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Abstract—Foraminifer assemblages from five massifs of the Triassic limestones of the Dalnegorsk District
have been described for the first time, and images of these foraminifers are provided. Foraminifer associations
are found here on all the known stratigraphic levels, except for the Rhaetian. In the massif of Mount Verkhnii
Rudnik, four foraminifer assemblages have been recorded within the interval from the Carnian to the top of
the Norian. The foraminifer assemblages in the Dalnegorsk limestones are comparable to the coeval foramin-
ifer associations of the Carpathians and the Alps. The research results make it possible, for the first time, to
compare the foraminifer assemblage composition between various limestone massifs and different strati-

graphic levels.
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The Triassic limestones in the vicinity of the city of
Dalnegorsk, Primorsky Krai, have been known since
the early 20th century, and various groups of the
organic world are studied in them (Punina, 1999)
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(Fig. 1). The first mention of foraminifers, without
identifying their species and genera, was made by
O. Weigel (1914). To date, there are no dedicated pub-
lications on foraminifer research, although, a number
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(b)

Fig. 1. Triassic limestone massifs in the city of Dalnegorsk and its vicinities, Primorsky Krai: (a) Study area in Primorsky Krai;
(b) location of the Triassic carbonate massifs in the Dalnegorsk District: (1) Mount Sakharnaya, (2) Mount Verkhnii Rudnik,
(3) Mount Bol’nichnaya, (4) Mount Kamennye Vorota, (5) Mount Partizanskaya, (6) area of Podstantsiya, (7) Mount

Vokzal’naya, (8) Mount Gorelaya, (9) Mount Primorskaya, (10)
1999, with amendments).

Mount Nikolaevskaya, and (11) Mount Kar’ernaya (Punina,
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of works consider some species or genera without pro-
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Fig. 2. Comparison of the distribution of Triassic foraminifers with the biozone scale by corals in the limestone massifs of the
Dalnegorsk District, Primorsky Krai.

members of three foraminifer genera are published, book by T.A. Punina (1999).

Fig. 3. Triassic foraminifers from the limestone massifs of Mount Bol’nichnaya, Mount Kamennye Vorota, Mount Sakharnaya,
and Mount Verkhnii Rudnik, Dalnegorsk District, Primorsky Krai: (a, b) Pilamminella gemerica (Salaj, 1969), (a) no. 13331/4,
(b) 13331/5, Mount Bol’nichnaya, trench 1558, t.s. GB-16; (¢, d) Trochammina almtalensis Koehn-Zaninetti, 1968,
(c) no. 13331/8, (d) no. 13331/9, Mount Bol’nichnaya, trench 1558, t.s. GB-16; (e) Glomospirella sp., no. 13331/2, Mount
Kamennye Vorota, t.s. 87; (f) “Permodiscus” planidiscoides Oberhauser, 1964, no. 13331/19, Mount Kamennye Vorota, t.s. 87;
(g) Parvalamella friedli (Kristan-Tollmann, 1962), no. 13331/20, Mount Kamennye Vorota, t.s. 87; (h) Triasina ? sp.,
no. 13331/23, Mount Kamennye Vorota, t.s. 87; (i) Nodosaria ex gr. ordinata Trifonova, 1965, no. 13331/28, Mount Kamennye
Vorota, t.s. 87-20; (j) Palaeolituonella meridionalis (Luperto, 1965), no. 13331/12, Mount Sakharnaya, t.s. S-58-2; (k) Textularia
ex gr. haeusleri Kaptarenko, 1959, no. 13331/13, Mount Sakharnaya, t.s. S-58-2; (1) Nodosinella ex gr. siliqua Trifonova, 1972,
no. 13331/14, Mount Sakharnaya, t.s. S-58-1; (m) Agathammina austroalpina Kristan-Tollmann et Tollmann, 1964,
no. 13331/26, Mount Sakharnaya, t.s. S-58-2; (n) Tolypammina gregaria Wendt, 1969, no. 13331/1, Mount Verkhnii Rudnik,
t.s. 172; (o) Trochammina almtalensis Koehn-Zaninetti, 1968, no. 13331/7, Mount Verkhnii Rudnik, t.s. 101; (p) Gaudryinella ? sp.,
no. 13331/11, Mount Verkhnii Rudnik, t.s. 101.
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and the presence of foraminifer is noted for almost
ing their images. The only work where images of each described bed of the Triassic limestones, is the
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To study foraminifers, T.A. Punina provided
72 thin-sections from the collection of corals collected
in the 1980s and 1990s from five localities: Mount
Verkhnii Rudnik and its right shoulder, Mount
Sakharnaya, Mount Nikolaevskaya, Mount Kamen-
nye Vorota (trench 1005), and Mount Bol’nichnaya
(Fig. 1). Foraminifers were found and examined in
20 thin-sections. The thin-sections from the Rhaetian
limestones were not available for the research. The
studied collection of foraminifers in thin-sections is
deposited at the Chernyshev Central Scientific
Research Geological Survey Museum (TsNIGR
Museum) under no. 13331.

In thin-sections from the carbonate deposits of
Mount Bol’nichnaya, which, judging by corals, corre-
spond to beds with Coryphyllia moisseevi (Upper
Ladinian?—Lower Carnian) (Punina, 1999), the fol-
lowing foraminifer association was identified: Pila-
mminella gemerica, Trochammina almtalensis, and
Nodosaria ? sp. (Figs. 2, 3a—3d). The species Pilammi-
nella gemerica is typical of the Anisian—Lower Car-
nian of the Carpathians and Bulgaria, while the spe-
cies Trochammina almtalensis was recorded from sedi-
ments of the Anisian in China and the Caucasus, the
Anisian—Carnian (probably Norian) in Europe, and
the Norian in the Pamirs (Salaj et al., 1983; Oravecz-
Scheffer, 1987; Vuks, 1988; Efimova, 1991; Trifonova,
1992; Pronina and Vuks, 1996; Vuks, 1996; Velleditis
et al., 2003; Gale et al., 2015). This stratigraphic level
is known only from the limestone massif of Mount
Bol’nichnaya (Punina, 1999).

In the thin-sections from the limestone massif of
Mount Nikolaevskaya, on the stratigraphic level of
beds with Volzeia badiotica (Carnian) (Punina, 1999),
the poorest assemblage of foraminifers was found,
Endotebanella sp., which occur in deposits of the
Lower Triassic—Carnian in Europe and Asia (Rettori,
1995).

In the limestone massif of Mount Kamennye
Vorota, from the stratigraphic level of beds with Vol-
zeia badiotica (Carnian) (Punina, 1999), the following
foraminifer association was recorded: Glomospirella sp.,
“Permodiscus” planidiscoides, Parvalamella friedli, Nodo-
saria ex gr. ordinata, Triasina (?) sp. (Figs. 2, 3e—3i).
From this foraminifer assemblage, in one of the thin-
section we found one section of Triasina (?) sp., iden-
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tified rather conditionally because of the poor preser-
vation of its test. The species Parvalamella friedli
occurs in sediments from the Anisian to the Rhaetian
in Europe and Asia, the Upper Triassic in America,
and is also an index species for zones determined
based on foraminifers of the Rhaetian in the Carpath-
ians and the Norian in the Caucasus (Zaninetti, 1976;
Salaj et al., 1983; Efimova, 1991; Trifonova, 1993;
Vuks, 1996; Rigaud et al., 2012). The species “Permo-
discus” planidiscoides is typical of Ladinian—Rhaetian
deposits in Europe (Salaj et al., 1983).

In the limestone of Mount Sakharnaya, foramini-
fers were found in the thin-sections from a strati-
graphic level which corresponds to the beds with Mar-
garosmilia melnikovae (Lower Norian) (Punina, 1999).
This foraminifer assemblage is represented by Palaeo-
lituonella meridionalis, Textularia ex gr. haeusleri,
Nodosinella ex gr. siliqua, and Agathammina austroal-
pina (Figs. 2, 3j—3m). The species Palaeolituonella
meridionalis and Agathammina austroalpina occur in
the Middle—Upper Triassic in Europe and Asia (Salaj
et al., 1983; Trifonova, 1993; Rettori, 1995; Vuks,
1996). Both species, Palaeolituonella meridionalis and
Agathammina austroalpina, are known from sediments
of the Middle—Upper Triassic in Europe and Asia
(Salaj et al., 1983; Trifonova, 1992, 1993; Rettori,
1995; Pronina and Vuks, 1996; Vuks, 1996; Martini
et al., 2009; Senowbari-Daryan and Link, 2017).

In the massif of Mount Verkhnii Rudnik and its
right shoulder, foraminifers were recorded from differ-
ent levels of carbonate sediments. In the limestone
beds with Volzeia badiotica (Carnian) (Punina, 1999),
the following foraminifers were identified: Tolypammina
gregaria, Trochammina almtalensis, Gaudryinella (?) sp.,
Aulotortus oscillens, Agathammina austroalpina, and
Diplotremmina ex gr. astrofimbriata (Figs. 2, 3n—3p,
4a—4d). The species Tolypammina gregaria Wendt is
found in the Olenekian—Rhaetian of Europe, Turkey,
and the Mangyshlak (Zaninetti, 1976; Salaj et al.,
1983; Trifonova, 1992; Pronina and Vuks, 1996; Vuks,
1996, 2007), and Aulotortus oscillens occurs in the
Ladinian—Rhaetian of Europe (Oberhauser, 1964;
Salaj et al., 1983). The species Trochammina almtalen-
sis and Agathammina austroalpina are known from
sediments of the Middle—Upper Triassic of Europe
and Asia, as noted above. Higher, on the level of the

Fig. 4. Triassic foraminifers from the massifs of Mount Verkhnii Rudnik, Dalnegorsk District, Primorsky Krai: (a, b) Aulotortus
oscillens (Oberhauser, 1957), (a) no. 13331/21, (b) no. 13331/22, Mount Verkhnii Rudnik, right shoulder, t.s. VP-12; (c) Agatham-
mina austroalpina Kristan-Tollmann et Tollmann, 1964, no. 13331/24, Mount Verkhnii Rudnik, right shoulder, t.s. VP-12;
(d) Diplotremmina ex gr. astrofimbriata Kristan-Tollmann, 1960, no. 13331/28, Mount Verkhnii Rudnik, t.s. 198; (e): (A) Pila-
mminella ex gr. begani (Salaj, 1969), no. 13331/3, (B) Dentalina sp., no. 13331/27, Mount Verkhnii Rudnik, t.s. 233; (f) Pseudobo-
livina ? globosa Kristan-Tollmann, 1973, no. 13331/6, Mount Verkhnii Rudnik, t.s. 236; (g) Trochammina almtalensis Koehn-
Zaninetti, 1968, no. 13331/10, Mount Verkhnii Rudnik, t.s. 236; (h) “Permodiscus” planidiscoides Oberhauser, 1964,
no. 13331/18, Mount Verkhnii Rudnik, t.s. 236; (i) Agathammina austroalpina Kristan-Tollmann et Tollmann, 1964,
no. 13331/25, Mount Verkhnii Rudnik, t.s. 236; (j) Diplotremmina ex gr. astrofimbriata Kristan-Tollmann, 1960, no. 13331/29,
Mount Verkhnii Rudnik, t.s. 239; (k, 1) Duostomina turboidea Kristan-Tollmann, 1960, (k) no. 13331/31, (1) no. 13331/30, Mount
Verkhnii Rudnik, t.s. 236; (m—o0) Endotebanella ex gr. bicamerata (Salaj, 1967), (m) no. 13331/15, (n) no. 13331/16, (o)

no. 13331/17, Mount Verkhnii Rudnik, t.s. VR-200.
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beds with Margarosmilia melnikovae (Lower Norian)
(Punina, 1999), the following foraminifers were pres-
ent: Pilamminella ex gr. begani, Pseudobolivina (?) glo-
bosa, Trochammina almtalensis, “Permodiscus” plani-
discoides, Agathammina austroalpina, Dentalina sp.,
Diplotremmina ex gr. astrofimbriata, and Duostomina
turboidea (Figs. 2, 4e—41). The species Pseudobolivina (?)
globosa was found in Europe from the Anisian to the
Rhaetian (Zaninetti, 1976; Salaj et al., 1983; Vuks,
1988; Trifonova, 1992); the species Duostomina tur-
boidea, in the Upper Ladinian—Carnian of the Alps
and Hungary, the Rhaetian of the Carpathians, the
Upper Triassic of Cyprus, and the Norian of Afghani-
stan (Zaninetti, 1976; Salaj et al., 1983; Oravecz-
Scheffer, 1987; Martini et al., 2009). The species Tro-
chammina almtalensis, Agathammina austroalpina, and
“Permodiscus” planidiscoides were recorded from the
Middle—Upper Triassic of Europe and Asia, as noted
above, except for the latter species that appears in the
Ladinian. At the level of beds with Gablonzeria kipar-
isovae (Middle Norian) (Punina, 1999), the only spe-
cies identified from limestones was Trochammina alm-
talensis, typical of the Middle—Upper Triassic of
Europe and Asia, as already mentioned above. In the
limestones corresponding to beds with Meandrostylis
tener (Upper Norian) (Punina, 1999), the following
foraminifers were found: Endotebanella ex gr. bicamer-
ata (Salaj), Trochammina sp., and Calcitornella (?) sp.
(Figs. 2, 4m—40). The species Endotebanella bicamer-
ata (Salaj) is typical of the Anisian—Norian of Europe
and Asia (Salaj et al., 1983; Trifonova, 1993; Pronina
and Vuks, 1996), although our specimens were deter-
mined with an open nomenclature. Thus, in the car-
bonate Triassic sediments of Mount Verkhnii Rudnik,
foraminifer assemblages have been found, according
to the division of the Triassic by corals (Punina,
1999), in four beds with corals, within the strati-
graphic interval from the Carnian to the Upper
Norian.

In 2017, Prof. Rossana Martini and her PhD stu-
dent Giovan Peyrotty from the department of Earth
Sciences at the University of Geneva started an official
collaboration with Dr Valery Vuks (Russian Geologi-
cal Research Institute, Saint Petersburg) and Drs Tati-
ana Punina and Igor Kemkin (Far East Geological
Institute, Vladivostok). In the same year, they carried
out a field mission in the Dalnegork area to visit and
accurately sample some of the localities reported in
this work, and many others. The purpose of their
project is to perform an accurate sedimentological,
biostratigraphical and diagenetic study of the Upper
Triassic limestones from the Panthalassa Ocean
(REEFCADE project to R.M.). For this reason, we
expect further joint integrated research on the above-
considered limestones.

Thus, it can be stated that foraminifer assemblages
with different degrees of representation, both very
poor and quite diverse, have been first described from
five carbonate limestone massifs in the city of Dalne-
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gorsk and its vicinities. Images of most of the listed
foraminifers, with some of them identified to species,
are provided for the first time. In these carbonate mas-
sifs, foraminifer associations are found on different
stratigraphic levels, while in the massif of Mount
Verkhnii Rudnik four foraminifer assemblages have
been recorded within the interval from the Carnian to
the top of the Norian. The identified foraminifer
assemblages in the Dalnegorsk limestones are most
comparable with the coeval foraminifer assemblages of
the Carpathians and the Alps. The results of the study,
for the first time, make it possible to understand the
composition of assemblages in different limestone
massifs and at different stratigraphic levels, as well as
to consider the diversity of the foraminifer association
in the Triassic limestones located in the vicinity of
Dalnegorsk.
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