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A bstrac t -  Known assemblages o f the Triassic radiolarians from different regions o f the world are analyzed. 
A considerable geographic differentiation of radiolarian faunas in the middle and late Triassic is shown to result 
from their distribution throughout different climatic belts. Boreal faunas are known in northeast Asia (except 
the Koryak Upland) and north Alaska. Tropical faunas are distributed throughout the Mediterranean region and 
along the Asian and North American margins of the Pacific ocean. Owing to significant taxonomic differences 
between the boreal and tropical assemblages, the Triassic radiolarians can serve as biotic indicators of 
paleoclimates.

Various Triassic deposits, most of which contain 
radiolarians, are widespread in northeast Asia. The 
most abundant assemblages come from siliceous and 
volcanogenic-siliceous formations, which, in general, 
occur in areas adjacent to the Pacific ocean: the Koryak 
Upland, Sakhalin, the lower course of the Amur River, 
eastern Primor’e, and eastern Japan. The great similar
ity between the radiolarian assemblages of these 
regions allowed us to trace recognized biostratigraphic 
units from Japan to the Koryak Upland (Bragin, 1991). 
Triassic radiolarians were also studied in many regions 
of various paleogeographic and paleoclimatic belts: 
North America, the Mediterranean belt, the Philip
pines, and northeast Siberia. Therefore, it seems 
pertinent to compare radiolarian assemblages from 
northeast Asia with those from other regions in order to 
find out whether those assemblages can be confidently 
correlated with paleoclimate environments.

So far, radiolarians of the early Triassic and early- 
middle Anisian age have only been studied in a few 
localities of Japan and the Sikhote-Alin’ area, and in 
many cases the data are incomplete. Therefore, the mid
dle Triassic (late Anisian-early Ladinian) assemblages, 
which are the most thoroughly studied, should be ana
lyzed first. Typical assemblages of this age are known 
from sequences of the Sikhote-Alin’ area (the Dal’ne- 
gorsk Settlement), Sakhalin (the Yunona Mountain), 
and Japan (Bragin, 1991, 1991; Blome, 1987; Nish- 
izono et al., 1982; Takashima and Koike, 1982; 
Yao, 1982). These assemblages are dominated by vari
ous species of the Pseudostylosphaera (P. japonica, 
P. tenue, P. acrior, P. spinulosa, and others) and Triasso-

campe (T. deweveri, T. scalaris, and others) genera. 
Representatives of the Eptingiidae (Eptingium man- 
fredi) and Pentactinocarpidae (Pentactinocarpus fusi- 
formis, P. acanthicus) families, and genus Yeharaia 
(K japonica, Y. elegans, Y. annulata) are typical. The 
assemblages from the above regions differ insignifi
cantly in composition. An assemblage from the upper 
Anisian-lower Ladinian strata of the Koryak Upland 
(Bragin, 1991) is identical to them.

A comparative analysis of the Pacific and coeval 
Mediterranean assemblages of Italy (De Wever et al., 
1990; Dumitrica et al., 1980; Martini et al., 1989) and 
Slovenia (Gorican, 1990) shows that the latter are dom
inated by the same taxa, except for genus Yeharaia, 
which is rare in the Tethys area. In addition, members 
of the Oertlispongiidae family are common in the Mid- 
iterranean area (Dumitrica et al., 1980), but sporadic in 
eastern Russia and Japan. This, however, can be 
explained by a better preservation of thin skeletal ele
ments of Oertlispongiidae in the Tethyan carbonate 
rocks than jaspers and siliceous rocks of other regions. 
The northeast Asian genus Yeharaia is also present in 
the middle Triassic assemblages from the Philippines 
(Cheng, 1989; Yeh, 1990), similar to those from Japan, 
the Sikhote-Alin’ area, and Sakhalin. So, in general, 
the late Anisian-early Ladinian assemblages from the 
Pacific margins and die Alpine region are very similar 
in composition.

Let us now consider the late Ladinian-early Kamian 
interval. An assemblage of this age dominated by diverse 
Muelleritortiidae (Muelleritortis cochleata, Tritortis kre- 
taensis) and Pseudostylosphaera (P. inaequata, P. imper-



spicua) is known from sequences of the Dal’negorsk 
Settlement (the Primor’e), the Yunona Mountain 
(Sakhalin), the Koryak Upland (Bragin, 1991), and dif
ferent regions of Japan (Nakaseko and Nishimura, 1979; 
Nishizono et al., 1982). The assemblage contains also 
Triassocampe deweveri, Yeharaia elegans, and Penta- 
ctinocarpus fusiformis inherited from the underlying 
beds, and in addition the representatives of genus 
Xiphotheca (X. dimidiata, X  sp.). The above taxa 
(except Xiphotheca) are characteristic of the upper 
Ladinian-lower Camian strata of the Alpine-Mediterra
nean area (De Wever, 1984; Kazintsova and Lozynyak, 
1986; Kozur, 1988, 1988; Kozur and Krahl, 1984), 
where they occur together with abundant Oertlispongii- 
dae and representatives of the genus Ditortis, unknown 
in the Pacific area. Finally, late Ladinian assemblages 
were recorded in western Canada and are similar in 
composition to those from northeastern Asia (Cordey 
eta l., 1988).

The late Camian-early Norian assemblages were 
described from key sections of the Triassic siliceous 
strata in the Sikhote-Alin’ area and Sakhalin 
(Bragin, 1991). Assemblages from the Koryak Upland 
(Bragin, 1991, 1991) and Japan (Nakaseko and 
Nishimura, 1970, Nishizono et al., 1982; Takashima 
and Koike, 1982; Yao, 1982; Yoshida, 1986) are also 
well studied. The assemblages are dominated by 
Capnuchosphaeridae (Capnuchosphaera triassica, 
C. theloides, C. lea, and others) and Capnodocinae 
(Capnodoce anapetes, C. antiqua, and others). Repre
sentatives of the genera Japonocampe, Xiphotheca, and 
Syringocapsa are common in them. This composition of 
radiolarian assemblages is typical of most localities in 
northeast Asia. However, a more diverse assemblage 
was found in the eastern section of Koryak Upland 
(Bragin, 1991). In addition to the mentioned taxa, this 
assemblage contains the genera Pentaspongodiscus, 
Orbiculiforma, Veghicyclia, and Kamospongella. This 
assemblage is identical to the Tethyan assemblages of 
Sicily, Greece, Turkey, and Austria, and, having a more 
diverse composition, differs from most of the east 
Asian assemblages (De Wever et al., 1979; Kozur and 
Mostler, 1972, 1979, 1981). The late Camian-early 
Norian radiolarians also occur in many regions of 
North America: Oregon, California, and Mexico 
(Blome, 1984; Pessagno et al., 1979). Similar in com
position to the assemblages from Japan and east Rus
sia, they are characterized by a particular abundance of 
Capnuchosphaeridae and Capnodocinae. The separate 
assemblages of north Alaska (Blome, 1987) have a tax
onomic composition similar to the above assemblages, 
but show a relative scarcity of members from the Cap
nodocinae family. Thus, in the late Camian-early 
Norian time interval, the Pacific and Tethyan radio
larian faunas differ mainly at the species level 
(Blome, 1987). Only the north Alaskan assemblages 
differ at the genus and family ranks.

The early Norian-Rhaetian (?) assemblages are 
known in the same regions and sequences of northeast 
Asia as the older ones (Bragin, 1991). Abundant repre

sentatives of the Satumalidae family (Praemesosatur- 
nalis, Pseudoheliodiscus, Mesosatumalis, and others), 
the Pantanelliinae subfamily (Betraccium and Pan- 
tanellium), and the genera Canoptum (C. rhaeticum) 
and Livarella (L. longus, L. gifuensis, and L. densipo- 
rata) are typical of these assemblages. Their composi
tion remains the same in localities from the Koryak 
Upland to Japan and the Philippines (Bragin, 1991; 
Yao, 1982; Yeh, 1992; Yoshida, 1986). The coeval 
Tethyan assemblages are known in the Alps (Kozur and 
Mostler, 1972,1979,1981). They are generally similar 
with a slight difference in the species composition, par
ticularly members of the family Satumalidae. In con
trast, most of the North American assemblages differ 
notably from both the east Asian and Tethyan ones, 
having a greater abundance and diversity of the subfam
ilies Pantanelliinae (Betraccium, Cantalum, and Pan- 
tanellium) and multicyrtid nassellarians (Laxtorum). 
These assemblages are known in Mexico, Oregon, Brit
ish Columbia, and south Alaska (Blome, 1984, 1987; 
Carter, 1990; Carter et al., 1989; Pessagno et al., 1979; 
Pessagno and Blome, 1980). At the same time, very 
poor assemblages with a low diversity of genera 
Pantanellium and Ferresium are found in the Brooks 
Range, north Alaska (Blome, 1987). A similar assem
blage was discovered in the upper Norian strata of New 
Zealand (Blome et al., 1987).

This analysis permits the following conclusions. 
The late Anisian-early Ladinian time is characterized 
by an extraordinary similarity between the east Asian, 
North American, and Tethyan radiolarian assemblages. 
The same is true for the late Ladinian-early Camian. 
In the late Camian-middle Norian, the assemblages of 
the different regions began to be diverge; the Brooks 
Range assemblage of Alaska being the most specific. 
The differences became more distinct in the late 
Norian-Rhaetian, when one can distinguish at least 
three groups of assemblages restricted to certain prov
inces: Tethys-east Asia, North America, and north 
Alaska (the figure). The New Zealand assemblage is 
referred to the last province. The regional distribution 
and fauna differentiation in the Triassic was already 
recognized using Ammonoidea, Nautiloidea, Bivalvia, 
and other fossils as examples (Dagys etal., 1979). In the 
case of radiolarians this can be observed only in the late 
Triassic, and is characteristic of the north Alaskan and 
New Zealand faunas.

The rest of the regions are characterized by a great 
similarity in fauna, perhaps caused by their location in 
a single climatic belt, in this case, the tropical one. The 
especially strong similarity of east Asian and Tethyan 
assemblages has long attracted the attention of bios
tratigraphy, paleontology, and tectonics specialists. It 
should be emphasized that the middle and especially 
upper Triassic strata of the Koryak Upland and other 
regions of northeast Asia adjacent to the Pacific ocean 
are characterized by tropical associations of diverse 
organisms (not only radiolarians): cephalopods, bivalves, 
conodonts, corals, and foraminifers (Bragin, 1991). 
The occurrence of such faunas in these regions is
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Localities o f the middle and late Triassic radiolarians.
The Mediterranean and East Asian tropical provinces: /  -  the Alps and Hungary; 2 -  Southern Italy and Sicily; 3 -  the Carpathians; 
4 -  Greece and Crete; 5 -1 \irk e y ; 6 -  Cyprus and Syria; 7 -L e sse r  Caucasus; 8 -O m an ; 9 - t h e  Philippines; 10 -  Japan; 
11 -  Sikhote-Alin’ and western Manchuanguan; 12 -  Sakhalin; 13 -  the Koryak Upland. The North American tropical-subtropical 
province: 14 -  southern Alaska; 15 -  British Columbia; 16 -  Oregon; 17 -  California; 18 -  Mexico. The North American boreal 
province: 19 -  the Brooks Range. The Notal province: 20 -  New Zealand. The East Siberian boreal province: 21 -  the Omolon 
massif; 22 -  Kotel’nyi Island.

anomalous, as the polar area is thought to have 
existed in the Koryak-Kamchatka region at that time 
(Zakharov and Sokarev, 1990). The plate tectonics 
reconstructions discussed earlier (Bragin, 1991) were 
introduced into the discussion as a possible explanation 
of this phenomenon. Up to now, in spite of their evi
dently controversial character, there is no convincing 
alternative to these reconstructions.

Nevertheless, whether the composition of the Trias
sic radiolarian assemblage can indicate their climatic 
distribution, or, in other words, whether the radiolari
ans can serve as reliable climatic indicators is an issue 
that needs clarification. This is a question of the utmost 
importance because radiolarians are often the only 
group of organisms occurring in siliceous rocks unac
companied by other fossils. The above analysis does 
not suggest considerable differences between radiolar
ian assemblages of different and very remote regions. 
These faunas do not seem promising as climatic indica
tors. Yet new radiolarian occurrences were recently dis
covered in the boreal Triassic strata of northeast Siberia 
(Bragin, 1990). The composition of these assemblages 
is essentially different from previously known assem
blages, and requires special discussion.

The most diverse assemblages were distinguished 
from the upper Anisian-lower Ladinian beds of the 
Omolon massif. Contemporaneous faunas occur in

Kotel’nyi Island. Poorly preserved and less diverse 
radiolarian assemblages of the early (Olenekian) and 
late (Camian) Triassic also are known from this region. 
The upper Anisian-lower Ladinian strata contain 
spherical spumellarians with archaic skeletal spicula 
similar to Paleozoic Entactiniidae, spherical and diskoi- 
dal forms with spongy shells assigned to the subfamily 
Spongodiscoidea, various spherical spicula-free 
spumellarians with several lattice shells, as well as rare 
representatives of the genera Pseudostylosphaera, 
Archaeothamnulus, Pentactinocarpus, Hozmadia, and 
Triassocampe. The Omolon massif has no taxa charac
teristic of the deposits of the tropical Tethyan and 
Pacific regions, such as the Eptingiidae, Oertlispongii- 
dae, and Foremanelliidae families, and the genera 
Yeharaia, Anisicyrtis, Poulpus, and others. The species 
composition of the genera Pseudostylosphaera and 
Triassocampe is considerably less diverse. The assem
blage has a peculiar archaic character, and is, in gen
eral, impoverished. These features allow us to recognize 
the regions of its distribution as a special, boreal province 
(the figure). The boreal character of this province, as 
well as the north Alaska (the Brooks Range) region is 
indicated by both the composition of fossils 
(Ammnonoidea and other mollusks, see Dagys et al., 
1979), and the type of lithogenesis characterized by the 
intensive development of terrigenous deposits dong 
with a minimum carbonate accumulation. Regions like



B ritish  C o lum bia show  specific  assem blages o f  
am m onoids (and possib ly  rad io larians) including both  
trop ica l and  b o re d  elem ents (D agys et a l 1979).

T hus, the  great d ifference in  high-level taxonom y 
betw een  the  boreal and  trop ica l T riassic radiolarian  
assem blages confirm s earlier conclusions that the  sim 
ilarity  be tw een  the M editerranean  and K oryak U pland  
assem blages suggests a  trop ical o rig in  o f  the latter. The 
w ide  geographical d istribu tion  o f  the tropical rad io lar
ian  assem blages supports the no tion  th a t a w arm , glaci- 
a tion-free  clim ate ex isted  du ring  the  Triassic, w hen 
there  w as on ly  a sm all boreal area. Som e o f  the dom i
n an t therm ophilic  assem blages are present, w hich  can 
b e  in terp re ted  to  be transitional (subtropical, southern  
boreal, e tc .); fo r exam ple, th o se  o f  north  A laska  and 
N ew  Z ealand . Finally, from  all that has been stated  it is 
c lear th a t the  com position  o f  the T riassic rad io larian  
assem blages is to  a  g rea t ex ten t dependent on  the ir 
occurrence  in  a given clim atic  province, and tha t the 
T riassic rad io larians can  be considered  bio tic  ind icators 
o f  clim ate.
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