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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. New ammonoid records from the stratotype of the Beleutian Regional
Substage (Ulytau Region, Karsakbay District, Central Kazakhstan) confirm that
the basal beds of the Beleutian Regional Substage can be assigned to the upper
subzone of the Lower Serpukhovian Uralopronorites-Cravenoceras Genozone
(E,,. Zone of the European Carboniferous scale or Nm b, of the South Urals scale).
This study is important for establishing the international GSSP boundary of the
Serpukhovian and updating the regional Carboniferous scheme of Kazakhstan. The
aim of this study is to resample the marker horizon near the base of the Beleutian
Regional Substage containing Cravenoceras beleutense, Cravenoceras ulytauense,
Neoglyphioceras litvinovichae, Sudeticeras karagandense, and Kazakhoceras
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hawkinsi does not correlate with the base of the Serpukhovian of the Global Scale
or with the basal Pendleian of the European Scale, as the level of evolutionary
development of Cravenoceras and Neoglyphioceras suggests a younger age.
We resampled the marker horizon for ammonoids using a bed-by-bed method
together with corals, crinoids and brachiopods. This method of precise sampling
in association of spectral gamma ray study showed shallow-water settings with
an input of siliciclastics from nearby land. Based on spectral gamma ray readings,
the results show that the beds immediately below the marker horizon level could
have been deposited in an oxygen-starved environment. Variance of U, Th, and K
contents in the ammonoid-bearing beds can be attributed to variable siliciclastic
supply in generally oxygenated settings. This study is important for practical
substantiation of the base of the Serpukhovian in the Carboniferous regional
scheme of Kazakhstan.

Keywords: Carboniferous, Serpukhovian, Beleutian Regional Substage, Central
Kazakhstan, ammonoids, gamma-spectrometry
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AnHoTtanusi. KapacTeIpbUIbIIT OTBIPFAH JKYMBICTBIH KeKeHkecTiniri bemeyti
CTPaTOTHNTIK TOpH30HTHIHAH (¥nbITay oOmbichl, Kapcakmaii aymansl, OpTaibiK
Kazakcran) TtaOburFaH JkaHa aMMOHOWICSIAPMEH aWKbIHAANamel. ATajaraH
amMMoHouesIap beneyTi ropu3oHTHIHBIH iprelli KadaT eKeHITiH HaKThUIAHTHIH
Uralopronorites—Cravenoceras (eyponajislk KapOoH kecreci OoiibiHma Elb—c
30Ha JIeHrei Hemece oHTycTik Opain kecteci OofibiHIIa Nm1b2) reHo30HaChIHBIH
YKOFaPFBI 0JIiriHe THECi 00Iybl MyMKiH. YKYMBICTBIH MaKCaThl ipreiii KabaTTapIbiH
JKACBIH CHUIIATTay JKOHE OJApJbIH CTPaTHrpaUsUIBIK OPHBIH HAKThUIAY OOJBII
TabbUIAABL. 3epTTey HOTHXKEIepl KepceTKeHAeH, besiey THH ropu30HThIHBIH TOMEHT 1
OeirineH aHbIKTaIFaH amMoHomIesiap — Cravenoceras beleutense, Cravenoceras
ulytauense, Neoglyphioceras litvinovichae, Sudeticeras karagandense xone
Kazakhoceras hawkinsi — apKpUibl O€NTiJICHICeH TOPU3OHT jKahaH IBIK IIKaJIaHbIH
CEpITyXOB KE€3CHIHIH TOMEHTI IIIEKapachIMEH KOHE Sy POIaIbIK IIKaIaHbIH MEeHIICH
Ke3eHIHIH HeTi3iMeH colikec kemMelimi. by Cravenoceras xoHe Neoglyphioceras
TYBICTAPbIHBIH 3BOJIIOLMSUIBIK JaMy ACHICHiHIH OHBIH >KacblH aHAFypibIM JKac
KepcereTiHAiriMeH Tycinaipineni. KoibuiraH Makcarka JXeTy YIIiH MapKepiik
KabaTTaH jkaHa YJAriiep cepuschl ipikrenin anbiHabl. KabaTTeIK Tanay Kopaminap,
KpUHOMITap KoHe OpaxronoaTap aepeKTepi Herizinae xxypriziuiai. CoHbIMEH KaTap
ypan (U), Topuit (Th) xone xamuit (K) menmepin Oaranay MakcaTblHIa raMMa-
CIEKTPOMETPHSIIBIK Tajlady OPbIHAAJIbI, OYJ1 OTTEKTIK PEKUM MEH TEPPUTEeHIIK
MaTepUaNIbIH TYCY KapKbIHABUIBIFBIH OarajayFa MYMKIHAIK Oepmi. 3eprrey
HOTHXeJepl OOMBIHINIA MIeriHAiIep Ty31IreH 0acceliH canbICThIPMalbl TYPIE casi3
CyJTbl OOJIFaH JKOHE OFaH >KaKbIH OPHAJIACKaH KYPIIBIKTaH CHIHBIKTHI Tay YKBIHBICTAPhI
TachIMaJIIAHFaHbl ~ AHBIKTAJIBI. PaJMOaKTHBTIK JJEMEHTTEp KYpPaMbIHIAFbl
allBIpMaIIbUIBIKTAD TEPPUTEHIIK MaTepHaNIBIH TYCyl MEH OTTEKTIK PEeKUMHIH
e3repicTepiH alKbIH KepceTesi. AtanraH 3epTrey CepryXxoB Ke3eHiHIH TOMEHT1
LIEKapaChIH JQMTIPEK aHBIKTAyFa, COHJAN-aK beneyTHH Tropru30HTHIHBIH alMaKThIK
cTpaturpaduachiHa KaTBICTBl MPAKTHKAJIBIK TOCUIACPAl JKETIIAipyre MYMKIHIIK
Oepmi. 3epTTeyliH MNPaKTHKAIBIK MaHbI3bl KazakcTaH ayMarblHAarbl KapOOH
JKYWECIHIH alMaKThIK cTpaturpadusiblk cbi30achiHga CepryXoB KiKKaOaThIHBIH
TOMEHT IIeKapachlH HAKThIJIAyFa OaFbITTaIFaH.

Tyiiin ce3mep: Tackemip Xyiheci, CEpIyXOB SpYChl, O€NEyTHH TOPWU3OHTEHI,
Opransik KazakcTan, aMMOHOUITAp; raMMa-CIIEKTPOMETPHS
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AHHOTaUHUs. AKTYyaJbHOCTh JIJAHHOTO HCCIICOBAHUS ONPEICISIeTCS] HOBBIMU
HaXOJJKaMU aMMOHOMJICH M3 CTPATOTUIIA OSJICyTUHCKOTO ropu30HTa (YibITaycKas
obnacte, Kapcaknaiickuii paiion, Llenrpanpubiii  Kaszaxcran), koTopbie
MOATBEPKAAIOT, YTO Oa3aibHbIE CIOUW OEJICyTHHCKOTO TOPU30HTA MOTYT OBITh
OTHECEHBbI K BepxHeW 4actu reHo3onsl Uralopronorites—Cravenoceras (ypoBeHb
306l Elb—c eBpomelickoii mikansl kapOona wiam Nmlb2  roXHOypaibcKon
mkanel). Llenb paboThl 3akiro4aeTcss B yTOYHCHUH BO3PACTHBIX XapaKTEPUCTUK
U CcTpaTurpaduyeckoro MOJOKEHHUs 0a3ajbHBIX CJIOEB. YCTaHOBJCHO, YTO
MapKHUPYIOIIUi TOPU30HT C aMMOHOMJCSIMH Y OCHOBaHMs OEJIEYTHHCKOTO
ropuzonTa (Cravenoceras beleutense, Cravenoceras ulytauense, Neoglyphioceras
litvinovichae, Sudeticeras karagandense u Kazakhoceras hawkinsi) ne moxer
OBITh COIOCTABJICH C OCHOBAaHHUEM CEPITyXOBCKOTO sipyca II00albHOM MIKaJbl U
OCHOBAHMEM IIEHJUIEHCKOIO SIpyca €BPONEUCKON IIKaJbl, IOCKOJIBKY YpPOBEHb
9BOJIOLMOHHOTO pa3BuTHs pojoB Cravenoceras u Neoglyphioceras ykasbiBaeT
Ha Oosiee Moso0# Bo3pact. JIJisi TOCTHKEHUS TIOCTABICHHOM LIEU BBITTOITHEHBI
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0TOOp HOBBIX CEpHH 00paslOB M3 MapKHPYIOUIETO TOPU30HTA W TMOCIOWHBIN
aHaJIM3 C WCIOJIb30BAHUEM JAHHBIX 10 KOpajiaM, KPHHOMJESIM M Opaxuomnoaam.
JIONONMHUTENIBHO MPOBEAEH TaMMa-CIEKTPOMETPUYECKUM aHaIU3 Uil OLEHKHU
conepxkanuss U, Th m K, 4To TO3BONSET CYIUTh O KUCIOPOJHOM DEXHME U
MOCTYIUIEHUN TEPPUTCHHOIO Marepuaia. Pe3ynbTaTel MOKa3bIBaIOT, 4TO OAcCeiiH,
B KOTOPOM (DOPMHMPOBAINCH OTIOKEHHsI, ObUI OTHOCHUTEIBHO MEJIKOBOIHBIM
W MCIBITHIBAJ TMOCTYIJICHHE OOJOMOYHOIO Marepuaja C ONu3iexameld CymI.
Pasnuuuss B colaepikaHMM PaJUOAKTUBHBIX 3JI€MEHTOB OTPAKAKOT WU3MEHEHUs
TEPPUTEHHOIO0 IOCTYILICHUS M KHCIOPOIHOIO pexuma cio€B. IIpoBenénnoe
WCCIIEZIOBAaHUE TIO3BOJIIIO 0OJee TOYHO YTOYHWUTH TIONOKEHHE HIDKHEH
TPaHULBl CEPITyXOBCKOTO Spyca M yCOBEPIICHCTBOBATh NMPAKTHUECKHE MOIXOIBI
K PperuoHajbHOM crparurpaduu OeneyTHHCKOro ropu3oHTa. llomy4eHHble
pe3ynbTaThl UMEIOT BaXKHOE MPUKIJIATHOE 3HAYEHHE JUId PAaclO3HABAHUS HUKHEH
TpaHMLIBI CEPITYXOBCKOTO SIpyca B pernOHaNIbHOM cxeme kapOoHa Kaszaxcrana.

KiroueBble €JI0BAa: KaMEHHOYIOJIBHAsI CHUCTEMA, CEPIyXOBCKUH  SIPYC;
OenmeyTuHCKUIT TOpm3oHT, llenTpampublii Ka3zaxcTan, amMMOHOWIEH; TaMMa-
CIEKTPOMETPHS

Introduction. Early Carboniferous ammonoids have been known from Central
Kazakhstan since the beginning of the 20th century (Krestovnikov, 1940). The
best ammonoid occurrences of the Uralopronorites-Cravenoceras Genozone are
recorded in the sections of the Sholak Syncline in the south of the Ulytau Region,
coordinates 47°04'20.9"N 66°41'37.4"E (Fig. 1). Here, during geological surveying
and mapping in the 20™ century the Beleutian Regional Substage was recognized in
the Beleuty (Kalmakkyrgan) River basin and included in the regional stratigraphic
schemes (Rezolyutsiya, 1958). Originally, the base of the Beleutian was defined
based on the first appearance in this section of the Early Carboniferous ammonoid
genus Cravenoceras and correlated with the lower boundary of the Namurian
Stage in Europe. The entire Beleutian Regional Substage, about 500 m thick, was
correlated with the Namurian, and with the interval overlying the Serpukhovian
Stage (lower substage of the Bashkirian Stage).

The Beleutian Regional Substage in this section conformably overlies the
Dalneian Regional Substage, which has its stratotype in the Akmola Region, on
the Ishim River. The Beleutian Regional Substage was subdivided by various
authors into three to five major units, while ammonoids were only found in the
basal unit (Litvinovich, 1947, 1962; Litvinovich et al., 1985). Vdovenko (1963)
suggested, based on foraminifers, that the Beleutian Substage in its lower part might
correspond to the Steshevian Regional Substage of the Moscow Basin, while Einor
and Vdovenko (1963) assumed that the actual Visean-Namurian (Serpukhovian)
boundary in the stratotype could be below the beds with ammonoids. At the same
time, the fossil distribution was only published in the most general form, and
the question of correlating the lower boundary of the Serpukhovian Stage in the
stratotype of the Beleutian Substage remained unresolved.
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In 2023-2024 we conducted fieldwork at the type section of the Beleutian
Regional Substage and collected many fossils, including ammonoids. The
ammonoids come from the basal horizons of the Beleutian Substage from beds of
dark, clayey nodular limestones alternating with greenish-gray shales and siltstones
(Bed 7 of Litvinovich et al., 1985).

\ \

| 3(45‘§M2023 \
° (2)SM2023

3(%)SM2023

-l

32° \

=93 ¥ . ﬁcc;°9h‘e § ; |-—-—|
Figure 1 - Beleuty locality and field stations in Central Kazakhstan, Ulytau Region

Materials and methods. The uppermost units of the Dalneian Regional
Substage and the lowermost Beleutian Regional Substage were re-examined in this
stratotype in 2023 and 2024. The section was remeasured and redescribed (see a
new description in stratigraphic order below). The main field stations 3(1)SM2023,
3(2)SM2023, 3(2)SM2023, and 3(4)SM2023 (Table 1) were sampled for macro-
and microfossils. Ammonoids were found at locality 3(4)SM2023.

Table 1— Coordinates (degree decimals, NAD83) and bed dip information of measured sections.
Azimuth is corrected for magnetic declination.

Beleuty/Sholak | Latitude Longitude Bed Magnetic declination
(3SM2023) dip/azimuth

3(1)SM2023 47.07188 | 66.69512 8.62°E

3(2)SM2023 47.073088 |66.695173 8.62°E

3(3)SM2024 47.07291 66.694507 32/246 8.62°E

3(4)SM2024 47.073332 | 66.693672 8.62°E
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Figure 2 - Outcrop 3(1)SM2023 (Fig. 2A) and close-ups of the silty shale and the driftwood bed at
0.8 m of the section (Figs. 2B-D). This bed is arrowed in Figure 2B

5

Figure 3 - Outcrop 3(3) SM2023. (A) Westerly view to the outcrop; note the ridge where the
Serpukhovian ammonoid horizon (3(4) SM2023) is exposed in the background. (B, C) Two
intervals within the outcrop; red tape flags stratigraphic meterage. (D) A normally graded bed on
a scour surface (partly traced from the right) with the basal shell coquina composed of imbricated
brachiopod valves.
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Locality details. Field Station 3(3) SM2023. Measurements start from the
traceable limestone ridge exposed at 4.0-4.7 m above 3(1) SM2023, while below
there is a few meters of scree cover on the bedrock.

4.0-5.0 m. Limestone with marly interbeds: limestone beds are micritic, dark
gray on fresh surfaces, with bioclasts; thin receding intercalations of fissile marl.

5.0-6.4 m. Shale and siltstone: dark gray, calcareous, fissile, aphanitic.

6.4-7.1 m. Limestone: dark gray, micritic, with fissile shale interbeds; this
resistant limestone protrudes as a low rib.

7.1-8.2. Limestone-marl alternation: limestone is more bioclastic and
fossiliferous than stratigraphically below; graded tempestite beds, brachiopod
coquinas, and coarse crinoid ossicles occur here at several levels.

8.2—-14.0 m. Limestones and marls: low-contrast alternation of more resistant,
thin-bedded argillaceous micritic limestone and more recessive, black-colored
marl. Spiriferid-dominated brachiopod banks are observed in limestone beds. This
interval forms the hill crest. Its western slope parallels the bedding; the bedrocks
are very and poorly exposed there.

Field Station 3(4)SM2023. This is a hill with Serpukhovian ammonoid localities
to the W of hill 3(3)SM2023. A shallow saddle between two hills is floored with
scree.

14.0-24.0 m. Mostly covered, but a few low beds of argillaceous limestone in
basal ~ 1 m protrude from soil and are visible. This soil covers recessive shales
or siltstones. Above, there is soil with several small patches of soft, buff colored
shale disintegrated into small (0.5-2 cm) flakes. These patches do not preserve the
original bedding. Poorly preserved bedding elements were observed in only one
patch.

The overlying section was measured on the E slope of hill 3(4)SM2023 about 30
m south, where the exposure is slightly better.

24.0 — 27.6 m. Mostly covered. Patchy exposure reveals shale with sandstone
seams. Greenish gray, soft, fissile and weathered shale. Bedding is not preserved.
A few ribs of greenish gray, fine-grained sandstone (the thickest occurs at 25.0 m).
The number of these sandstone beds is unclear, as sandstone blocks on the day
surface occur in a displaced position (slumped downslope).

27.6-27.8 m. Sandstone: coarse-grained, bluish gray, non-calcareous, composed
mostly of felsic grains (quartz and plagioclase?), with minor mafic grains.

27.6-28.2 m. Sandstone: coarse-grained, massive, fractured, densely penetrated
by white hydrothermal veins. The sandstone matrix is calcareous, weathering rusty;
grains are prevalently quartz and dark-colored, sometimes black rounded lithic and/
or mafic effusive fragments.

28.2-28.6 m. Limestone: dark gray, massive, fractured, fossiliferous, with sand
admixture; poorly exposed. This bed is matched to the “bed of fractured finely
crystalline limestone in the upper part of unit 6” (Litvinovich et al., 1985).
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28.6-32.0 m. Shale: calcareous, dark greenish gray, fissile.

32.0-34.5 m. Limestone: gray, medium to thick bedded; wackestone, locally
packstone and floatstone composed of shell hash — mostly cephalopods.

34.5-37.4 m. Limestone: thick (0.2—0.45 m) beds of ammonoid-rich limestone,
gray colored, separated by more recessive, thinner intervals of fissile marl. Very
gradual transition to overlying limestone.

37.4-43.0 m. Alternation of limestone and marl: gray, nodular, resistant ribs of
limestone are interspaced by thicker (2040 cm), more recessive intervals of fissile
marls and siltstone. Crinoid columnals and cephalopod molds were collected at this
level.

Results and discussion. The ammonoids come from the base of the Beleuty
Formation from beds of dark, clayey nodular limestones alternating with greenish-
gray shales and siltstones. Ammonoids from this section were initially identified
by L.S. Librovitch, and later by V.E. Ruzhencev and M.F. Bogoslovskaya. A
collection of ammonoids from the Beleuty River and several other localities in
close vicinity of the mouth of Sholak Creek was previously studied by Ruzhencev
and Bogoslovskaya (1971). They identified Cravenoceras beleutense beleutense
Ruzhencev and Bogoslovskaya, 1971, C. beleutense evolutum Ruzhencev and
Bogoslovskaya, 1971, C. beleutense sublatum Ruzhencev and Bogoslovskaya,
1971, C. arcticum Librovitch, 1938, C. malhamense Bisat (1924), Neoglyphioceras
litvinovichae Ruzhencev and Bogoslovskaya, 1971, Kazakhoceras hawkinsi
(Moore, 1930), Beleutoceras carinatum Ruzhencev and Bogoslovskaya, 1971,
Sudeticeras karagandense Ruzhencev and Bogoslovskaya, 1971, Girtyoceras cf.
modestum Ruzhencev and Bogoslovskaya, 1971. This assemblage corresponds
to the Uralopronorites-Cravenoceras Genozone, and most likely to its upper
part (Nm b,). We re-examined the previously collected ammonoids and our new
collections, and we agree that the assemblage does not contain taxa characteristic
of the lower part of the Uralopronorites-Cravenoceras (Nm1bl) Genozone (for
the latter see Ruzhencev and Bogoslovskaya, 1971), while the species of the
genera Cravenoceras (family Cravenoceratidae) and Neoglyphioceras (family
Neoglyphioceratidae) in this assemblage have an advanced shell morphology, which
is considered to be characteristic of the upper part of the genozone. A new species
Cravenoceras ulytauense was described from the Beleuty section (Nikolaeva,
2025) (this new species includes specimens previously assigned to C. malhamense
by Ruzhencev and Bogoslovskaya (1971).
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Beleutian Regional Substage) studied in 2023
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It has been suggested based on the material from the Urals, Western Europe and
North America (Korn, 1988; Korn and Tilsley, 2002) that in the time interval of
the Uralopronorites-Cravenoceras Genozone, the relative width of the umbilicus
changed in ontogeny. In the early species of Cravenoceras from the basal
Serpukhovian and its equivalents (e.g., C. leion Bisat, 1930 from the basal E,  Zone
of UK and Ireland), the relative umbilical width changes in ontogeny showing first
a decrease in pre-adults and a slight increase in adults. In later species of this group,
the relative width of the umbilicus seems to have increased more consistently, and
in some species the shell becomes wide and cadiconic at adult stages. The species
of the genus Cravenoceras (C. beleutense beleutense, C. beleutense evolutum, C.
beleutense sublatum) from the Beleutian Regional Substage, are distinguished
by a wider umbilicus than the known representatives of the genus from the basal
Serpukhovian and its equivalents (e.g. C. leion Bisat, 1930), and the assemblage
does indeed contain many representatives with a wide shell identified as C. arcticum
and C. ulytauense. Morphologically similar species of the genus are known from
deposits of the E, zone in Great Britain (Bisat, 1952), from the upper part of the
Pendleian Stage, correlated with the upper half of the lower Serpukhovian of the
Moscow Basin and the Urals. The assemblage also contains a derived species
of Neoglyphioceras, in which the shell is compressed, and the umbilicus is very
narrow, features usually associated with phylogenetically younger members of the
genus. With its intricately curved constrictions and growth lines, Neoglyphioceras
litvinovichae from the Beleutian Regional Substage is interpreted as one of the latest
representatives of the genus. Such a biconvex transverse ornamentation is observed
only at the end of the phylogeny of this genus (Ruzhencev and Bogoslovskaya,
1971).

The Uralopronorites—Cravenoceras Genozone is defined by the time of
existence of the genera Eumorphoceras, Cravenoceras, Tumulites, Dombarites
(species of the genus without falcatoid ornamentation), and some others.
Uralopronorites is a very characteristic genus, but it is not very common, e.g.,
it is not found in Central Kazakhstan, so it is not suitable for global correlations.
The lower boundary of the genozone was traditionally drawn at the base of the
beds with the first representatives of the genus Cravenoceras (the species C.
leion in the sections of Great Britain and Ireland), and in geological practice the
genozone was identified with the time of existence of the species of the genera
Cravenoceras and Eumorphoceras. The base of the Pendleian Stage in the UK and
Ireland contains three interbeds with Cravenoceras leion, and one of these beds
contains a girtyoceratid Edmooroceras pseudocoronula, which is also used for the
boundary definition in Western Europe (Korn, 1996; Korn and Tilsley, 2002). At
present, species of the genus Cravenoceras are better suited for the correlation of
the European Lower Serpukhovian successions with those on Novaya Zemlya, the
South Urals and Kazakhstan (Nikolaecva and Kullmann, 2003; Nikolaeva, 2022). The
assemblages in the Urals, Western Kazakhstan (Mugodzhary) and Central Asia are
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dominated by various species of Dombaritinae (primarily the genus Dombarites),
while the abundance of cravenoceratids (Cravenoceras, Verancoceras), Pronoritids
(Uralopronorites), girtyoceratids (Eumorphoceras, Tumulites), and prolecanitids
(Dombarocanites, Epicanites) is significantly less (Ruzhencev and Bogoslovskaya,
1971; Nikolaeva et al., 2009). The Beleutian fauna is very different from those
of Mugodzhary (Dombar Hills) and the South Urals, in that cravenoceratids
predominate in it, while there are no Dombaritinae. The generic composition of the
ammonoid fauna resembles that of Novaya Zemlya (Berkha Island, Maly Zayachy
Island) (Librovitch, 1938; Kusina and Yatskov, 1999) and to some extent North
America (see Saunders and Work, 1999). The genozone is subdivided into two
zones, which Ruzhencev and Bogoslovskaya named Nm b, and Nmb,. Coeval
faunas are found in E ,  of Great Britain and possibly in the “Tumulites varians—
Cravenoceras fayettevillae” Zone and in the Barnett Shale in Texas, USA (Titus et
al., 2015).

Since the morphology of the shell of cravenoceratids and neoglyphioceratids of
the Beleutian assemblage suggests horizons higher than the basal Nm b, Zone, but
more likely Nm b, Zone, the lower boundary of the Beleutian Regional Substage in
the stratotype cannot be correlated with the base of the Serpukhovian Stage, which is
defined by the first appearance of Cravenoceras leion and morphologically similar
cravenoceratids of the Nm b, Zone and its equivalents. Therefore, the boundary of
the Visean and Serpukhovian in the stratotype of the Beleutian Regional Substage
in the regional scheme of Kazakhstan has to be transferred to a lower stratigraphic
level, below the ammonoid-bearing horizon, to the beds previously assigned to
the underlying Dalneian Regional Substage (Bed 6 of Litvinovich et al., 1985
or possibly even lower). These conclusions are confirmed by recent finds of the
foraminifers Neoarchaediscus postrugosus and Monotaxinoides subplanus in the
stratotype of the Beleuty Formation, in beds below the level with Cravenoceras
beleutense (Nikolaeva et al., 2025) and agree with the scheme of Zholtayev et al.
(2021).
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5b

Figure 5 - Ammonoids from the stratotype section of the Beleutian Regional Substage:
1, 4 — Cravenoceras beleutense beleutense Ruzhencev et Bogoslovskaya, 1971

1 — specimen PIN, no. 5900/1; 4 — specimen PIN, no. 5900/23; 2 — Cravenoceras ulytauense,

holotype PIN, no. 2493/158; Kazakhoceras hawkinsi (Moore, 1930), specimen PIN, no. 5900/10;

S — Sudeticeras karagandense Ruzhencev et Bogoslovskaya, 1971, specimen PIN, no. 5900/2; 6

— Neoglyphioceras litvinovichae Ruzhencev et Bogoslovskaya, 1971, specimen PIN, no. 5900/18;

Serpukhovian, Uralopronorites-Cravenoceras Genozone, upper part; Kazakhstan, Ulytau Region,
Beleuty River; scale bars 10 mm.

Gamma spectrometry. The continuous stratigraphic intervals in the stratotype
Beleuty section (Figs. 1 and 2) were surveyed with the RS-230 BGO scintillometer
of' Radiation Solutions Inc. Signal acquisition time was set to 120 seconds. Tabulated
tool output data and the collection of spectra are available in the supplementary MS
Excel file for this report.

Decomposition of gamma radiation into U, Th and K spectra is widely used
to interpret lithology and deposition metals are widely used as elemental proxies
to interpret the degree of oxygen starvation of the depositional environment (e.g.,
Tribovillard et al., 2006). On Figure 3, we use the U_, or authigenic uranium — a
popular proxy to the excess of uranium (Myers and Wignall, 1987):
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.. = Ulppm] - Th[ppm]/3

Shales with U_  >> 0 can in many cases be interpreted as those with the authigenic
enrichment above the U content in detrital minerals (Myers and Wignall, 1987).

Although stratigraphic changes in siliciclastic richness and degree of U_  buildup
cannot be asserted with so many covered intervals (Fig. 6), our gamma spectrometry
data suggest that the 9.0-32.0 m interval of the section could have deposited in an
oxygen-starved environment (U_ ~2-6). The dark-colored shale at the base of our
measured section (0.0-1.2 m) does not exhibit this U_, enrichment. The overall
height of SGR at 28.0-33.0 m is due to high siliciclastic content (elevated Th and K
spectra readings), whereas uranium stays close to the background level.
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Figure 6 - Measured section at Beleuty with gamma-spectrometry logs
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Conclusions. The basal beds of the Beleutian Regional Substage in the stratotype
section are characterized by ammonoids found in association with foraminifers,
gastropods, crinoids, corals and brachiopods. These faunas suggest a reasonably
shallow-water basin with an input of siliciclastics from nearby land. The original
base of the Beleutian as suggested by ammonoids does not correlate with the base
of the Serpukhovian, or with the basal Pendleian.

Based on spectral gamma ray readings, we hypothesize that the “siliciclastic
gap” at 9.0-28.0 m, largely overlapping with Unit 6 of Litvinovich et al. (1985),
could have been deposited in an oxygen-starved environment. Variance of U, Th,
and K contents on other stratigraphic intervals, including the ammonoid beds at
32.0-43.0 m, can be attributed to variable siliciclastic contribution in an overall
oxic depositional environment.
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