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Abstract

This article summarizes the results of our study of the Early Permian brachiopods col-
lected 5.9-6.3 km northwest of the village of Chekurovka that were used to develop the first
biostratigraphic zonation of the Asselian—Sakmarian deposits on the left bank of the lower
reaches of the Lena River. At the base of the Permian section, the Jakutoproductus lenensis
Beds were identified. They are overlain by the Jakutoproductus insignis Zone with numerous
shells of the index species. The Jakutoproductus terechovi and Jakutoproductus rugosus
Zones, which are characterized by index species, occur even higher in the section. The boundary
between the Khorokytian and Echian Regional Stages is defined by the first occurrence of
J. insignis at the base of the Insignis Zone. The identified zonal sequence is identical to
the previously studied Kubalakh section on the right bank of the lower reaches of the Lena
River. However, the thickness of the biostratigraphic zones on the left bank is reduced by
half, and a significant lower part of the Khorokytian Regional Stage (below the Lenensis Beds)
is missing because it falls on the stratigraphic break between the Cambrian and Permian depos-
its. The zonation performed shows that there is a direct correlation between the Chekurovka
section and the Asselian—Sakmarian deposits of Western Verkhoyanie and the Omolon Massif
due to common index species of the biostratigraphic units.

Keywords: Lower Permian, biostratigraphy, brachiopods, Jakutoproductus, Khatystakh
Formation, Bulkur structural-facies zone

Introduction

In the lower reaches of the Lena River, the widespread Lower Permian deposits
belong to the Ust-Lena (in the north) and Bulkur (in the south) structural-facies zones
which were previously considered as subzones [1]. A.A. Mezhvilk [2] originally as-
signed the Verkhoyanie Formation in this territory to the Lower Permian, which in the
modern sense also includes the Middle—Upper Carboniferous deposits. For the entire
Verkhoyanie Formation, A.A. Mezhvilk [2] cited a single brachiopod assemblage that
included taxa of different ages and characteristic of different series of the Carbonifer-
ous and Permian (mixed faunal assemblages). Later, R.V. Solomina and colleagues [3],
who used A.A. Mezhvilk’s stratigraphic scheme, carried out a detailed study of the Lo-
wer Lena sections. A rich brachiopod assemblage dominated by Jakutoproductus
verkhoyanicus (Fredericks) was identified in the Verkhoyanie Formation.
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At that time, a team of Yakutian geologists led by A.S. Kashirtsev developed
a new, more detailed stratigraphic scheme of the Upper Paleozoic of the lower reaches of
the Lena River [4]: instead of the Verkhoyanie Formation proposed by A.A. Mezhvilk, it
recognized the Tugasir, Kubalakh, and Tuora-Sis Formations, with stratotypes in the area
of the mouth of the Kubalakh Creek on the right bank of the Lena River (Kubalakh
section in our understanding). Each of these formations was characterized by brachio-
pod assemblages, and for the middle (Kubalakh) formation they were identified as the
Late Carboniferous Jakutoproductus protoverkhoyanicus Kashirtsev and the Asselian—
Sakmarian Jakutoproductus verkhoyanicus (Fredericks). Later, B.S. Abramov and
A.D. Grigorjeva [5] used A.S. Kashirtsev’s scheme for the lower reaches of the Lena
River and clarified the paleontological characteristics of the Kubalakh and Tuora-Sis
Formations.

The brachiopods zonation of the Lower Permian was first proposed for the lower
reaches of the Lena River by R.V. Solomina [6], who revised her previous lists of
taxa [3] from the Verkhoyanie Formation of the southern part of the Bastakh section
(right bank of the Lena River near the Kubalakh and Chinka creeks = Kubalakh sec-
tion). For the lower quarter of the Verkhoyanie Formation (the lower part of the Kuba-
lakh Formation according to A.S. Kashirtsev’s scheme), an assemblage of brachiopods
of the Jakutoproductus protoverkhoyanicus Zone was reported, including the index
species of the biostratigraphic unit. The second quarter of the Verkhoyanie Formation
(the upper part of the Kubalakh Formation and the lower part of the Tuora-Sis For-
mation) was referred to the Jakutoproductus crassus Zone, which is characterized
by a rich brachiopod assemblage in the lower reaches of the Lena River, including
the index species of the zone. The third quarter of the Verkhoyanie Formation (the mid-
dle and upper parts of the Tuora-Sis Formation) belonged to the Jakutoproductus
verkhoyanicus Zone, a section near the mouth of the Kubalakh Creek was suggested
as the stratotype of this zone.

We have recently clarified and refined the zonation of the right bank of the lower
reaches of the Lena River using new materials from the Kubalakh section [7]. The bio-
stratigraphic discreteness of the species Jakutoproductus crassus Kashirtsev and Jakuto-
productus verkhoyanicus (Fredericks) was not confirmed, but Insignis, Terechovi, and
Rugosus Zones were identified in the middle and upper parts of the Tuora-Sis Formation.
The Lenensis Beds in the upper part of the VVerkhoyanicus Zone (lower part of the Tuora-
Sis Formation) were established. The Carboniferous—Permian boundary was drawn in-
side the Kubalakh Formation, and the boundary between the Protoverkhoyanicus and
Verkhoyanicus Zones was combined with it [8].

For the right bank of the Lena River (Kubalakh section), a detailed brachiopod
biostratigraphic subdivision of the Asselian—Sakmarian interval of the Lower Permi-
an has been carried out, but no similar work has been done for its left bank.

Traditionally, three coastal outcrops in the lower reaches of the Bulkur River,
Khatystakh River, and the north of the village of Chekurovka are considered as the key
sections of the Permian on the left bank of the lower reaches of the Lena River (Fig. 1).
In the 1950s, these three sections were studied by T.M. Emeliantsev and colleagues [9],
who found that the lithological-facies features of the Permian deposits over a huge stretch
from the Chekurovka Cape (Chekurovka anticline) to the Khatystakh and Bulkur rivers
(Bulkur anticline) change very little. Back then, the formation subdivision was not used
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here, and the Permian deposits were divided into Lower and Upper Series with a high
degree of conditionality [9, 10]. The paleontological characteristics of the basal part
of the Permian were contradictory because bivalves of the genus Kolymia were recorded
from the bottom of the section, while clusters of obviously older brachiopods “Productus
verchojanicus” (=Jakutoproductus verkhoyanicus) occurred in the higher beds.

After the geologists of the All-Union Aerogeological Trust had performed a medium-
scale geological survey of the studied territory, they conditionally divided the Permian
into two series without subdividing it into formations. The following brachiopods were
reported from the Lower Permian part of the section: Jakutoproductus verkhoyanicus
(Fredericks), Rhynchopora lobjaensis Tolmatschew, Rh. variabilis Stuckenberg, and
Rh. nikitini Tschernyschew. Notably, no representatives of the genus Kolymia were
found at this level.

Later, V.N. Andrianov [11] proposed using A.S. Kashirtsev’s [4] stratigraphic
scheme of the Kubalakh section (the right bank of the Lena River) for the Permian de-
posits of the Chekurovka Cape. Thus, according to V.N. Andrianov, south of the village
of Chekurovka, the Kubalakh Formation (less than 80 m thick) overlies the Cambrian
limestones with a large stratigraphic break. The overlying Tuora-Sis Formation contains
the Sakmarian ammonoids Metapronorites angustus Andrianov and Andrianovia bo-
goslovskyi (Andrianov) [11, 12]. Regarding the subdivision of the Permian deposits for
the Chekurovka Cape, B.S. Abramov also shared the same view as V.N. Andrianov [5].

In contrast to the “eastern” version of the formation subdivision of the Permian
on the left bank of the lower reaches of the Lena River (A.S. Kashirtsev’s stratigraphic
scheme [4]), I.V. Budnikov and colleagues [13] suggested using the Dzhargalakh and
Bur Units here, established to the west — in the wells of the northeastern part of the Si-
berian platform. This view was approved at the last Northeastern Interdepartmental
Stratigraphic Meeting [1], and the above-said strata were included in the Unified Stra-
tigraphic Scheme of the Permian Deposits of the Verkhoyanie—Okhotsk Subregion.
Accordingly, the section interval considered in this article falls on the lower part of
the Dzhargalakh Unit as understood by 1.V. Budnikov and colleagues.

However, in addition to the “eastern” and “western” views on the Permian strati-
graphy of the left bank of the lower reaches of the Lena River, there is an opinion that
for this area it is necessary to recognize its own local stratons reflecting the specific
features of the Permian deposits of the Tuora-Sis uplift [14]. According to the scheme
used by the compilers of the Legend of the Lower Lena River series of sheets of the se-
cond edition of the medium-scale State Geological Map, the Permian deposits of the left
bank of the lower reaches of the Lena River are divided into the Khatystakh and Bulkur
Formations, the stratigraphic ratio of which is close to the previous conditional division
of the Permian into two series. Considering that this scheme is relevant for the Permian
stratigraphy of the left bank of the lower reaches of the Lena River, we must recognize
the need for a thorough revision of the stratigraphic interval of the Khatystakh and
Bulkur Formations and the boundary between them.

In 2010, we performed a detailed study of the three main Permian sections of the left
bank of the Lena River (Fig. 1) together with our colleagues from the Siberian Research
Institute of Geology, Geophysics and Mineral Resources — 1.VV. Budnikov, L.G. Pere-
goedov, and S.K. Goryaev. The Bulkur and Khatystakh sections appeared to be non-
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Fig. 1. The location of the studied sections of the Lower Permian on the left bank of the lower
reaches of the Lena River: 1 — outcrops of the Permian sediments on the day surface, 2 — sec-
tions: A — Chekurovka, B — Khatystakh, C — Bulkur, 3 — boundaries of the structural and faci-
es zones (SFZ); the zoning scheme was compiled by R.V. Kutygin

informative for biostratigraphic studies of the Lower Permian because the small frag-
ments of the outcrops of its basal part are isolated from the main continuous sections.
In this regard, the section at Chekurovka Cape proved to be the most promising for
the study and substantiation of the biostratigraphic scheme. In this section, an almost
continuous lithological sequence of the beds was identified and a number of levels
with invertebrates were found, in which brachiopods are dominant. In 2018, this section
was additionally studied by R.V. Kutygin, who created a photo panorama for the entire
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Chekurovka section from the Proterozoic to the Lower Jurassic. He compiled new pale-
ontological collections and clarified the lithological and stratigraphic structure of the sec-
tion. V.l. Makoshin’s monographic study of the Early Permian brachiopods collected
in 2010 and 2018 made it possible to identify the biostratigraphic sequence of brachiopod
assemblages considered below in the Lower Permian of the left bank of the Lena River.

Results and Discussion

The fragment of the Chekurovka section under consideration is located on the
left bank of the Lena River, 5.9-6.3 km below the village of Chekurovka (Fig. 1).
Here, the Khatystakh Formation is represented by monoclinally lying inequigranular
siltstones with interbeds of fine- and medium-grained sandstones (Fig. 2, 3).

In the lower part of the Khatystakh Formation, single specimens of Jakuto-
productus cf. lenensis Makoshin were found in fine-grained siltstone of Bed 30b
(Fig. 4, a-b). J. lenensis was registered for the first time in the Bulunites Beds (Mem-
ber 2) of the Tuora-Sis Formation of the Kubalakh section on the right bank of the lower
reaches of the Lena River [15]. In addition to the Kharaulakh Ridge, we found this spe-
cies in the upper part of the Khorokytian Regional Stage of the Orulgan Ridge [16] and
Western Verkhoyanie [7]. A clear vertical distribution interval and a fairly wide geogra-
phy of occurrence in the region allowed us to identify the Lenensis Beds in the upper
part of the Verkhoyanicus Zone (Khorokytian Regional Stage) [7, 15], which proba-
bly includes Bed 30b of the Chekurovka section. At the same time, it should be noted
that there is no large lower part of the Khorokytian Regional Stage in the section, which
is observed in Verkhoyanie below the Lenensis Beds. From this, we can conclude that
the Cambrian—Permian stratigraphic unconformity on the left bank of the lower reaches
of the Lena River accounts for a significant part of the Verkhoyanicus Zone below
the Lenensis Beds.

Further up along the section are coarse-grained siltstones of Bed 30a that contain
a lenticular shelly interbeds with the clusters of invertebrate shells, where brachiopods
prevail, gastropods and bivalves are less common, and nautiloids are extremely rare.
Numerous specimens of Jakutoproductus insignis Abramov et Grigorjeva (fig. 4, c-f)
and single specimens of Rhynchopora sp. have been identified among brachiopods.
Jakutoproductus insignis is of great importance for the stratigraphy and correlation
of the Lower Permian deposits of the entire Northeast Russia. Thus, based on the
findings of this species at the base of the Ogonerian Regional Stage of the Kolyma—
Omolon Region, V.G. Ganelin [17] identified the Insignis Lone (provincial zone),
which is well traced on the Omolon Massif and beyond. In Western Verkhoyanie,
when J. insignis occurred in the monotonous section of the Echij Formation, it be-
came possible to draw the boundary between the Khorokytian and Echian Regional
Stages [18], although there have been no ammonoid finds [19]. In the lower reaches
of the Lena River, the Insignis Zone with numerous representatives of the index spe-
cies contained in it was previously isolated by us in the Kubalakh section in the mid-
dle part of the Tuora-Sis Formation (Member 3) [20]. In the Chekurovka section, we
refer Beds 30a, 29, and 28 to the Insignis Zone and compare the boundary between
Beds 30b/30a with the boundary between the Khorokytian and Echian Regional
Stages.
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Fig. 2. Distribution of brachiopods in the Chekurovka section (outcrop 14i/10): 1 — fine—
grained siltstones, 2 — coarse-grained siltstones, 3 — bedded sandstones, 4 — massive sand-
stones, 5 — limestones, 6 — thin rock interbeds (conventional), 7 — pebbles, 8 — stratigraphic
unconformity, 9 — ripple marks, 10 — carbonate-clay and carbonate-siliceous concretions, 11 —
coquina interbed, 12 — brachiopods, 13 — ammonoids, 14 — nautiloids, 15 — bivalves, 16 —
gastropods; f/g — fine-grained, m/g — medium-grained, c/g — coarse-grained; the number of
specimens is indicated in parentheses and comes after the taxon name

The next level with brachiopods is singled out in the upper part of Bed 27b.
Here, Jakutoproductus terechovi Zavodowsky (Fig. 4, g—i) and J. cf. terechovi were
discovered in clay sandstones and coarse-grained siltstones. J. terechovi is characterized
by zonal distribution for both the Kolyma—Omolon Region (the middle part of
the Ogonerian Regional Stage) [17] and Verkhoyanie (the lower part of the Echian Re-
gional Stage) [7]. On the right bank of the lower reaches of the Lena River (Kubalakh
section), the lower part of the Member 4 of the Tuora-Sis Formation rich in repre-
sentatives of the index species is assigned to the Terechovi Zone. In the Chekurovka
section, we compare Bed 27b with the Terechovi Zone.

The brachiopod assemblage of Bed 27a contains numerous representatives of
Jakutoproductus rugosus Ganelin (Fig. 4, j-1), as well as single shells of Neospirifer sp.,
Tomiopsis sp., and Anidanthus sp. The Rugosus Zone was identified by V.G. Ganelin
[21] on the Omolon Massif (Munugudzhak River) as the uppermost biostratigraphic
unit of the Munugudzhakian Regional Stage, further considered as a superstage [1, 17].
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Fig. 3. A fragment of the photo panorama of the Chekurovka section. Compiled by R.V. Kutygin
in 2018. See Fig. 2 for legend details

In Verkhoyanie, the representatives of J. rugosus were recorded in the Echij Formation
of the Orulgan Ridge (upper reaches of the Sobolokh-Mayan River) and in the upper part
of the Tuora-Sis Formation (upper part of the Member 4) [7].
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Fig. 4. Brachiopods of the Khatystakh Formation of the Chekurovka section: a—b — Jakuto-
productus cf. lenensis Makoshin, DPMGI nos. 202/600-4 and 202/600-5, natural casts of a
ventral valves; c—f — Jakutoproductus insignis Abramov et Grigorjeva, DPMGI nos. 202/610-
1, 202/610-3, 202/610-4, and 202/610-11, natural casts of a ventral valves; g—i — Jakuto-
productus terechovi Zavodowsky, DPMGI nos. 202/612-1, 202/612-2, and 202/612-3, ventral
valves; j—-I — Jakutoproductus rugosus Ganelin, DPMGI nos. 202/602-1, 202/602-2, and
202/602-4, ventral valves

For a long time, the Rugosus Zone was confidently dated to Artinskian due to
the findings of the goniatites Neoshumardites triceps Ruzhencev and Uraloceras aff.
fedorowi (Karpinsky) on the Munugudzhak River [21]. However, the subsequent revi-
sion of the Munugudzhakian goniatites by R.V. Kutygin [22] showed that Neoshumard-
ites have primitive characters that link them with the Permian somoholitids. Therefore,
they do not belong to the Lower Artinskian N. triceps, but rather to two new, older (pre-
Aurtinskian) species Neoshumardites munugudzhensis Kutygin et Ganelin and N.? nassi-
chuki Kutygin et Ganelin. Numerous Munugudzhakian Uraloceras, originally belong-
ing to U. aff. fedorowi, were described by M.F. Bogoslovskaya and M.S. Boiko [23] as
U. omolonense Bogoslovskaya et Boiko, a new endemic species, and U. kolymense
Bogoslovskaya et Boiko. According to R.V. Kutygin [22], these two northeastern
species have the Sakmarian morphotype, not the Artinskian one. Based on the above
data, we assigned the Rugosus Zone to the Upper Sakmarian [7, 24, 25].
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The biostratigraphic subdivision of the Asselian—Sakmarian deposits of the Cheku-
rovka (left bank) and Kubalakh (right bank) sections is identical, however, the thick-
ness of each biostraton in the direction from the right-bank section to the left-bank sec-
tion is reduced by half, which should be considered when conducting sedimentological
reconstructions and lithological-stratigraphic comparisons.

Conclusions

As a result of our study of the Early Permian brachiopods collected by us in the
Chekurovka section, we were able to identify for the first time the sequence of Asselian—
Sakmarian zonation for the left bank of the lower reaches of the Lena River. In the stud-
ied section, the Permian terrigenous deposits of the Khatystakh Formation with strati-
graphic unconformity lie on the Cambrian limestones. Previously, it has been impossible
to determine the completeness or probable absence of the lower part of the Permian.
In addition, the Lower Permian of the Chekurovka section has never been compared with
the Lower Permian section of the right bank of the lower reaches of the Lena River near
the mouth of the Kubalakh Creek (Kubalakh section). Moreover, the boundary between
the Khorokytian and Echian Regional Stages has not been specified thus making
it more difficult to capture a correlation between the Asselian—Sakmarian deposits of
the left bank of the lower reaches of the Lena River and the typical sections of the terri-
tory in Western Verkhoyanie.

The data obtained and discussed here made it possible to solve the problems out-
lined above. The Lenensis Beds containing Jakutoproductus cf. lenensis Makoshin
were identified at the base of the Permian. The level with numerous representatives
of Jakutoproductus insignis Abramov et Grigorjeva, indexing the zone of the same
name, was traced above in the section. The occurrence of this species defines for the first
time the paleontological boundary between the Khorokytian and Echian Regional Stages
on the left bank of the Lena River. Two biostratigraphic units occur above: Terechovi
and Rugosus Zones, both characterized by the index species.

The zonation developed by us is identical to that in the previously studied Kuba-
lakh section of the right bank of the lower reaches of the Lena River, but the thick-
ness of the biostratigraphic zones identified in the left bank is reduced by half and
a significant lower part of the Khorokytian Regional Stage (below the Lenensis Beds)
is missing because it falls on the stratigraphic break between the Cambrian and Per-
mian deposits. The identified biostratigraphic units indicate a direct correlation bet-
ween the Chekurovka section and the Asselian-Sakmarian deposits of the Western
Verkhoyanie and the Omolon Massif with the same zonal index species.
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AHHOTALUA

B pesyibrare u3ydeHus paHHEIEPMCKIX OPaxHOIIOJl, COOPaHHBIX CeBepHee cena UeKypoBKa, BIEPBBIE
TSt IEBOOEPEKDsT HU30BBEB PEKH JIEHBI BBIOIHEHO 30HATBHOE JIEJIEHHE aCCETbCKO-CAKMAPCKUX OTIIONKE-
Huii. B ocHOBanuu mepmu ycranosieHsl ciou ¢ Jakutoproductus lenensis, Beiie KOTOPBIX MPOCIEKH-
BacTCs ypOBEHb C MHOTOYHCICHHBIMH IpenctaBuTesisiMi Buaa Jakutoproductus insignis Abramov et
Grigorjeva, HHAEKCHPYIOIIETO OJJHOMMEHHYIO 30HY. [10 mosiieHuto Buaa J. iNSignis (B OCHOBAHWM 30HBI
insignis) MaJ€OHTOJIOTHYECKH 0OOCHOBAaHA TPaHUIA XOPOKBITCKOTO M 3UUICKOTO PETHOHAIBHBIX TOpPU-
30HTOB. Emie BbIme B pa3pese BeiAeneHbl 30HbI Jakutoproductus terechovi n Jakutoproductus rugosus,
0XapaKTepH30BaHHBIC COOTBETCTBYIOLIMMI BHAAMHU-WHICKCAMH. BBIBICHHAs 30HAIbHAS MOCISIOBATEIb-
HOCTb HMJICHTHYHA paHee u3ydeHHOMy KybamaxckoMy paspesy mpaBoOepeikbsi HU30BbEB PEKH JICHBI, OJIHAKO
MOII[HOCTH YCTaHOBJICHHBIX B JIEBOOEPEXKbE OHOCTpATUTPA(HUECKHX 30H COKPAIIAIOTCS B JIBA Pasa, a 3HAYH-
TeNbHAs HIKHSS 9aCTh XOPOKBITCKOTO PErHOHATIBHOTO TOPU30HTa (HUKE clioeB ¢ J. lenensis) Beimaiaer, Tak
KaK TPUXOIUTCA HA CTPATUrpadUUEcKuil MepepbiB MEKIY KEMOPUMCKUMH U TIEPMCKHMH OTIIOKEHHUSIMU.
IIpoBeneHHOE 30HATBHOE AEICHHE MO3BOJSET CAENATh MPAMYO KOppessuio UeKypoBCKOro paspesa
C ACCeNbCKO-CAaKMapPCKIMH OTIIOKEHMSIME 3amagHoro BepxosHbst 1 OMOIOHCKOTO MacCHBa 10 OOIIHM
BHIaM-HHIEKCaM.

KioueBble cioBa: HIDKHSS TepMb, Ouoctparurpadus, Opaxuonozsl, Jakutoproductus, xater-
cTaxckas CBUTa, ByJKypcKas CTpyKTypHO-(annanbpHas 30Ha
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