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Abstract A warm-water fauna and flora from a Carboniferous limestone xenolith that was captured during
penetration of deep intraplate Cenozoic basalts through a Paleozoic carbonate platform have been found on
Zhokhov Island, New Siberian Archipelago (NSA). This limestone xenolith contains a very high taxonomic
diversity of Moscovian (Middle Pennsylvanian) tropical foraminifera and calcareous algae. As this warm-water
biota never occurs north of the forbiddance line, i.e., 30-35°N/S, this fauna and algal flora constrain the
paleogeography and interpretation of the paleotectonics in the region. Thus, the location of the most of
the New Siberian Archipelago islands at that time must have been within tropics or subtropics. Analyses of
the existing data on fusulinid distribution within the Arctic region indicate that Zhokhov and Wrangel Islands
were still a part of Alaska-Chukotka composite terrane as late as in the Artinskian. Both fusulinid and
detrital zircon provenance data suggest that the Chukotka microplate, NSA, and Wrangel Island probably
were close to Arctic Alaska until Triassic time. The fusulinids from the Mankomen Formation and other
formations in Wrangelia show a strong affinity with the Uralo-Franklinian province regions including the
Sverdrup Basin, Spitsbergen, Barents Sea, and Timan-Pechora and the northern-central Urals rather than with
northern Panthalassa.

1. Introduction

A number of recent Late Paleozoic paleogeographic maps show the Siberian Craton and various arctic islands
positioned outside the tropic belt at 40° to 70°N paleolatitudes [Scotese, 2004; Cocks and Torsvik, 2007; Blakey,
2008; Golonka, 2011; Lawver et al., 2011]. These reconstructions, which were developed from paleomagnetic
data, zircon provenance, and lithofacies distribution, generally lack biogeographic data. Paleomagnetic
reconstructions, of course, can provide a very precise paleogeographic position of any measured location
relative to the appropriate paleopole. However, the existing published reconstructions vary significantly lar-
gely due to postsedimentary alteration and other complexities associated with the recovery of the primary
magnetic signal. Thus, reconstructions based on paleomagnetic data cannot always be relied upon.
Compounding this problem, the chronostratigraphic constraints utilized in the paleomagnetic reconstruc-
tions are often poor (examples in Pisarevsky [2005]).

Recently developed methods of assessing detrital zircon provenance have produced plausible paleogeo-
graphic models and reconstructions [Kuzmichev, 2009; Drachev et al., 2010; Miller et al., 2013; Pease et al.,
2014; Ershova et al., 2015]. These zircon provenance studies show the distribution of the sediment possessing
these zircons and point to the possible source region but do not give any information on the exact paleopo-
sition and paleoenvironments of the sampled sandstones. In addition, there can be poor chronostratigraphic
control on the samples due to lack of recent biostratigraphy in many Arctic localities. For example, the
sequence with the sample (WR-35B) in Wrangel Island that has been considered as Late Devonian-Lower
Mississippian in age [Miller et al., 2010] in accordance with the geological map [Kos’ko et al., 1993] yielded
fusulinid of Moscovian age (the author personal data). The distribution of the ages of the detrital zircon
population from this sample contrasts sharply with the data from other Mississippian sequences in Wrangel
but has strong similarity with Middle Pennsylvanian and Lower Permian sequences in Wrangel and particularly
with the detrital zircon populations from Upper Paleozoic strata of the Seward Peninsula and Brooks Range-
North Slope of northern Alaska [Miller et al., 2010]. Similarly, the consideration of the age of the rocks from
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Figure 1. Bathymetric map of Arctic Ocean and surrounding areas. Locations mentioned in the text: 1, Zhokhov Island, NSA
[Makeev et al., 1991 and this paper]; 2, North Chukotka [Solovieva, 1975]; 3, Wrangel Island [Kos’ko et al., 2013]; 4, Northwind
Ridge [Stevens and Ross, 1997]; 5, Mendeleev Ridge [Kaban’kov et al., 2008]; 6, Alaska, Brooks and Lisburne Ridges [Ross,
1967]; 7, Delta River (Wrangelia terrane) [Petocz, 1970]; 8, Sverdrup Basin [Harker and Thorsteinsson, 1960; Davydov, 1991;
Groves et al., 1994]; 9, North Greenland [Nilsson et al., 1991; Davydov et al., 2001]; 10, Spitsbergen [Nilsson and Davydov,
1997]; 11, Franz Josef Land [Davydov, 1997]; 12, Novaya Zemlya [Nakrem et al., 1991]; 13, Barents Sea Shelf [Ehrenberg et al.,
2000]; 14, Mezen’ depression [Kashik et al., 1969]; 15, Kolguev island [Davydov, 1997]; and 16, Timan-Pechora [Grozdilova
and Lebedeva, 1961; Konovalova, 19911. The thick red line is South Anyui Suture (modified from Kuzmichev and Pease [2007])
that divides Arctida from the rest of the terranes.

where detrital zircon populations are studied, as a rule, is done in accordance of older geological maps and
rarely, if at all, checked with the current biostratigraphy from these sequences [Miller et al., 2013; Pease et al.,
2014; Ershova et al., 2015]. However, as in case with age deviation of the sample WR-35B from Wrangel
Island, the lack of chronostratigraphic control may produce significant errors in the interpretation of detrital
zircon populations and consequently incorrect paleotectonic interpretations and reconstructions.

In contrast to geophysical (paleomagnetic) results that are very sensitive to samples subjected to even mod-
erately high temperatures and pressures, the biota is preserved even in samples subjected to greenschist
facies metamorphism. In addition to chronostratigraphic constrains, biota captures paleoenvironmental infor-
mation, especially factors such as water salinity, depth, and temperature. At the margins of the paleoclimatic
belts and/or biogeographic provinces, where the shift from a warm to a temperate fauna occurs quite sharply,
the biota provides or may provide the precise paleolatitudinal position of climatic zones and associated pro-
vinces. Biotic data, therefore, provide information on the paleoposition of continental/microcontinental
masses or parts of such masses if they are displaced from their original position. The aim of this paper is to
document the foraminiferal fauna from Zhokhov Island, New Siberian Archipelago (NSA), assess the paleogeo-
graphy of the archipelago during the Pennsylvanian, and provide some insights regarding the paleolatitudinal
position of NSA, Wrangel Island, and N-W Chukotka regions at this time.

2. Geological Setting

Zhokhov is a very small island (10 x 15 km, 76°8'N, 152°54'E) belonging to the De-Longa groups of islands in
the northeastern part of the New Siberian Archipelago, Russia (Figure 1), the latter being the western part of
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Figure 2. Paleogeographic reconstruction of Northern Hemisphere (slightly modified from Lawver et al. [2011]).
Forbiddance line, the line of the maximum northward (and southward in Southern Hemisphere) distribution of warm-
water fusulinids and green algae. The position of the line is given for the global warming event during earliest Moscovian
time. AA, Arctic Alaska; ACCT, Alaska-Chukotka composite terrane marked by the green line; AFR, Africa; AMR, Amuria;

B, Barents Sea Shelf; BAL, Baltica Shield; CA, Sverdrup; CH, Chukotka terrane; FJL, Franz Josef Land; GR, Greenland; KAZ,
Kazakhstania; NAM, North American Craton; NCB, North China Block; NSA, New Siberian Archipelago, including Zhokhov
Island; NSA abbreviation used for two potential positions, one (NSA') for the position of the Archipelago (~50°N) on the
common paleogeographic maps [Scotese, 2004; Cocks and Torsvik, 2007; Blakey, 2008; Golonka, 2011] and NSA proposed
here position south from forbiddance line (~35°N); NZ, Novaya Zemlya; SIB, Siberia Craton; SP, Spitsbergen; SZ, Severnaya
Zemlya; TM, Taimyr; T-P, Timan-Pechora; W, Wrangel Island; WCT, Wrangelia Terrane; WST (WCT) abbreviation used for two
potential positions, one (WCT') for the position of the terrane on the common paleogeographic maps (~0-35°N and 3-5
thousand kilometers west from Laurentia) [Nokleberg et al., 2000; Belasky et al., 2002; Scotese, 2004; Cocks and Torsvik, 2007;
Blakey, 2008; Colpron and Nelson, 2009; Golonka, 2011], and second—WCT—proposed here position south from forbid-
dance line (~30°N) and within the Alaska-Chukotka composite terrane. The terranes under discussion highlighted with
black color. Ural Mountains (or orogenic belt) developed between Baltic Shield (BAL) and Kazakhstania (KAZ).

the Alaska-Chukotka composite terrane (ACCT) (Figure 2), named in the Russian literature as New Siberian-
Chukchi fold belt or New Siberian Platform [Kuzmichev, 2009; Kos'ko et al., 2013]. The ACCT in general or its
different parts were also named in the literature as Hyperborea [Shatsky, 1935] or Arctida [Zonenshain and
Natapov, 1987] or as Crockerland [Embry, 1988].

The oldest Paleozoic strata in the archipelago are Cambrian and Ordovician shallow-water siliciclastics and
limestone replaced upward by Devonian turbidites in Bennett and Henriette islands, which are located near
Zhokhov Island [Kos’ko et al., 2013]. These sequences are overlain by thin Lower Cretaceous sandstone and
carbonaceous mudstone followed by alkaline basaltic lava sheets with thin lenses of tuffaceous mudstone.
The mudstone contains spore and pollen characteristic of the late Early Cretaceous [Kos’ko et al., 2013].
Zhokhov Island itself consists of Cenozoic (Miocene-Pleistocene) basalts with xenoliths of Neoproterozoic

DAVYDOV

BIOTIC THERMOMETRY CONSTRAINS PZ3 ARCTIC 2160



@ AG U Tectonics

10.1002/2016TC004249

Table 1. Algae (Light Brown) and Foraminifera Recovered From the Limestone in Zhokhov Island®

No Genus Species Author Year
1 Donezellg® Lunaensis Racz 1966
2 Eﬂugeliab Johnsoni Flugel 1966
3 Epimastoporab Grandis Tchuvashov and Anfimov 1988
4 Epimastopora sp.

5 Palaeoberesella sp.

6 Stacheoides cf. Meandriformis Mamet and Rudloff 1972
7 Stacheoides Tenuis Petryk and Mamet 1972
8 Maslovoporidiumb Delicata Berchenko 1982
1 Ammovertella Vaga Reitlinger 1950
2 Bradyina cf. Venusta Reitlinger 1950
3 Climacammina Aljutovica Reitlinger 1950
4 Cribrostomum sp.

5 Eofusulina® cf. Triangula Rauser and Belyaev 1938
6 Eostaffella Postmosquensis Kireeva 1951
7 Globivalvulina Granulosa Reitlinger 1950
8 Globivalvulina Mosquensis Reitlinger 1950
9 Globivalvulina Pulchra Reitlinger 1950
10 Globivalvulina Minima Reitlinger 1950
11 Globivalvulina Syzranica Reitlinger 1950
12 Globivalvulina Granulosa Reitlinger 1950
13 Mediocris® Breviscula Ganelina 1951
14 Mediocris Cupellaeformis Ganelina 1951
15 Millerella Umbilicata Kireeva 1951
16 Millerella Carbonica Grozdilova and Lebedeva 1950
17 Millerella Symmetrica Manukalova 1969
18 Monotaxinoides Subplanus Brazhnikova and Jartseva 1956
19 Novella Primitiva Rauser 1951
20 Novella Evoluta Grozdilova and Lebedeva 1950
21 Novella cf. Intermedia Rauser 1950
22 Omphalotis cf. Omphalotis Rauser and Reitlinger 1940
23 Palaeonubecularia sp.

24 Palaeotextularia Angusta Reitlinger 1950
25 Palaeotextularia Gibbosaeformis Reitlinger 1950
26 Palaeotextularia Longissima Reitlinger 1950
27 Palaeotextularia Primitiva Reitlinger 1950
28 Profusulinella® aff. Prisca Deprat 1912
29 Pseudoammodiscus cf. Minima Brazhnijkova and Potievskaya 1952
30 Pseudoammodiscus cf. Compactus Brazhnijkova and Potievskaya 1952
31 Pseudoglomospira Pusiliformis Reitlinger 1950
32 Pseudoglomospira Elegans Reitlinger 1950
33 Pseudoglomospira Pusiliformis Reitlinger 1950
34 Pseudostaffella cf. Kyselensis Grozdilova and Lebedeva 1950
35 Pseudostaffella aff. Paracompressa Safonova 1951
36 Reitlingerina Preobrajenskyi Dutkevich 1934
37 Reitlingerina Mirabilis Rauser 1951
38 Reitlingerina Variabilis Rauser 1951
39 Schubertella Procera Rauser 1951
40 Schubertella Gracilis Rauser 1951
41 Schubertella® Magna Lee and Chen 1934
42 Schubertina Pseudoglobulosa Safonova 1951
43 Staffellaeformis Staffellaeformis Kireeva 1951
44 Tetrataxis Corona Cushman and Waters 1928
45 Tolypammina Complicata Reitlinger 1950
46 Trepeilopsis Minimus Dain 1958

Data from Makeev et al. [1991]. Trilobites: Griffithinoides kasykurti Weber, Griffithinoides longicepts Weber. Rugosa
corals: Caninia irinae Gorskyi early Moscovian age (identification of Dr. O. Kossovaya).

bAlgae.

cSpecies that were found in both NSA and Melville Island, Canadian Arctic [Rui et al., 1991].
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and Paleozoic rocks, suggesting a Neoproterozoic basement in Zhokhov and the other islands of NSA [Kos’ko
and Korago, 2009; Kuzmichev, 2009]. The Carboniferous limestone block that is the object of this study is inter-
preted as a xenolith in basalt, representing a fragment of the same carbonate platform exposed in Kotel'ny
and Bel'kovsky Islands of the NSA. This xenolith was captured during the assent of the deep intraplate
Cenozoic basaltic magma through the Paleozoic carbonate platform [Kos’ko et al., 2013]. Geological and
geophysical constraints suggest that the ACCT extends as far west as the NSA and includes most of the
immense and poorly known east Siberian continental shelf and Taimyr [Parfenov et al., 1993; Drachev et al.,
1998; Sokolov et al., 2002]. The alternative model suggests the extension of the Uralian structure directly into
Taimyr and NSA or through Novaya Zemlya [Scott et al., 2010]. Some of the recent detrital zircon provenance
studies in the NSA suggest that the Late Paleozoic, synorogenic foreland basin deposits of the Uralian orogen
are continuous through Taimyr toward the NSA [Scott et al., 2010; Pease et al., 2014]. Another suggestion is
that the paleoposition of NSA was along the northern margin of Laurentia-Baltica, at least during the Late
Devonian-Mississippian [Ershova et al., 2015]. According to Miller et al. [2013], the Triassic of the Lisburne
Hills of Alaska, Chukotka, and Wrangel Island possesses nearly identical sources for the detrital zircon
populations, whereas the absence of Precambrian 1100-1800 Ma zircons populations in those areas allies
them with Bol’shoi Lyakhov Island of NSA and Siberia.

3. Material

During an expedition to Zhokhov Island in 1990, Prof. Mikhail A. Anisimov from the Arctic and Antarctic
Research Institute, St. Petersburg, Russia, found a small limestone block (xenolith) in the volcanic Cenozoic
breccia near the meteorological station. There were several other Paleozoic and Precambrian xenoliths in
Zhokhov and other NSA islands reported from these volcanic rocks of intraplate origin with the depth of
the melting exceeding 60 km [Kos’ko et al., 2013]

Having observed many fossils on the surface of the limestone, Prof. Amisimov brought this block back to
paleontologists (including the writer) for investigation. The limestone is completely silicified, but preservation
of the fossils is good enough for the identification and recognition of the original rock texture. The rock is a
light grey to white silicified bioclastic limestone (Figure 1, photo in the upper right corner) rich in fossils,
including brachiopods, trilobites, corals, and foraminifera [Makeev et al., 1991]. The entire list of the fossils
can be found in Table 1. The recognized fossils include 6 genera and 7 species of algae and 25 genera and
46 species of foraminifera in the studied thin sections (Table 1).

4. Discussion
4.1. The Biostratigraphy and Age Constraints

Due to strong silicification of the rock, the preservation of the fossils is not always good, but many important
features of the foraminifera are well manifested. Red and green algae (Figure S1 in the supporting information)
have been identified, suggesting a warm, shallow-water environment. The algae are known to characterize tro-
pical, Middle and Upper Pennsylvanian in many regions globally [Mamet, 1991]. Palaeoberesella, Donezella,
Efluegelia, and Stacheoides are long-ranging genera. Donezella lunaensis in the Urals is an index zone of upper
Bashkirian, although it also ranges into the Moscovian [Ilvanova, 2013]. The green algae Epimastopora are most
common in the Permian and are also known in Bashkirian and Moscovian [Ivanova, 2013].

The majority of the foraminifera in the studied sample are small so the sample could be interpreted as tem-
perate environment carbonates [Solovieva, 1975; Dixon and Haig, 2004; lvanova, 2008; Davydov and Arefifard,
2013] (Figures S1 and S2). However, the presence of warm-water green algae and typical tropical fusulinids
(Novella, Eofusulina) suggests that the dominance of smaller foraminifera in the studied collection is deter-
mined by the preservation mode rather than cool-water environments. The preservation of the morphology
of the larger forms in the studied collection is medium to poor, due to great silicification of the limestone. The
majority of the forms identified at the species level but often with cf,, aff., and ex gr. qualifiers (Figures S1and S2).
The interpreted age of the studied sample, nevertheless, is very solid.

Most of smaller foraminifera are long-ranging forms and in general characterize the Late Mississippian to
Pennsylvanian. The important fusulinid taxa are Novella, Schubertella, Pseudostaffella, Profusulinella,
Staffellaeformis, and Eofusulina. The first appearance datum (FAD) of Novella is upper Bashkirian. The identified
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species (Figures 4.24-25), which are characteristic for the upper Bashkirian and lower Moscovian, occur in the
vast area that extends from the Arctic to Tethys [Grozdilova and Lebedeva, 1960; lvanova, 2008; Manukalova-
Grebenyuk et al., 1969; van Ginkel, 2010]. Schubertella FAD, which is upper Bashkirian as well, is very rare in this
sample. The genus is very common in the Moscovian, becomes rare in Upper Pennsylvanian, and ranges
through the Permian [Davydov, 2011; Rauser-Chernousova et al., 1996]. The recognized Schubertella species
appears in the Moscovian and ranges upward into the Kasimovian [Davydov, 2009, 2011; Nikolaev, 2011;
Rauser-Chernousova et al., 1996]. Pseudostaffella is a very characteristic middle-upper Bashkirian and lower
Moscovian genus. It is rare in the upper Moscovian where it is replaced by Neostaffella and Hanostaffella.
The Pseudostaffella species recognized in the sample are characteristic for upper Bashkirian and lower
Moscovian [Dzhenchuraeva, 1997; Manukalova-Grebenyuk et al., 1969; Nikolaev, 2005]. Staffellaeformis is a very
common genus in the upper Bashkirian of Timan-Pechora and Urals and is also widely distributed in Tethys
[Grozdilova and Lebedeva, 1950; Ivanova, 2008; Leven et al., 2006; Nikolaev, 2005; Ueno et al., 2007]. The upper
range of that genus is lowermost Moscovian. Profusulinella prisca (Deprat) is known in a vast territory from the
Canadian Arctic to Japan and China/Indo-China. In the Russian Platform and Urals this species is generally
considered to be early Moscovian [Rauser-Chernousova et al., 1951; Kulagina et al., 2009], although it is also
documented from what is considered as uppermost Bashkirian [lvanova, 2008]. The latter interpretation,
however, among other taxonomic complications, is also related to the problem of the definition of the
Bashkirian-Moscovian boundary that has been debated in the international working group for the last 20 years
[Davydov et al., 2012].

The last and very important form identified in the collection is Eofusulina cf. triangula (Rauser and Belyaev).
Two specimens (Figures 4.49-50) are oblique and incomplete, and the exact identification is not possible.
These forms have a relatively large elongate and triangular shape, very large initial chamber, deep and
intensely fluted septa, and relatively loose coiling. No foraminifera with such attributes are known in the
upper Bashkirian and lower Moscovian other than Eofusulina. This morphology best fits with the above men-
tioned genus; the species are identified with the cf. qualifier. In terms of biogeography, the genus is a typical
tropical taxon, widely distributed within the Tethys from Cantabrian Mountains to Donets Basin, in Turkey
Taurids, Central Asia, China, and Japan [Davydov, 2009; Dzhenchuraeva and Okuyucu, 2007; van Ginkel,
1965; Rumyantseva, 1974; Toriyama, 1953]. The single specimen of Eofusulina was documented in lower
Canyon Fiord Formation in Melville Island, Canadian Arctic [Rui et al., 1996], and occurred in an assemblage
that closely resembles that of Zhokhov Island. In Spitsbergen and in North Greenland, Eofusulina was found
in slightly younger upper lower Moscovian (Kashirian) deposits [Forbes, 1960; Ross and Dunbar, 1962].

Eofusulina has recently been proposed as an index of the Bashkirian-Moscovian boundary in the International
time scale [Davydov, 2009; Groves, 2011]. The upper range of the species is upper Moscovian [lvanova, 2008].

Taking into consideration the above mentioned taxonomic information, it is clear that the studied limestone
belongs to the lower Moscovian, Vereian, or Kashirian Regional Stage of Russian Platform and the Urals. This
age is consistent with the previously published coral data [Makeev et al., 1991]. The presence of diverse algae,
fusulinids, and rugose corals suggests the occurrence of this location within the warm-water tropics-
subtropics of the early Moscovian global interglacial warming episode [Davydov, 2014].

4.2. Paleobiologic and Environmental Constraints of Foraminifera and Algae

Two major shallow-water assemblages exist in Carboniferous and Permian foraminifera: warm-water tropical-
subtropical larger foraminifera and cool-to-cold water smaller calcareous and agglutinated foraminifera. The
latter foraminifera represent a large group of long-ranging protozoans (over 750 genera) possessing the
longest stratigraphic ranges among the foraminifera, with no lateral and/or bathymetrical limits in distribu-
tion [Gerke, 1961; Bogush and Yuferev, 1966; Yuferev, 1968; Dixon and Haig, 2004; Kaminski et al., 2010] except
for the rarity in normal marine shallow warm-water settings.

Late Paleozoic fusulinids and green algae were shallow-water organisms living in healthy considered to have
been symbiont-bearing organisms similar to the modern larger benthic foraminifera [Ross, 1995; Lee, 1996;
Vachard et al, 2004]. Water temperature and light availability (depth) are the most important factors
controlling the distributions of larger symbiont-bearing foraminifera in seas of normal salinity [Hohenegger,
2004]. Temperature determines the geographic and bathymetric distribution of larger foraminifera by the
development of a shallow thermocline that truncates the distribution of shallower species and excludes
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species adapted to the deepest euphotic zone [Davydov et al., 2013]. Larger foraminifera are also restricted to
those geographical regions or water depths characterized by temperatures never falling below 14°C for more
than several weeks [Hohenegger, 2004]. The optimal water temperatures for shallow-water assemblages of
recent larger foraminifera range from 20 to 30°C [Hohenegger, 2004].

The taxonomy and diversity of fusulinids directly correlates with the latitudinal distribution of tropical-
subtropical temperature changes [Ross, 1995; Buzas et al., 2002; Davydov et al., 2013]. During global warm
(climatic optimum) episodes, symbiont-bearing foraminifera could migrate to higher latitudes. By contrast,
cooling led to emigration of parts of the foraminiferal fauna from higher to lower latitudes, stepwise extinc-
tion of some of the taxa, increasing provincialism, and the preferential survival of faunas adapted for a
broader range of facies. Fusulinid faunas are a particularly sensitive index of climate change in midlatitude
regions, where the changes are quite dramatic [Davydov and Arefifard, 2013; Davydov et al., 2013].

Recent larger, symbiont-bearing foraminifera are limited in general to a worldwide tropical-subtropical cli-
matic belt defined by winter minimum isotherms between 15° and 20°C, i.e., approximately 30° south and
north latitudes [Langer and Hottinger, 2000; Goldbeck and Langer, 2009]. Only very few larger warm-water for-
aminifera are known to occur outside of this climatic belt due to the local paleogeography and climate fluc-
tuations. Similar biogeography within 30° south/north latitudes is reflected in Carboniferous and Permian
fusulinid distribution [Mamet, 1977; Ross, 1995]. Two transitional subbelts with temperate water fusulinid
fauna are designated in both Northern [Rui et al., 1991] and Southern Hemispheres [Davydov and Arefifard,
2007; Ueno, 2006]. These subzones extended from approximately 25° to 35° south/north latitudes. Eventually,
the 35° south/north latitudes could be designated as north/south forbiddance lines for fusulinid distribution
(Figure 2) that is absolute limit of their midlatitude occurrences. Therefore, in paleotectonic/paleogeographic
reconstructions where fusulinids are located north (in the Northern Hemisphere) or south (in the Southern
Hemisphere) of the forbiddance lines, corrections need to be made.

4.3. Biotic Paleothermometry Constraints on the New Siberian Archipelago Paleoposition

Most of the Late Paleozoic Arctic paleotectonic/paleogeographic reconstructions, particularly the most
recent ones, were developed from paleomagnetic, paleoenvironments/paleolithofacies distribution and det-
rital zircon provenance studies [Drachev et al., 2010; Ershova et al., 2015; Khramov and Ustritsky, 1990;
Kuzmichev, 2009; Metelkin et al., 2015; Miller et al., 2013; Pease et al., 2014]. The biotic constrains were generally
not considered in these studies. The existing faunistic records in the Arctic region are poor. Also faunas are
very sensitive to paleoclimate and quickly respond to any climate fluctuations by way of migration and
changes in latitudinal distribution [Buzas et al., 2002; Davydov and Arefifard, 2013; Davydov et al., 2013]. On
regional and interregional scales and within a refined chronostratigraphy climatic changes could be very
significant. This is particularly true along the latitudinal gradient in the midlatitudes where the changes
associated with climate fluctuations in foraminifera distribution are most dramatic and may vary up to
+10° latitudes [Buzas et al., 2002]. Consideration of faunal data for paleotectonic/paleogeographic reconstruc-
tions at glacial and interglacial episodes without an understanding of fauna-climate interaction at the regio-
nal and interregional scales might produce significant errors in the reconstruction. Two stratigraphically
successive assemblages one of which is taxonomically related to tropics and the other to temperate environ-
ments could be interpreted in two different ways. In general, it is interpreted as a tectonic movement of the
location from tropics to higher latitudes. However, this might be also due to global climate shift from global
warming into cooling episodes. Therefore, the records of paleoclimate dynamics must be a part of the
paleotectonic/paleogeographic reconstructions. Taking into account that early Moscovian perhaps was the
time of global warm climate [Davydov, 2014], we can suppose the paleoposition of Zhokhov Island at this
time around 35°N. Also, in order to correctly understand the biogeography of the regions, only assemblages
proved to be isochronous must be analyzed.

In the southern Taimyr and Verchoyansk along the Moscovian Siberian shelf, shallow-water siliciclastic
sequences possess boreal cold-water brachiopods and agglutinated smaller foraminifera attesting to the cold
temperature even in shallow-water environments in these regions [Klets, 2005]. This strongly contrasts with
typical warm-water assemblage recovered from Zhokhov Island. In terms of the taxonomy of fusulinids,
the assemblages of Zhokhov island are most similar to synchronous assemblages known in Spitsbergen,
Greenland, Canadian Arctic Archipelago, Novaya Zemlya, and the Timan-Pechora province [Grozdilova and
Lebedeva, 1961; Nakrem et al., 1991; Rui et al., 1991]. Thus, Zhokhov Island and perhaps the other islands of
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the NSA during Moscovian time were located
south of the forbiddance line that is south of
about 30-35°N (Figure 2). The upper
Bashkirian and perhaps lower Moscovian fusu-
linids were also documented in Wrangel Island
and northern Chukotka [Kos’ko et al., 1993;
Solovieva, 1975]. These two regions were part
of the ACCT and were located very close to
Spitsbergen and North Greenland during
Pennsylvanian time.

In previous Late Paleozoic continental
reconstructions including data from
lithofacies/paleoenvironmental proxies and
detrital zircon provenance [Scotese, 2004;
Cocks and Torsvik, 2007; Blakey, 2008;
Golonka, 2011; Lawver et al,, 2011] the transi-
tional temperate water zone in Northern
Hemisphere includes North  Greenland,
Sverdrup Basin in Canada, Spitsbergen, Franz
Josef Land, and Novaya Zemlya, whereas
Wrangel Island, North Chukotka, NSA, Taimyr,
and Anvil-Anui terranes are positioned around
45-50°N (Figures 3c and 3d). Part of Wrangellia
terrane (at least that south from Denali fault)
according Colpron and Nelson [2009] was
positioned within tropics-subtropics and far
west from the Sverdrup Basin, Spitsbergen,
and other regions of the temperate northern
climatic subbelt (WCT" in Figure 2).

The New Siberian Archipelago (NSA) terrane
with its Precambrian basement and Middle to
Late Paleozoic carbonate platform is the
key for the paleotectonic/paleogeographic
reconstructions of the Arctic (Figure 1). Many

Figure 3. Northern Hemisphere paleogeographic
reconstructions (315 Ma, Early Moscovian)
established with different data sets and
approaches: (a) according to fusulinid occurrences
in different terranes, the position of NSA, Alaska-
Chukotka composite terrane, and Wrangel Island
(shown as black masses) has to be south of the
forbiddance line (~30-35°N at the Early Moscovian
global warming); (b) reconstruction proposed from
the paleomagnetic studies [Metelkin et al., 2015];
(c) the same terranes with a reconstruction devel-
oped from lithofacies and paleoenvironmental
proxies [Golonka, 2011]; and (d) the reconstruction
developed from detrital zircon provenance studies
[Kuzmichev and Pease, 2007; Colpron and Nelson,
2009; Miller et al., 2013; Pease et al., 2014; Ershova
et al., 2015]. In all reconstructions except Figure 3a,
NSA, Alaska-Chukotka composite terrane, and
Wrangel Island positioned north from the northern
forbiddance line at around 45-60°N.
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disagreements regarding the NSA paleoposition exist among the researchers. According to recent paleomag-
netic studies in the Early Paleozoic NSA occurs north of the Siberian Craton, but by the Late Carboniferous it is
suggested to be within the distal northeastern margin of Siberian Craton (NSA in Figure 3b) [Metelkin et al.,
2015] and somewhat north of the position suggested by the fusulinids (Figure 3a). According to these authors
the NSA was the separate and independent terrane located during Early to Middle Paleozoic nearby the
passive margin of Siberian Craton near its northwest corner. During Carboniferous the terrane was docking
to Siberia in the southwest and since that time becomes essentially permanent part of the Siberia and
North Kara cluster [Metelkin et al., 2015].

Utilizing lithofacies analyses, Golonka [2011] placed the Chukotka, Wrangel Island, NSA, and Taimyr between
North American and Siberian Cratons. At Tournaisian time, according to his analyses, NSA was located at
approximately 30-35°N and was a part of the carbonate platform extended from eastern margin of
Barentsia to the western margin of Siberian Craton. During Carboniferous Chukotka, Wrangel Island, NSA,
and Taimyr migrated north toward Siberia and by Middle Pennsylvanian they proposed to be at
approximately 40-45°N, i.e., about 10-12°N from the forbiddance line (Figure 3c). By the early Permian,
according to this model the NSA was docked to Taimyr and to Siberian Craton [Golonka, 2011].

The reconstruction based on detrital zircon provenance studies (Figure 3d) proposes a sub-Baltica position
for the clustered paleoposition of Chukotka, NSA, and Wrangel Island during Devonian-Mississippian time.
This composite terrane then shifted to the Uralian zircon provenance during Late Carboniferous-Permian
and Triassic [Kuzmichev and Pease, 2007; Miller et al., 2013; Pease et al., 2014; Ershova et al., 2015]. The major
shift to Uralian sources during Pennsylvanian-Triassic time is explained by the rifting of Chukotka, Wrangel
Island, NSA, and Severnaya Zemlya from Baltica/Laurentia and their eastward drifting and collision and sutur-
ing to Siberian continent around the Triassic (Figure 3d). This contradicts the fusulinid data, which suggests
that during Middle Pennsylvanian time, Chukotka-Wrangel Island and NSA terrane, including Zhokhov Island,
were located close to the Sverdrup Basin, Arctic Alaska (Brooks and Lisburne Ridges), Spitsbergen, Franz Josef
Land, Barents Shelf, and Timan-Pechora (Figure 2). The remnants of this composite terrane occur in
Northwind Ridge [Stevens and Ross, 1997; Grantz et al., 1998] and possibly in Mendeleev Ridge [Kaban’kov
et al., 2008; Morozov et al., 2014]. The youngest fusulinids from Northwind Ridge and Mendeleev Ridge (late
Artinskian Parafusulina) indicate that ACCT could still be south of the forbiddance line at least until the late
Artinskian (Figures 2 and 3a). The nearly identical sources of the Triassic detrital zircon populations of the
Lisburne Hills of Alaska with the Triassic of Chukotka and Wrangel Island have been reported [Miller et al.,
2013], although Lisburne Hills in the Triassic was separated from Chukotka and Wrangel Island by the
paleohigh and is of different facies (shelf versus basinal). This might be an additional argument for the
stability of ACCT and its sub-Baltica position until Triassic time.

The Lower Triassic sills and other small hypabyssal gabbro and dolerite intrusions in the Bol'shoi Lyakhov
Island of NSA reveal some geochemical similarity with the traps of the Siberian Craton [Kuzmichev and
Pease, 2007]. If they belong to the Siberian trap magmatism, it would mean that westernmost part of the
NSA may be related to Siberian Craton and that the South Anuyi Suture was located between Bel'’kov and
Bol'shoi Lyakhov islands and the rest of the NSA (Figure 1), which is consistent with the provenance data
[Miller et al., 2013; Pease et al., 2014].

It is worth noting that the paleoposition of the Wrangelia arc terrane during Late Paleozoic time is highly
variable in different publications. In the most popular reconstruction [Belasky et al., 2002], Wrangelia is placed
in the Panthalassa, close to Stikinia and Eastern Klamath terranes, and about 2000-3000 km west of Arctic
Alaska because of a strong generic level similarity among corals, brachiopods, and fusulinids. The latter group
shows a particularly strong similarity between Wrangelia and other Panthalassa terranes [Belasky et al., 2002,
Table 2]. But at the species level there is a strong dissimilarity between fusulinids of those regions. The
fusulinid records in Wrangelia are still poor. One excellent study of fusulinids of Wrangelia in which the early
Permian fusulinid fauna is described in great detail was accomplished over 40 years ago [Petocz, 1970]. At the
species level, the fauna there shows strong affinity with that of North Greenland [Nilsson et al., 1991],
Canadian Arctic [Harker and Thorsteinsson, 1960; Davydov, 1991], Arctic Alaska [Ross, 1967], Kolguev Island
[Davydov, 1997], Timan-Pechora, and northern Urals [Grozdilova and Lebedeva, 1961; Konovalova, 1991]. In
fact, many species originally described in Timan-Pechora are recognized in the Mankomen Formation of
Wrangelia [Petocz, 1970] but have never been found in Panthalassa terranes. Similarly, the Lower Permian
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colonial corals also show high similarity at the species level [Stevens, 2008], although the proposed paleopo-
sition based on the corals [Stevens, 2008] is different from what is suggested here.

Douglass [1971] provides the only other paper dealing with Wrangelia Moscovian fusulinids. Although the
majority of the fusulinid species in this paper are described as new, they resemble fusulinids known in
Urals and Russian Platform. Pseudostaffella rotundata Douglass is very close to Pseudostaffella gorskyi
(Dutkevich) known from upper Bashkirian and lower Moscovian in Russian Platform, Urals, and Timan-
Pechora. Fusulinella pinguis Douglass resembles Fusulinella (Pulchrella) subpulchra (Putrja) from Kashirian to
Myachkovian of Russian Platform, Urals, Timan-Pechora, Spitsbergen, and Sverdrup. Fusulinella alaskensis
Douglass is very similar to Fusulinella (Pulchrella) eopulchra Rauser, and Fusulina flexuosa Douglass could be
interpreted as Fusulina cylindrica (Moeller) [Rauser-Chernousova et al., 1951; Lebedeva, 1966; Rui et al., 1991;
Nilsson and Davydov, 1997; lvanova, 2008]. Pseudostaffella gorskyi and Fusulina cylindrica have never been
reported from northern Panthalassa, and certainly, the Wrangelia fusulinids have affinity with Uralo-
Franklinian province [Rui et al., 1991]. The record from both the fusulinid and colonial corals strongly suggests
that the paleoposition of Wrangelia was close to North Greenland, Canadian Arctic, and Sverdrup rather than
with northern Panthalassa (Figure 2). In any case, the Carboniferous and Permian paleontological record of
Wrangelia-Alexandria terranes requires further and extensive development.

5. Conclusions

1. The studied limestone block from Zhokhov Island, New Siberian Archipelago, reveals very high taxonomic
diversity of Middle Pennsylvanian Moscovian tropical foraminifera and algae.

2. The faunal and floral (algae) paleothermometry constrains the paleogeography and paleotectonics in the
region because these warm-water biotas never occur north of the forbiddance line, i.e.,, 30-35°N/S and
undoubtedly indicate the location of the most of New Siberian Archipelago islands at that time within
tropic-subtropics.

3. The analysis of the existing data on the fusulinid distribution within the Arctic region indicates that by
Artinskian time, Zhokhov Island as well as Wrangel Island were still within the Alaska-Chukotka composite
terrane.

4. If the Lower Triassic sills and intrusions in Lyakhov Island of the New Siberian Archipelago belong to
Siberian trap magmatism, it suggests that the South Anuyi Suture lay between Bel'kov Island and the rest
of the New Siberian Archipelago.

5. The detrital zircon provenance data might be interpreted to suggest the paleoposition of the
Alaska-Chukotka composite terrane, including New Siberian Archipelago and Wrangel Island close to
Arctic Alaska probably until Triassic time.

6. The fusulinids from the Mankomen Formation and other formations in Wrangelia show strong affinity
with the Uralo-Franklinian province regions such as the Sverdrup Basin, Spitsbergen, Barents Sea,
Timan-Pechora, and northern-central Urals rather than with northern Panthalassa.
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