelodella silurica Arm., Pan-
derodus gracilis (Br. & M.), P. cf. recurvatus (Rhodes), 
Johnognathus huddlej Mash., Aulacognathus bullatus 
(Nic. & Rex.), ?Aspelundia fluegeli (Wall.), and Pseu-
dooneotodus tricornis Dryg. The Gorstian−Ludfordian 
conodonts are represented by Ozarkodina typica Br. & 
M., Spathognathodus cf. inclinatus (Rhodes), Spatho-
gnathodus sp., Trichonodella sp. Pelekysgnathus dubius 
Jepp., Belodella cf. anormalis Coop.,Wurmiella exca-
vata (Br. & M.), Oz. cf. cadiaensis Bisch., Ozarkodina 
sp., Panderodus sp. and Belodella resima (Philip). From 
the Pridoli Cherny Anui Fm. in the central Gorny Altai, 
more conodonts were recently discovered (Sennikov et 
al., 2021). Recovered conodont associations are com-
posed of cosmopolitan Silurian genera reported from 
North America, Baltoscandia, Avalonia, China, Australia 
(Walliser, 1964; Aldridge, 1985; Bischoff, 1986; Mannik, 
1998, 2007; Wang and Aldridge, 2010; etc.) It should 
be noted that Silurian conodonts from the Gorny Altai 
require further investigation.

In contrast to conodonts, it is confirmed that grapto-
lites with similar habitat were more diverse and common 
throughout the Ordovician and lower Silurian, with 17 
established biozones for the entire Ordovician and 12 
biozones in Llandovery of the Gorny Altai (Sennikov et 
al., 2008, 2013, 2018, 2019a; Sennikov, 2013).

Discussion and conclusion

The early Paleozoic history of the Altaian segment 
of the Paleo-Asian Ocean is partly recorded in the sili-
ceous and carbonate sequences of deep-sea and shelf 
facies, which occur as exotic blocks within the strongly 
deformed geologic units in the Gorny Altai. According 
to previous paleogeographical studies, these blocks were 
incorporated into island arc systems and relevant terranes 
along the Siberian margin; they were situated in an equa-
torial or low latitudinal position of the southern hemi-
sphere (~ 100 s.l.) during the Late Cambrian−Ordovician 
(Berzin and Dobretsov, 1994; Dobretsov, 2003; Metelkin 
et al., 2012, etc.).

The early history of the planktonic groups which inhab-
ited the Altaian segment of PAO goes back to the early 
Cambrian (Series 2, Stage 4) where the oldest radiolar-
ians known so far worldwide have been found. Later in 
the Furongian, conodonts appeared first, followed at the 
beginning of the Ordovician by graptolites which become 
widespread in pelagic and shelf environments of the 
Altaian segment of PAO throughout the Early Paleozoic.

Conodont associations found in the Upper Cambrian-
Ordovician strata of the Gorny Altai include many cos-
mopolitan taxa that allow world-wide correlations with 
those from North America, Baltoscandia, Avalonia, 
Kazakhstan, Australia, and China. Late Cambrian−
Middle Ordovician conodont faunas recovered from the 
siliceous sequences of the Gorny Altai include pelagic 
taxa inhabited in tropical, deep-water environments, as 
reported from many localities belonging to the Tropical 
domain of the Open-Sea biogeographic Realm by Zhen 
and Percival (2003). Middle−Late Ordovician conodont 
associations from carbonate sequences of the Gorny Altai 
include characteristic taxa of deep-water Protopandero-
dus −Periodon biofacies, which are typical in outer-shelf 
environments of the epicontinental basins and continental 
slopes, as described from the both sides of the Iapetus 
Ocean (Rasmussen and Stouge, 1995; Rasmussen, 1998; 
Tolmacheva, 2014). The Silurian conodont fauna includes 
cosmopolitan species, however, detailed study is required 
to establish their paleogeographic relations.

The radiolarian associations from Upper Cambrian–
Lower Ordovician strata show a clear connection to those 
from Kazakhstan (Nazarov, 1975, 1988). In addition, 
radiolarian faunas from Katian (Upper Ordovician) sili-
ceous sequences of the Gorny Altai show great similarity 
with those from Australia (Noble and Webby, 2009) and 
North America (Renz, 1990). The Ordovician−Silurian 
graptolite associations are characterized by a large num-
ber of cosmopolitan taxa (Sennikov, 1996; Sennikov et 
al., 2008, 2019b), confirm openness of the paleobasin and 
allow broad inter-regional correlations.

This article briefly introduced results on micropaleon-
tological research obtained from the Gory Altai through 
work of nearly 25 years. In particular, conodonts and 
radiolarians open new windows to look into the lost oce-
anic environments of the PAO that occupied an extensive 
oceanic domain during the early Paleozoic. Nonetheless, 
studied areas are still highly limited with respect to the 
entire CAOB; therefore, more detailed research is defi-
nitely needed to reveal the hidden secrets of the PAO, by 
utilizing the analytical scheme used for the microfossil-
bearing strata in the Gorny Altai.

Acknowledgements

The author thanks Yukio Isozaki (Tokyo, Japan) and the 
Palaeontological Society of Japan for inviting her to pres-
ent a talk at the Annual Meeting of the Society in 2020. 
The author is grateful to Taniel Danelian (Lille, France) 
and an anonymous reviewer for their comments that help 
to improve the manuscript, to Yukio Isozaki for valuable 
discussions about Paleo-Asian ocean topics. This study 
was supported by the Russian Science Foundation (proj-

Downloaded From: https://complete.bioone.org/journals/Paleontological-Research on 15 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



E. Paleozoic fossil record, Gorny Altai 11

ect # 20-77-10051). This is a contribution to IGCP 653 
project “The Onset of the Great Ordovician Biodiversifi-
cation Event” and IGCP 735 project “Filling Knowledge 
Gaps in the Early Paleozoic Biodiversification”.

References

Albanesi, G. L., Hunicken, M. A. and Barnes, C. R., 1998: Bioestrati-
grafia de conodontes de las secuencias Ordovicicas del Cerro 
Potrerillo, Precordillera Central San Juan, R. Agrentina. Actas de 
la Academia Nacional de Ciencias, vol. XII, p. 7–72.

Aldridge, R. J., 1985: Conodonts of the Silurian System from the Brit-
ish Isles. In, Higgins, A. C. and Austin, R. L. eds., A stratigraphic 
index of conodonts, p. 1–263. Ellis Horwood, Chichester.

Berzin, N. A. and Dobretsov, N. L., 1994: Geodynamic evolution of 
Southern Siberia in Late Precambrian–Early Paleozoic time. In, 
Coleman, R. G. ed., Reconstruction of the Paleo-Asian Ocean, p. 
53–70. VSP International Science Publishers, Utrecht.

Bischoff, G. C. O., 1986: Early and Middle Silurian conodonts from 
Midwestern New South Wales. Courier Forschunginstitut Senck-
enberg, vol. 89, p. 1–337.

Buckman, S. and Aitchison, J. C., 2001: Middle Ordovician (Llande-
ilian) radiolarians from West Junggar, Xinjiang, China. Micropa-
leontology, vol. 47, p. 359–367.

Buslov, M. M., 2011: Tectonics and geodynamics of the Central Asian 
foldbelt: the role of Late Paleozoic large-amplitude strike-slip 
faults. Russian Geology and Geophysics, vol. 52, p. 52–71.

Buslov, M. M., Saphonova, I. Yu., Watanabe, T., Obut, O. T., Fujiwara, 
Y., Iwata, K. et al., 2001: Evolution of the Paleo-Asian Ocean 
(Altai−Sayan Region, Central Asia) and collision of possible 
Gondwana-derived terranes with the southern marginal part of the 
Siberian continent. Geosciences Journal, vol. 5, p. 203–224.

Buslov, M. M., Travin, A. V., Kulikova, A. V., Semakov, N. N., 
Rubanova, E. S., Abildaeva, M. A. et al., 2013: Tectonics and 
geodynamics of Gorny Altai and adjacent structures of the Altai-
Sayan Folded Area. Russian Geology and Geophysics, vol. 54, p. 
1250–1271.

Buslov, M. M. and Watanabe, T., 1996: Intra-subduction collision and 
its role in the evolution of the accretionary wedge: the Kurai zone 
of Gorny Altai, Central Asia. Russian Geology and Geophysics, 
vol. 36, p. 83–94.

Buslov, M. M., Watanabe, T., Fujiwara, Y., Iwata, K., Smirnova, L. V., 
Safonova, I. Yu. et al., 2004: Late Paleozoic faults of the Altai 
region, Central Asia: tectonic pattern and model of formation. 
Journal of Asian Earth Sciences, vol. 23, p. 655–671.

Danelian, T., Noble, P., Pouille, L. and Maletz, J., 2013: Paleontologi-
cal distribution of Ordovician radiolarian occurrences: patterns, 
significance and limitations. In, Harper, D. A. T. and Servais, T. 
eds., Early Paleozoic Biogeography and Palaeogeography, Mem-
oir 38, p. 407–413. Geological Society, London.

Dobretsov, N. L., 2003: Evolution of structures of Urals, Kazakhstan, 
Tien Shan, and Altai–Sayan region within the Urals–Mongolian 
fold belt (Paleoasian Ocean). Russian Geology and Geophysics, 
vol. 44, p. 3–26.

Dobretsov, N. L., Buslov, M. M., Safonova, I. Yu. and Kokh, D. A., 
2004: Fragments of oceanic islands in the Kurai and Katun’ accre-
tionary wedges of Gorny Altai. Russian Geology and Geophysics, 
vol. 45, p. 1381–1403.

Dong, X. and Zhang, H., 2017: Middle Cambrian through lowermost 
Ordovician conodonts from Hunan, South China. Journal of Pale-
ontology, vol. 91, p. 1–89.

Dubinina, S. V., 2000: Conodonts and zonal stratigraphy of the Cam-

brian–Ordovician boundary deposits, 239 p. Nauka, Moscow. 
(Transactions of GIN RAS, vol. 517). (in Russian; original title 
translated)

Goldman, D., Leslie, S. A., Nolvak, J., Young, S., Bergstrom, S. and 
Huff, D., 2007: The Global Stratotype Section and Point (GSSP) 
for the base of the Katian Stage of the Upper Ordovician Series at 
Black Knob Ridge, Southeastern Oklahoma, USA. Episodes, vol. 
30, p. 258–270.

Isozaki, Y., 2014: Memories of Pre-Jurassic lost oceans: how to retrieve 
them from extant lands. Geoscience Canada, vol. 41, p. 283–311.

Iwata, K., Sennikov, N. V., Buslov, M. M., Obut, O. T., Shokal’skii, S. 
P., Kuznetsov, S. A. et al., 1997: Late Cambrian-Early Ordovician 
age of basalt-siliceous-terrigenous Zasur’ya Formation (north-
western Gorny Altai). Russian Geology and Geophysics, vol. 38, 
p. 1463–1479.

Izokh, N. G., Sennikov, N. V. and Obut, O. T., 2005: Discovery of a 
new level in the zonal Ordovician conodont scale of the Altai–
Sayan Folded area. In, Podobina, V. M. ed., Evolution of Life on 
the Earth, p. 125–127. Proceedings of the III International. Sym-
posium, November 1–3, Tomsk. TSU Publishing House, Tomsk. 
(in Russian)

Jahn, B.-M., Wu, F. and Chen, B., 2000: Granitoids of the Central 
Asian Orogenic Belt and continental growth in the Phanerozoic. 
Transactions of the Royal Society of Edinburgh: Earth Sciences, 
vol. 91, p. 181–193.

Korovnikov, I., Sennikov, N., Danelian, T., Obut, O. and Pouille, L., 
2013: The biostratigraphic and palaeoenvironmental significance 
of Lower Cambrian (Botomian) trilobites from the Ak-Kaya sec-
tion of the Altai Mountains (southern Siberia, Russia). Annales de 
Paléontologie, vol. 99, p. 79–89.

Li, H., 1995: New  genera and species of middle Ordovician Nasselaria 
and Albaillaria from Baijingsi, Quilian Mountains, China. Scientia 
Geologica Sinica, vol. 4, p. 331–346. (in Chinese) 

Lindstrom, M., 1971: Lower Ordovician conodonts of Europe. Geo-
logical Society of America, Memoir, vol. 127, p. 21–61.

Lofgren, A., 1994: Arenig (Lower Ordovician) conodonts and biozo-
nation in the eastern Siljian District, Central Sweden. Journal of 
Paleontology, vol. 68, p. 1350–1368.

Lofgren, A., 2004: The conodont fauna in the Middle Ordovician 
Eoplacognathus pseudoplanus Zone of Baltoscandia. Geological 
Magazine, vol. 141, p. 505–524.

Mannik, P., 1998: Evolution and taxonomy of Silurian conodont Ptero-
spathodus. Palaeontology, vol. 41, p. 1001–1050.

Mannik, P., 2007: An updated Telychian (late Llandovery, Silurian) 
conodont zonation based on Baltic faunas. Lethaia, vol. 40, p. 
45–60.

Metelkin, D. V., Vernikovsky, V. A. and Kazansky, A. Yu., 2012: 
Tectonic evolution of the Siberian paleocontinent from the Neo-
proterozoic to the Late Mesozoic: paleomagnetic record and 
reconstructions. Russian Geology and Geophysics, vol. 53, p. 
675–688.

Moskalenko, T. A., 1983: Conodonts and biostratigraphy in the Ordovi-
cian of the Siberian Platform. Fossils and Strata, vol. 15, p. 87–94.

Nazarov, B. B., 1973: Radiolarians from the lower Cambrian horizons 
of the Bateny Ridge. In, Zhuravleva, I. T. ed., Problems of Lower 
Cambrian paleontology and biostratigraphy of Siberia and Far 
East, p. 5–13. Transactions of the Institute of Geology and Geo-
physics, Academy of Science of the USSR Siberian Branch, vol. 
49, Nauka, Novosibirsk. (in Russian)

Nazarov, B. B., 1975: Lower and Middle Paleozoic Radiolarians of 
Kazakhstan, 202 p. Trudy of Geological Institute, Academy of Sci-
ence of the USSR, vol. 275, Nauka, Moscow. (in Russian)

Nazarov, B. B., 1988: Paleozoic Radiolarias: Practical manual on 

Downloaded From: https://complete.bioone.org/journals/Paleontological-Research on 15 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Olga T. Obut12

microfauna of USSR, Vol. 2, 232 p. Nedra, Leningrad. (in Russian)
Nazarov, B. B. and Popov, L. E., 1980: Stratigraphy and fauna of the 

siliceous-carbonate sequence of the Ordovician of Kazakhstan 
(radiolarians and inarticulate brachiopods), 182 p. Trudy of 
Geological Institute, Academy of Science of the USSR, vol. 331, 
Nauka, Moscow. (in Russian)

Noble, P. J. and Webby, B. D., 2009: Katian (Ordovician) radiolarians 
from the Malongulli Formation, New South Wales, Australia, a re-
examination. Journal of Paleontology, vol. 83, p. 548–561.

Obut, O. T., 2011: Paleozoic radiolarians from Rudny and Gorny Altai 
(state of art, facial and taxonomic composition). In, Chuvashov, 
B. I. ed., Materials on paleontology and stratigraphy of the Urals 
and Western Siberia (Devonian and Сarboniferous), p. 45–57. 
UrB of RAS, Ekaterinburg. (in Russian)

Obut, O. T. and Danelian, T., 2017: New discoveries of Early Cambrian 
radiolarians from the Gorny Altai (south of western Siberia). Pro-
ceedings of InterRAD XV, p. 1–2.

Obut, O. T. and Danelian, T., 2019: What is the age of the earliest Cam-
brian polycystine radiolarians and what do they look like? Insights 
from the Gorny Altai (South of western Siberia). IMECT Short 
Abstracts. Estudios Geologicos, vol. 75, p. 25–26.

Obut, O. T. and Iwata, K., 2000: Lower Cambrian Radiolaria from the 
Gorny Altai (southern West Siberia). News of Paleontology and 
Stratigraphy, Supplement to Russian Geology and Geophysics, 
vol. 41, p. 33–37.

Obut, O. T. and Iwata, K., 2005: Radiolarians from Cambrian siliceous 
sequences of the Gorny Altai. Proceedings of XIII All-Russian 
micropaleontological meeting, p. 91–92. GEOS Press, Moscow. 
(in Russian)

Obut, O. T., Izokh, N. G. and Sennikov, N. V., 2013: Recent discov-
ery of Silurian conodonts from the Kuimov Formation in the 
western part of the Gorny Altai. Contributions of Interekspo 
GEO-Siberia-2013: IX International Conference “Subsurface 
management. Mining. New trends and techniques for prospect-
ing, exploration and exploitation of mineral resources. Economy. 
Geoecology”, vol. 1, p. 69–72. SSUGT, Novosibirsk. (in Russian 
with English abstract)

Obut, O. T. and Semenova, A. M., 2011: New data on Upper Ordovician 
Radiolarians from the Gorny Altai (SW Siberia, Russia). In, Guti-
errez-Marco, J. C., Rabano, I. and Garcia-Bellido, D. eds., Ordovi-
cian of the World, p. 403–407. Cuadernos del Museo Geominero, 
no. 14, Instituto Geologico y Minero de Espana, Madrid.

Obut, O. T., Tolmacheva, T. Yu. and Izokh, N. G., 2019: Ordovician 
conodont zonation for the Gorny Altai: state-of-art, potential for 
biostratigraphy. 13th International Symposium on the Ordovician 
System: Contributions of International Symposium, Novosibirsk, 
Russia (July 19–22, 2019), p. 143–144. Publishing House of SB 
RAS, Novosibirsk.

Ota, T., Utsunomiya, A., Uchio, Y., Isozaki, Y., Buslov, M. M., 
Ishikawa, A. et al., 2007: Geology of the Gorny Altai subduc-
tion–accretion complex, southern Siberia: Tectonic evolution of 
the Ediacaran–Cambrian intra-oceanic arc–trench system. Journal 
of Asian Earth Sciences, vol. 30, p. 666–695.

Pouille, L., Danelian, T. and Popov, L. E., 2014: A diverse Upper Dar-
riwilian radiolarian assemblage from the Shundy Formation of 
Kazakhstan: insights into late Middle Ordovician radiolarian bio-
diversity. Journal of Micropaleontology, vol. 33, p. 149–163.

Pouille, L., Danelian, T., Pour, M. G. and Popov, L. E., 2013: New and 
revised Inaniguttid Radiolaria and associated trilobites from the 
Upper Darriwilian (Ordovician) Shundy Formation of Kazakhstan. 
Journal of Paleontology, vol. 87, p. 1143–1156.

Pouille, L., Obut, O., Danelian, T. and Sennikov, N., 2011: Lower Cam-
brian (Botomian) polycystine Radiolaria from the Altai Mountains 

(southern Siberia, Russia). Comptes Rendus Palevol, vol. 10, p. 
627–633.

Pyle, L. J. and Barnes, C. R., 2002: Taxonomy, evolution, and biostra-
tigraphy of conodonts from the Kechika Formation, Skoki Forma-
tion, and Road River Group (Upper Cambrian to Lower Silurian), 
Northeastern British Columbia, 227 p. National Research Coun-
cil, Research Press, Ottawa.

Rasmussen, J. A., 1998: A reinterpretation of the conodont Atlan-
tic Realm in the late Early Ordovician (early Llanvirn). In, 
Szaniawski, H. ed., Proceedings of the Sixth European Conodont 
Symposium (ECOS VI). Palaeontologica Polonica, vol. 57, p. 
67–77.

Rasmussen, J. A. and Stouge, S., 1995: Late Arenig–Early Llanvirn 
conodont biofacies across the Iapetus Ocean. In, Cooper, J. D., 
Droser, M. L. and Finney, S. C. eds., Ordovician Odyssey: Short 
papers for the Seventh International Symposium on the Ordovician 
System, p. 443–447. SEPM, Pacific Section, book 77, Fullerton.

Rentz, G. W., 1990: Late Ordovician (Caradocian) radiolarians from 
Nevada. Micropaleontology, vol. 36, p. 367–377.

Safonova, I. Yu., Buslov, M. M., Simonov., V. A., Izokh, A. E., Komiya, 
T., Kurganskaya, E. V. et al., 2011a: Geochemistry, petrogenesis 
and geodynamic origin of basalts from the Katun’ accretionary 
complex of Gorny Altay (southwestern Siberia). Russian Geology 
and Geophysics, vol. 52, p. 421–442.

Safonova, I. Yu., Sennikov, N. V., Komiya, T., Bychkova, Y. V. and 
Kurganskaya, E. V., 2011b: Geochemical diversity in oceanic 
basalts hosted by the Zasur’ya accretionary complex, NW Rus-
sian Altai, Central Asia: Implications from trace elements and Nd 
isotopes. Journal of Asian Earth Sciences, vol. 42, p. 191–207.

Safonova, I. Yu., Simonov, V. A., Kurganskaya, E. V., Obut, O. T., 
Romer, R. L. and Seltmann, R., 2012: Late Paleozoic oceanic 
basalts hosted by the Char suture-shear zone, East Kazakhstan: 
geological position, geochemistry, petrogenesis and tectonic set-
ting. Journal of Asian Earth Sciences, vol. 49, p. 20–39.

Sengör, A. M. C., Natal’in, B. A. and Burtman, V. S., 1993: Evolu-
tion of the Altai tectonic collage and Paleozoic crustal growth in 
Eurasia. Nature, vol. 364, p. 299–307.

Sennikov, N. V., 1996: Paleozoic graptolites from the Central Siberia 
(systematics, phylogeny, biochronology, biology, paleozoogeog-
raphy), 225 p. SBRAS, SRC UIGGM Press, Novosibrisk. (in 
Russian)

Sennikov, N. V., 2013: Graptolite zones in the Ordovician of Russia. 
Regional stratigraphy of late Precambrian and Paleozoic of Sibe-
rian: digest of scientific papers, p. 45–58. SNIIGGiMS Publishing 
House, Novosibirsk. (in Russian)

Sennikov, N. V., Iwata, K., Ermikov, V. D., Obut, O. T. and Khlebnikova, 
T. V., 2003: Oceanic sedimentary environments and faunal asso-
ciations in Paleozoic of the southern margin of the West Siberia 
Plate. Russian Geology and Geophysics, vol. 44, p. 152–168.

Sennikov, N. V., Korovnikov, I. V., Obut, O. T., Tokarev, D. A., 
Novozhilova, N. V. and Danelian, T., 2017: The Lower Cambrian 
of the Salair and Gorny Altai (Siberia) revisited. Bulletin de la 
Société Géologique de France, vol. 188, p. 1–10.

Sennikov, N. V., Novozhilova, N. V., Obut, O. T. and Khabibulina, R. 
A., 2021: The Pridoli (Silurian) lithostratigraphy and biostratigra-
phy of Gorny Altai. Russian Geology and Geophysics, vol. 62, p. 
1268–1283.

Sennikov, N. V., Obut, O. T., Izokh, N. G., Khabibulina, R. A., Rodina, 
O. A., Lykova, E. V. et al., 2019b: The regional stratigraphic chart 
for the Silurian of the Western part of Altai–Sayan Folded Area 
(new version). Geology and mineral resources of Siberia, no. 8c, 
p. 69–134. (in Russian with English abstract)

Sennikov, N. V., Obut, O. T., Izokh, N. G., Kipriyanova, T. P., Lykova, 

Downloaded From: https://complete.bioone.org/journals/Paleontological-Research on 15 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



E. Paleozoic fossil record, Gorny Altai 13

E. V., Tolmacheva, T. Yu. et al., 2018: The regional stratigraphic 
chart for the Ordovician of the western part Altai–Sayan Folded 
Area (new version). Geology and mineral resources of Siberia, no. 
7c, p. 15–53. (in Russian with English abstract)

Sennikov, N. V., Obut, O. T., Lykova, E. V., Timokhin, A. V., Gonta, 
T. V., Khabibulina, R. A. et al., 2019a: Ordovician sedimentary 
basins and paleobiotas of the Gorny Altai, 183 p. Publishing 
House of SB RAS, Novosibirsk.

Sennikov, N. V., Tolmacheva, T. Yu., Izokh, N. G. and Obut, O. T., 
2014: The Cambrian–Ordovician Boundary in Gorny Altai. 
Doklady Earth Sciences, vol. 457, p. 792–795.

Sennikov, N. V., Yolkin, E. A., Petrunina, Z. E., Gladkikh, L. A., Obut, 
O. T., Izokh, N. G. et al., 2008: Ordovician–Silurian Biostratig-
raphy and Paleogeography of the Gorny Altai, 154 p. Publishing 
House of SB RAS, Novosibirsk.

Tolmacheva, T. Yu., 2014: Biostratigraphy and biogeography of 
Ordovician conodonts from the western part of the Central Asian 
folded belt, 264 p. VSEGEI Press, St-Petersburg (Transactions of 
VSEGEI. New Series. Vol. 356). (in Russian)

Tolmacheva, T., Holmer, L., Popov, L. and Gogin, I., 2004: Conodonts 
biostratigraphy and faunal assemblages in radiolarian ribbon-
banded cherts of the Burubaital Formation, West Balkhash region, 
Kazakhstan. Geological Magazine, vol. 141, p. 699–715.

Uchio, Y., Isozaki, Y., Busulov, M. M. and Maruyama, S., 2008: Occur-
rence of phosphatic microfossil from the Ediacaran–Cambrian 
mid-oceanic paleo-atoll limestone in the Gorny Altai Mountains, 
southern Siberia. Gondwana Research, vol. 14, p. 183–192.

Uchio, Y., Isozaki, Y., Ota, T., Utsunomiya, A., Buslov, M. M. and 
Maruyama, S., 2004: The oldest mid-oceanic carbonate buildup 
complex: Setting and lithofacies of the Vendian (Late Neopro-
terozoic) Baratal limestone in the Gorny Altai Mountains, Siberia. 
Proceedings of the Japan Academy, Series B, vol. 80, p. 422–428.

Viira, V., Lofgren, A., Magi, S. and Wickstrom, J., 2001: An Early to 
Middle Ordovician succession of conodont faunas at Maekalda, 
northern Estonia. Geological Magazine, vol. 138, p. 699–718.

Vorozhbitov, A. M., 1996: Conodonts of the Yarovka Horizon (lower 
Silurian) from the Gorny Altai. Stratigraphy and Geological cor-
relation, vol. 4, p. 101–105.

Walliser, O. H., 1964: Conodonten des Silurs. Abhandlungen des Hes-
sischen Landesamtes fur Bodenforschung, vol. 41, p. 1–106.

Wang, C. and Aldridge, R. J., 2010: Silurian conodonts from the Yang-
tze Platform, south China. Special Papers in Palaeontology, vol. 
83, p. 5–136.

Webby, B. D., Paris, F., Droser, M. L. and Percival, I. G., 2004: The 
Great Ordovician Biodiversification Event, 484 p. Columbia Uni-
versity Press, New York.

Windley, B. F., Alexeiev, D., Xiao, W., Kröner, A. and Badarch, G., 
2007: Tectonic models for accretion of the Central Asian Orogenic 
Belt. Journal of the Geological Society of London, vol. 164, p. 
31–47.

Wu, R., Percival, I. G. and Zhan, R., 2010: Biodiversification of Early 
to Middle Ordovician conodonts: a case study from the Zitai For-
mation of Anhui Province, eastern China. Alcheringa: An Austral-
asian Journal of Palaeontology, vol. 34, p. 75–86.

Xiao, W., Windley, B., Sun, S., Li, J., Huang, B., Han, C. et al., 2015: 
A tale of amalgamation of three Permo–Triassic collage systems 
in central Asia: oroclines, sutures, and terminal accretion. Annual 
Review of Earth and Planetary Sciences, vol. 43, p. 477–507.

Yang, Z., Jing, X., Zhou, H., Wang, X., Ren, H., Shen, Y. et al., 2021: 
Katian (Late Ordovician) conodonts on the northwestern margin 
of the North China Craton. Journal of Paleontology, vol. 95, p. 
805–826.

Yolkin, E. A. and Zheltonogova, V. A., 1974: Ancient Dechenellidae 
(trilobites) and Silurian stratigraphic of the Gorny Altai, 90 p. 
Nauka Press, Novosibirsk. (in Russian)

Zhang, Y. D., Zhan, R. B., Zhen, Y. Y., Wang, Z. H., Yuan, W. W., Fang, 
X. et al., 2019: Ordovician integrative stratigraphy and timescale 
of China. Science China Earth Sciences, vol. 62, p. 61–88.

Zhen, Y. Y. and Percival, I. G., 2003: Ordovician conodont biogeogra-
phy – reconsidered. Lethaia, vol. 36, p. 357–370.

Zhen, Y. Y. and Percival, I. G., 2017: Late Ordovician conodont biozo-
nation of Australia – current status and regional biostratigraphic 
correlations. Alcheringa: an Australasian Journal of Palaeontol-
ogy, vol. 41, p. 285–305.

Zonenshain, L. P., Kuzmin, M. I. and Natapov, L. M., 1990: Plate tec-
tonics of the USSR: a plate-tectonic synthesis. American Geophys-
ical Union Geodynamic Series, vol. 21. p. 1–242. 

Zhylkaidarov, A., 1998: Conodonta from Ordovician ophiolites of cen-
tral Kazakhstan. Palaeontologica Polonica, vol. 43, p. 53–68.

Zybin, V. A., Sennikov N. V., Ieata, K., Obut, O. T., Kurtigeshev, V. 
S., Khlebnikova, T. V. et al., 2000: New data on the microfauna 
and geologic structure of the areas of development of the Lower 
Cambrian Shashkunar siliceous-carbonate-terrigenous Forma-
tion (Gorny Altai). Russian Geology and Geophysics, vol. 41, p. 
499–516.

Downloaded From: https://complete.bioone.org/journals/Paleontological-Research on 15 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use


