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DISCOVERY

SURPRISING,LIGHT HWTITEEEHIIL'IES*T‘ ‘E‘TR'AP,'IIIIS
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Superbly preserved fossils from Russia, excavated with support of a grant from the National Geographic Society and
described today by an international team in the leading scientific journal Nature*, cast new and surprising light on one of the
earliest tetrapods — the group of animals that made an evolutionary transition from water to land and ultimately became the
ancestors not just of amphibians, reptiles, birds and mammals, but of ourselves.

Cratbsl 06 OKaMEeHEesNIoCTAX NPEKPaCHOM COXpPaHHOCTU, OOHapyXeHHbIX B Poccun Gnaropaps rpaHToBon noaaepxke Ha-
uMoHanbHoro reorpaduyeckoro obuwecrtea (CLUA), 6bina HegagHO onybnMKoBaHa B BeAyleM HaydHOM XypHane Nature mex-
OYyHapPOOHOW rpynnoi nccneaoBatesienn, B YMCNO KOTOPbIX Bowwen n astop na NHctutyta reonorun UL, Komun HL, YpO PAH*.
My6nunkaumsa nocBsLLLeHa OAHOMY U3 NPeACTaBUTENE PaHHUX TETPaNoa0B — FPYbl XUBOTHbIX, 0OeCcneynBLLEel BbIX0d, NO3BO-
HOYHbIX Ha CYLLIY U IBUBLLEWCS, TaKUM 00Pa3oM, NPeaKoBOMr He TONbKO A5 TakUX KPYMNHbIX TAKCOHOB, Kak ampudnn, pentnnun,

nTuubl 1 MnekonuTakrowme, HO N Ccob6CTBEHHO A5 YenoBeka.

The first tetrapods evolved from fishes during the Devonian
period, which ended about 360 million years ago. For many de-
cades, our idea of what Devonian tetrapods were like have been
based on just a few genera, chiefly Ichthyostega and Acanthostega,
which are known from near-complete skeletons. Most other De-
vonian tetrapods are known only from a few scraps of jaws or limb
bones: enough to show that they existed, but not really enough to
tell us anything useful. Furthermore, Ichthyostega and Acanthoste-
ga lived at the very end of the Devonian. Some of the fragmentary
tetrapods are a lot older, up to 373 million years old, and the oldest
fossil tetrapod footprints date back a whopping 390 million years.
So Devonian tetrapods have a long early history about which, un-
til now, we have known very little. This is a frustrating picture,
considering that we are dealing with one of the most important
events in the history of the backboned animals.

The new Russian tetrapod, Parmastega aelidae, changes
all this. At 372 million years old, its fossils are only marginally
younger than the oldest fragmentary tetrapod bones. They come
from the Sosnogorsk Formation, a limestone formed in a trop-
ical coastal lagoon, which is now exposed on the banks of the
Izhma River near the city of Ukhta in the Komi Republic of
European Russia. But these are no mere fragments: when the
limestone is dissolved with acetic acid, out come perfectly pre-
served bones from the head and shoulder girdle — more than
100 so far — which can be pieced together into a three-dimen-
sional reconstruction of the animal, by far the earliest for any
tetrapod. Large and small individuals are found, the biggest with
a head length of about 27 cm. Fish-like characteristics in some
bones indicate that this is not only the earliest but also the most
primitive of the well-preserved Devonian tetrapods.

Like other Devonian tetrapods, Parmastega is vaguely croco-
dile-like in shape, but its eyes are raised above the top of the head,

IlepBbie TeTpanoabl MPOMU30LUTM OT ONHOK W3 rpyr Jona-
CTEIephIX PHIO B IEBOHCKOM ITEPUOIE, KOTOPBIN 3aKOHUYMIICS
okojio 360 MiTH JieT Ha3an. Ha mpoTspkeHny MHOTHMX AeCATHIIe-
TUI HAIlA TIPEACTABICHMSI O IEBOHCKUX TeTparrogax ObIIH OC-
HOBaHBI Ha HECKOJTbKMX WX BHUIAX, TJIABHBIM 00pa3oM MXTHUOCTE-
re (Ichthyostega) n akantocrere (Acanthostega), U3BECTHBIX T10
OTHOCHTEJTPHO TIOTHBIM SK3eMIUISIPaM CKeJIeTOB. BONbIIMHCTBO
JIPYTHX TAKCOHOB B MCKOITAeMOIA JIETOITUCH TIPEICTABICHBI Pell-
KUMM M (pparMEeHTAaPHBIMU HAaXOOKAMU HIDKHUX YeJTIoCTel U
KOCTel 13 TIOSICOB KOHEYHOCTEM, UTO SIBIISICTCS OCTATOUHBIM TSI
TTONTBEPXACHUS (haKTa MX CYIIECTBOBAaHUsI, HO HE TIO3BOJISIET
CYIUTb O TOM, UYTO OHU B JIEACTBUTEILHOCTH COOOIA TTPe/ICTaBIsI-
. K ToMy ke MXTHOCTera U akaHTOCTera XKWIA B CAaMOM KOHIIE
JIEBOHCKOT'O TIEPHOMa, TOrIa KaK HEKOTOophle (hparMeHTapHbIe
OCTaTKM TETPAITOIOB 3HAYMTENILHO CTapllie — MX BO3PACT TOCTH-
raet 373 MJIH JIeT. A JaTUpOBKa JPEBHEUIIMX CJISIOBBIX J10PO-
K€K, OCTaBJIEHHBIX PAaHHUMM TeTpariogaMu, cocTaBisieT 393 MiH
sier. TakuM 0OpazoM, HadallbHbIE 3Tallbl SBOMIOLUMU JEBOHCKUX
TETPAIONOB 3aHsUT JOBOJBHO MTPOIOJIKUTETbHBI BpeMEHHOM
WHTEPBAJ, HAIIM 3HAHMSI O KOTOPOM JIO CHX TIOp OCTABaICh BECh-
Ma CKYTHBIMU. DTO OBLIO JOCAAHO OCO3HATh, YUWUTHIBAsI, YTO T10-
SIBJICHUE TETPAITOOB SIBUJIOCh OMHUM W3 KJIIOUYEBBIX COOBITUI B
WCTOPYY TTO3BOHOYHBIX KUBOTHBIX.

Hoswrit Terpanon n3 Poccuu, monyduBnmii Ha3BaHHE
Parmastega aelidae, cunbHO MeHsieT Haum npeacrapiaeHust. [1o
CBOEMY BO3pacTy, COCTaBJsiiolieMy 372 MIIH JIET, OH JIMIIb He-
3HAYMTENTHHO YCTYIIAET CAMBIM IPEBHHMM TIPEICTABUTEIISIM TPYIT-
TTBI, M3BECTHBIM TOJIBKO TT0 (hparMeHTapHbIM HaxonkaM. Ocrar-
KM TIapMacTerd ObITM OOHApY>KEHBI B U3BECTHSAKAX COCHOTOpPC-
KOI CBUTHI, CDOPMUPOBABIIMXCSI B YCIOBUSIX OOIMPHON MeJ-
KOBOIHOM TPOTIMYECKOI JIAryHBI M HBIHE OOHAKAOIIMXCS IO
Oeperam p. Mxxmbl B okpecTHOCTsIX T. YxTbl (Pecryonuka Komu).

Landscape of Sosnogorsk lagoon with approaching deadly storm. Painting by M. Shekhanov (Yaroslavl) on request by the Ukhta Local

History Museum, 2019.

* Beznosov P. A., Clack J. A., Luksevics E., Ruta M. & Ahlberg P. E. Morphology of the earliest reconstructable tetrapod Parmastega aelidae //

Nature, 2019. Vol. 574. Pp. 527—531.
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The holotype of Parmastega aelidae (specimen No. 705/1) during
the preparation. Photo by P.A. Beznosov, 2010

Tonotun Parmastega aelidae (3x3. Ne 705/1) B npoiiecce npenapu-
posanusi. ®oto I1.A. besnocosa, 2010 T.

and the curve of its snout and lower jaw create a disconcerting ‘grin
that reveals its formidable teeth. A clue to its lifestyle is provided by
the lateral line canals, sensory organs for detecting vibrations in
the water, which Parmastega inherited from its fish ancestors. These
canals are well-developed on the lower jaw, the snout and the sides
of the face, but they die out on top of the head behind the eyes.
This probably means that it spent a lot of time hanging around at
the surface of the water, with the top of the head just awash and the
eyes protruding into the air. Crocodiles do this today, because they
are keeping an eye out for land animals that they might want to
catch. We dont know very much about the land that surrounded
Parmastegas lagoon, but there may have been large arthropods such
as millipedes or ‘sea scorpions to catch at the waters edge. The
slender, elastic lower jaw certainly looks well-suited to scooping
prey off the ground, its needle-like teeth contrasting with the ro-
bust fangs of the upper jaw that would have been driven into the
prey by the body weight of Parmastega.

However, the fossil material springs one final surprise: the
shoulder girdle was made partly from cartilage, which is softer
than bone, and the vertebral column and limbs may have been
entirely cartilaginous as they are not preserved. This strongly sug-
gests that Parmastega, with its crocodile-like head and protruding
eyes, never really left the water. Did it creep up on prey at the
waters edge and surge onto the shore to seize it in its jaws, only to
then slide back into the supporting embrace of the water? We don’t
know. Far from presenting a progressive cavalcade of ever more
land-adapted animals, the origin of tetrapods is looking more and
more like a tangled bush of ecological experimentation.

Excavations on the Izhma River bank: searching the bones
of the Devonian tetrapod. Photo by P. A. Beznosov, 2012

Packonku Ha 6epery M>XMbl: B MOMCcKax KOCTel IEBOHCKOI'O TeTpa-
nona. @oro I1. A. beanocosa, 2012 r.

Ho s11 okameHenocTy npeacrasisitor coboii He MpocTo Habop
(parMeHTUPOBAHHbBIX JIEMEHTOB cKesera. [1pu pacTBopeHUun
MOpO/Ibl B C/1A00OM pacTBOpe OpraHWYECKUX KUCIIOT U3 Hee ObUTn
U3BJIEYEHbI MPEKPACHO COXPAHUBIIIMECS] 00pa3libl, MPEACTaBIeH-
Hble KaK M30JMPOBAHHBIMU, TAK W YACTUYHO COUJIEHEHHBIMU
yacTsaMu ckeyiera. Beero ObL10 HailleHO M OTIIPENnapupoBaHoO
6onee 100 3K3eMIUISIPOB KOCTEl, MPEKPACHO CTHIKYIOIIMXCST MEX-
Jly cO0OI1, YTO MO3BOJIMJIO CO3MATh TPEXMEPHYIO PEKOHCTPYKIIMIO
yepera, HYXKHEN YeTIoCTH U TUIEYEBOTO Tosica 3TOro KMBOTHO-
ro, JieNiasi ero JpeBHEMIIMM TeTparonoM, oOJIUK KOTOPOro Mo-
KeT ObITh KOPPEKTHO BoccosnaH. B cobpaHHOI KOIEKIMK TTpY-
CYTCTBYIOT OCTaTKM KaK B3pOC/IbIX, TAK U MOJIOABIX ocodeit. Boc-
CTaHOBJIEHHAs1 JUTMHA TOJIOBbI KPYITHEMIIIEro 3K3eMILsipa CocTaB-
sisger 27 cM. IlpucyTcTBre y mapmacTeru Lejioro Habopa «pblob-
UX» TIPU3HAKOB MO3BOJISIET CUUTATH €€ HE TOJIBKO JIPEBHEMUIINM,
HO U HauOoJiee MPUMUTUBHBIM U3 BCEX NEBOHCKUX TETPAIOIOB,
MU3BECTHBIX 10 OTHOCUTEIBHO MOJHBIM CKEJIETaM.

Kak u apyrue neBoHCKWe TeTparobl, apMacrera cBoe
dopMmoli oraneHHo HanoMuHana kKpokonuia. [1pu aTom ee ra-
332 CWJIbHO BO3BBIIIAIMCh HAaJl TIOBEPXHOCTHIO TOJIOBBI, & U3rUO
MacTy COo3/1aBal MoA0OME 3aCTEHUYMBOM YJIbIOKU, OOHaXatoIIeh
OCKaJI OCTPBhIX M TPO3HBIX 3y00B. OHAKO KITIOYOM K MOHMMa-
HUIO 00pa3a XXU3HU 3TOrO >KUBOTHOTO MOCTYXXUIU KaHaIbl 00-
KOBOI JIMHUM — OpraHa, Mo3BOJISIIOLIETO PErucTpUupoBarb Ma-
Jieiiime KoneGaHusi BOAHOM cpelibl U TOCTaBIIerocsl nmapmacre-
re OT ee PbIObUX MPEAKOB. DTU KaHaIbl MPEKPACHO Pa3BUTHI Ha
€e HUXKHE YeNIoCTH, MepeiHei M OOKOBBIX YaCTSIX TOJIOBBI, HO
MOJIHOCTbIO OTCYTCTBYIOT B TEMEHHOI 00JIaCTM M MEXITy Ii1a3a-
mu. [To Bceil BUAMMOCTU, 3TO O3HAYAET, YTO CYLIECTBEHHYIO
YyacTb BpeMEHU TapMacrera MpoBoIuia, TuiaBas y MOBEPXHOCTH
BonoeMa. CoBpeMeHHbIE KPOKOAWJIbI MCMOJIb3YIOT MOoA00HOE
MOBENEHUE ISl OXOThI, BBICMATpUBasl U3 BOIAbI CBOMX MOTEHIIM-
TbHBIX XKEPTB CPeIY Ha3eMHBbIX XKMBOTHBIX. Mbl TOUHO HE 3Ha-
€M, Kakoi Obuia cylla, OKpYXXaBllasi COCHOTOPCKYIO JIaryHy, U
KTO ee Hacessul, HO cpeir obuTaresiell 6eperoBoit 30HbI 3aIpo-
CTO MOIJIM ObITh KPYITHbIE YJIEHUCTOHOTHE, TaKUe KaK MHOIO-
HOXKHM U PAKOCKOPITMOHBI. Y3Kasi HIXKHSISI YETIOCThb MapMacTe-
TW, COCTOSIILIASI U3 TIONBUXKHO COYIEHEHHBIX KOCTel M Hecyllast
MEJIKME UIJIOBUHbIE 3yObl, MOIJIA ObITh YIAYHbBIM MPUCIIOCO0-
JIEHWEM JIJIsl aTaky U3 BOIbl Ha MOJOOHBIX XUBOTHBIX, a KPYII-
Hble U MOIIHbIE KJIBIKM HEOA U BEPXHEN YETIOCTU MO3BOJISLIU
MPpUIABIMBATL XEPTB K 3emie. Ele onHoli yauBUTETbHOI 0CO-
OEHHOCTBIO NapMacTery ObLIO TO, YTO €€ TUIeYEBOM MOsIC OKOC-
TEHEeBaT He MOJHOCTbIO, OCTABASICh YACTUUHO XPSILIEBbIM, a OT-
CYTCTBYIOLLIME B 3aXOPOHEHUU MO3BOHKH, pedpa U 2JIeMEHThI
cKeJieTa KOHEUHOCTEeH, 10 BCeil BUAMMOCTH, ObUIM MOJTHOCTBIO
CJIOXKEHbBI U3 Xpsillia, HE COXPAHSIIOLIETocsl B UCKOMAeMOM CO-
CTOSIHMU. DTO YETKO yKa3blBaeT Ha TO, YTO Mapmacrera siBJisi-
Jlach obuTaresieM BOAHOM cpefibl U He UMesia ClTIOCOOHOCTU aK-
TUBHO MepeaABUraThes 1o cyite. [TonkpanpiBanach M OHa K CBO-
eil KepTBe, CKPbIBAsSICh B BOJIE, YTOOBI B PEIIAIOIIMIA MOMEHT,
MoJ0OHO KPOKOIUITY, COBEPIIMTh PE3KUil OPOCOK U 3aTalllMTh
€e B BOIIOEM, MbI B JICTBUTENIBHOCTU He 3HaeM. Ho Ternepb Mbl
MOXKEM YBEPEHHO CKa3aThb, YTO €lIe 33[0JT0 J0 MOSIBIEHUS MPOo-
JIBUHYTBIX TPYII HA3eMHBIX TTO3BOHOYHbBIX, OCHOBaHUE (DUJIO-
TeHETUYECKOro JipeBa TETPAriofoB CKOPee BBITJISIIENO KakK Tyc-
TOI KYCT CO MHOXECTBOM BETBEH, UIYLIUX B CaMble Pa3HO00-
pasHble 3KOJOrMYECKUE HUILIM.
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ORGANIC GEOCHEMISTRY OF THE PECHORA BASIN COAL AND HYPERCOAL
AS A PERSPECTIVE PRODUCT OF COAL CHEMISTRY
N. S. Burdelnaya, D. A. Bushnev, O. V. Valyaeva, I. N. Burtsev, D. V. Kuzmin, A. A. Derevesnikova

Institute of Geology FRC Komi SC UB RAS, Syktyvkar
burdelnaya@geo.komisc.ru

YIK: 550.4

The results of studies of organic matter and technological features of coal from a number of deposits of the Pechora coal
basin are presented. Based on data on the composition of biomarker hydrocarbons, data on the thermal maturity of organic
matter (OM) of coal are confirmed, assumptions are made about the influence of aquatic and terrigenous vegetation on the forma-
tion of the initial OM, and differences between its composition for brown coals concentrated in the southern part of the Pechora
coal basin are shown, and coal of the northern areas of the basin. The work demonstrates the possibility of obtaining an ash-free
concentrate — the so-called hypercoal by extraction of the initial coal with N-methylpyrrolidone at the boiling point of the solvent in
high yields and the similarity of the structure of the obtained product with the structure of the organic mass of the initial coal.

Keywords: Permian coal, Pechora coal basin, hydrocarbon-biomarkers, hypercoal.

OPTAHWYECKAA TEOXMMNA YINEH NEYOPCKOO YIOMGHOTO BACCEAHA
W THREPYTTM KAK NEPCAEXTHBHBIA MPOMYKT YTTIENHMMH

H. C. Bypneannas, /1. A. Bymnes, O. B. Bansepa, U. H. Bypues, /I. B. Ky3pmun, A. A. JlepeBecHHKOBa
Hucrutyt reonorun @PUILL Komu HII YpO PAH, CeikThiBKap

MpuBOAATCS peaynbTaThl MCCNea0BaHUii OpraHMYecKoro BELLEeCTBa U TEXHONOMMYECcKMX 0COBEHHOCTeN yrnen ns paaa
MecTopoXxaeHuni Mevyopckoro yronbHOro 6acceriHa. Ha ocHoBaHWM AaHHbIX O COCTaBe YriieBoAopoA0B-61oMapkepoB NoaTBEpP-
X[eHbl JaHHbIE O TEPMUYECKON 3pesiocTu opraHmyeckoro Bewectea (OB) yrnei, BbickazaHbl MPEANONoXeHUs 0 BAUSAHUM BOA-
HOW 1 TEPPUIEeHHOI PacTUTENIbHOCTM Ha dopMUpoBaHme ncxoagHoro OB 1 nokasaHbl pas3nMyns Mexay ero CocTaBom AJis Gypbix
yrneii, cocpeaoTo4eHHbIX B IOXXHOM YacTu Me4opcKoro yrofbHoro 6acceiHa, 1 KameHHbIX yriier ceBepHbIX paioHoB HGacceiHa.
B paboTe AEMOHCTPUPYETCS BOSMOXHOCTb MOy4eHnst 06e330/1eHHOr0 KOHLIEHTpaTa — Tak HasblBaeMOoro rmnepyrnsa — npu
3KCTPaKLMMN MCXOOHOrO yrnis N-MeTunnuppoanaoHoM Npu Temneparype KUneHns pacTBopMTeSNs C BbICOKMMM BbIXOAaMM U CXO[-

CTBO CTPYKTYPbI MNOJTY4EHHOIO NpoAaykKTa CoO CTpOEHNEM OpraHI/I‘-IeCKOI7I MacCCbl NCXOOHOI o yrng.

KnioueBble cnoBa: nepMckuii yrosb, [1e4opckuii yronbHbii 6acceriH, yr/iieBoaopoabi-O1MoMapKepbl, runepyrosb.

Introduction

Hypercoal (HPC) or ash-free coal is a product of ther-
mal extraction of initial coal by a polar organic solvent. Im-
portant properties of HPC are low ash content of less than
1%, a high specific heat of combustion (over 36 MJ/kg), ab-
sence of heavy and alkaline metals, inorganic (sulfate) and
sulfide sulfur, a wide plasticity range that determines the quality
and characteristics of coke [17]. The use of HPC as an addi-
tive to low-coking coal contributes to its increasing strength.
Fully ash-free coal can be used for direct combustion in gas
turbine plants. HPC for a long time retains its catalytic pro-
perties at gasification (non-waste catalytic production of syn-
thesis gas, hydrogen). It can also be used to produce high pu-
rity silicon (for solar panels), iron reduction, non-ferrous metal
smelting [16, 19, 21—23].

The first laboratory developments to obtain hypercoal
started in Japan in the 1990s. T. Takanohashi et al. [23] tried
to use a mixture of various organic solvents, including pure
N-methylpyrrolidone, and obtained yields not exceeding 15 %.
Although they extracted at room temperature, it was clear that
thermal extraction allowed increasing the content of the ex-

tractable substance. The use of 1-methylnaphthalene at 360 °C
during the extraction of subbituminous coal (Shenfu deposit,
China) allowed increasing yield of hypercoal to 56 % [21].

The Pechora coal basin (PCB) occupies a significant place
in the resource potential of Russia. The explored reserves of
the Pechora basin amount to 7.2 billion tons, of which brown
coal makes a significant part [3]. Because of that these fossil
fuels are characterized by a high ash content, especially brown
coals, where the ash content reaches 40 %, their consumer
properties turn out to be extremely low. The study of the
geochemical characteristics of the OM composition of PCB
coals will allow evaluating possibilities of production of ash-
free coal from them and the structural features of the obtained
product.

The aim of the present study was a detailed research of
the geochemical features of the organic matter of coals of the
Pechora coal basin and the possibility of production of hyper-
coals from them, as well as a comparative analysis and cha-
racterization of the obtained structure of HPC from coals of
different metamorphism.

Translation of the article by K. Ordin.
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Table 1. The main data of coals of the Pechora coal basin

Tabauya 1. OcHoBHble naHHble yriei Ileyopckoro yroabHoro 6acceiina

. Coorr Ay, Beixon I'TTY, %
Mectopoxnenune/mnact / Deposit/seam Bospacrt / Age Mapka / Rank % % Hypercoal yield, %
brown
Heuenckoe / Nechenskoe P,pc coal B/B 36.5 18.5 4
Wnmunckoe/mnact 10/8 / Intinskoe/seam 10/8 P,in b/A /B/LF| 3534 16.9 17
Wnarunckoe/mact 10/12 / Intinskoe/seam 10/12 P,in b/ /B/LF| 54.0 17.0 1§
Wnturckoe/wiact 11/10 / Intinskoe/seam 11/10 P,in b/ /B/LF| 544 14.2 13
Bopramopckoe/u1. Bopraimopekast, roract MoutHsiit .
Vorgashorskoe/Vorgashorskaya mine, Moshchny seam Pyrd/Pyin = AX / LFF 78.3 6.6 16.3
Bopkytckoe/m. OkTa6peckast, act MoiHeri . 8 -
Vorkutskoe/Oktyabrskayva mine, Moshchny seam Pyrd/Pin g [X/ GF 794 6.2 20.0
Bopkyrckoe/imn. Komcomonbekas, mact MoiHbrit . =
Vorkutskoe/Komsomolskaya mine, Moshchny seam Pyrd/Pyin I’X / GF 81.0 5.6 325
IOnwarurickoe / Yunyaginskoe Prd K/C 64.8 9.0 17.0
. . 24.0 (+pactBOpH-

BepxuecsipbsirnHckoe / Verkhnesyryaginskoe P,rd/P,in T/G 64.5 20.6 Tem/ solvent)

Materials and research methods

Coals of Nechenskoe, Inta, Vorkuta, Vorgashor, Verkh-
nesyryaga and Yunyaga deposits represented by rank B, D,
Zh, K and T, respectively, were used in the study (Table 1).

Coal samples characterized by high ash content were en-
riched in a liquid with a density of 1.6 g/m3. To obtain ash-
free coal or HPC, a sample of enriched coal weighing about
30 g was used and treated with 300 ml of N-methylpyrroli-
done (NMP) at the boiling point of the solvent. After distilla-
tion of the solvent, the resulting precipitate was dried at a tem-
perature of 230 °C, then washed with hot water and dried at a
temperature of 140 °C, and then stored for further studies [5].
The yields, ash content, and elemental composition were de-

48° 54°

termined for the initial coals and HPC and coal residues ob-
tained from them. 13C CP/MAS NMR spectra were obtained
for coal before and after NMP extraction [5, 6]. For a number
of samples, thermogravimetric analysis was carried out, py-
rolysis of samples at 420 °C in an argon flow, further pyrolysis
products were analyzed by gas chromatography/mass spec-
trometry [4].

Results and its discussion

The Pechora coal basin features coals of various ranks
from the onset of brown coal stage to anthracites (Fig. 1).
Regional metamorphism proceeded at various rates. In the
northwest, the thickness of catagenesis zones is 1.5—
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Fig. 1. Deposits of the Pechora coal basin [3]

Puc. 1. Mecropoxaenust [leuopckoro yrojgbHoro dacceiita 3]
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2 times less than in the east. Three types of catagenetic sec-
tions are distinguished, which differ by the growth rate and
thickness of the catagenesis zones: extended with a low growth
catagenesis gradient, medium and shortened with an increased
gradient [9]. In the south of PCB mainly brown coals are con-
centrated, in the northern part of the basin — hard and an-
thracites.

Organic geochemistry of PCB initial coals

Brown coals of the Nechenskoe deposit are character-
ized on average by lower C,, than coals of the Inta deposit
and more mature coals of Vorkuta regions (Table 1). The val-
ues of C,, in brown coal itself vary from 27 (matte coal) to
60 % (glance coal) [10], in the studied Inta coals — on aver-
age from 44 to 54 % [5], in hard coals of Vorkuta region —
74.7—81 % [6].

The composition of the hydrocarbon fraction of bitumoid
of the studied coals indicates a significant contribution of a
humus component to the initial biomass of coal. Firstly, this
is confirmed by a high content of odd n-alkanes in the high
molecular region (Fig. 2, A, C, D), and secondly, by signifi-
cant concentrations of C,q sterane, which is an important in-
dicator reflecting the terrygenous genesis (Fig. 3) [20]. Third-
ly, the composition of the aromatic fraction of bitumoid clearly
proves the presence of a terrigenous component containing
remains of coniferous and herbaceous vegetation [6]. Thus,
retene, methylretene, formed at the final stage during the di-
agenetic conversion of abietic acid, which is a part of the resin
of conifers, dominate among OM aromatic compounds of the
Vorkuta region coals, while in the Inta coals, along with retene

and intermediate products of conversion of abietic acid (simo-
nellite and dehydroabietane) cadalene is present, found in many
herbaceous plants, fungi, bryophytes, and a number of other
sources [15]. The obtained data do not contradict the petro-
graphic composition of the studied coals [3, 10, 11].

An interesting feature of the hydrocarbon composition
of Permian bitumen coals of the Pechora coal basin is the dif-
ferent ratio of normal alkanes to acyclic isoprenoid alkanes
(Fig. 2) (Table 2). For example, isoprenanes are practically
absent in the brown coal bitumen of the Nechenskoe deposit
— Pr+Ph/u-Cj;+u-C g ratio varies from 0.09 to 0.46 [8]. It
would seem that these coals are in the initial series of thermal
transformations, i.e. are the most immature among Permian
coal from PCB (analysis of coal samples showed that the vit-
rinite reflectance R does not exceed 0.41 % and corresponds
to the brand of brown coals), and probably could not release
some of isoprene structures. Nevertheless, an experiment with
water pyrolysis of Nechenskoe brown coals at 300 °C showed
insignificant changes in (Pr+Ph/#-C;+1-Cy) ratio, varying
from 0.26 to 0.54 (Fig. 2, A and B) [2], i. e. remaining within
the limits of the unconverted OM of coal [8]. It is likely that
such a low content of isoprenanes in the coals of the Nechen-
skoe deposit is resulted from some difference in the composi-
tion of the initial plant material of these coals relative to other
PCB coals. According to the data [11], OM accumulation of
coals of the Nechenskoe deposit proceeded in peat bogs, some-
times accompanied by formation of stagnant environment at
changing anaerobic-aerobic conditions.

The insignificant contribution of aquatic vegetation to the
total initial biomass of the studied coals is also confirmed by
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Fig. 2. Gas-chromatography distribution of #- and iso-alkanes of the hydrocarbon fraction of Permian coal bitumoids of the Pechora coal basin:
A, B — of the Nechensky deposit before and after hydrous pyrolysis at 300 °C, respectively, C — of the Intinsky deposit, D — of the
Vorkutsky deposit

Puc. 2. I'azoxpomarorpacduyeckoe pacipeieieHue H- U u30-aJKaHOB YIJIeBOAOPOAHOM dhpaKkiiuy OMTYyMOUIOB MepMcKux yrieii [ledopc-
KOro yrojibHoro dacceitHa: A, B— HeueHckoro MecropoxaeHus 10 u nocie BogHoro nuponusa rnpu 300 °C coorBerctBeHHO, C — MHTHH-
cKkoro mecropoxaeHusi, D — BopKyTcKOro MecTopoxaeHust
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C29

Fig. 3. Triangular distribution diagram of the composition Cy;—C,yq
steranes of the hydrocarbon fraction of Permian coal bitumoids
of the Pechora coal basin

Puc. 3. TpeyronbHas nuarpaMma pacrpeiesieHus CTepaHOB cocTaBa
C,7;—C,9 yrireBonopoHoii ppakiuu OUTYMOUO0B IEPMCKUX YIJIei
[Teyopckoro yronbHoro dacceitHa

the data on the distribution of n-alkanes, where the main max-
imum falls on n-alkanes of C,;—C,5 composition [5, 6, 8, 11].
As a rule, n-alkanes of C,;, Cy; and C,5 composition can be-
long to vascular plants, microalgae, sphagnum, etc. [14, 18].
Coal bitumoids from the Vorkuta region are characterized by
a more pronounced dominance of n-alkanes of C,;—C,5 com-
position [6].

The lithological studies of PCB coal deposits, in particu-
lar, the Inta formation of the Inta coal region, allowed the

authors [12] to make an assumption about the formation of
swamp peatlands and lakes of different sizes in the Pechora
Basin, which resulted in the formation of coals of different
OM composition.

Based on the results of the analysis of polycyclic hydro-
carbon biomarkers, we evaluated the degree of OM thermal
conversion of coals [5, 6, 8]. By the presence of biological forms
of BP hopanes, unsaturated pentacyclic terpanes — neo-
hop13(18)-enes of C,9 and C;, composition, as well as low
values of 22S/22S5+R ratio calculated by aoa C,q sterane, and
22S/22S+R ratio calculated by aff C;; hopane (Table 2), we
determined that the maturity of the organic matter of coals
from Nechenskoe and Inta deposits was small and correspond-
ed to the end of protocatagenesis. For OM of these coals, it
was significantly lower than the thermal maturity of OM of
the coals from Syryaga, Vorkuta, and Vorgashor deposits of
PCB. In the latter case, OM catagenesis reaches MC, grade —
onset of MC; [2, 7], which is concordant with the reconstruc-
tion of the paleogeothermal regime of Permian strata of Pre-
Ural Foredeep carried out earlier by L. A. Anishchenko et al.
[1,9].

Production of ash-free coals

After NMP treatment we received hypercoals with an ash
content of less than 1 %. The yield of the extract ranges from
4 to 30 %. The minimum HPC yield is characteristic of brown
coal of the Nechenskoe deposit. Inta coals also give low ex-
tract yields, the metamorphism of which is low. The highest
yield of the extract was obtained at processing gas fat coals.

To study the structural features of the initial coals, HPC
and coal residues, we used thermogravimetric analysis (TGA),
examined 13C NMR spectra, and carried out off-/ine pyrolysis
of the samples.

TGA curves, obtained for the initial coal-hypercoal-coal
residue series, indicate that the greatest weight loss upon heat-
ing turned out to be characteristic of hypercoals (up to 35 %)
(Fig. 4). In the range of 400—500 °C, so-called active pyroly-

Table 2. Geochemical characteristics of the hydrocarbon fraction of coal bitumen of the Pechora coal basin by GC and GC/MS

Tabauya 2. T'eoxuMmyeckas XapakTepUCTHKA YIJeBOAOpoaHoi ¢pakuun outymounna yrieit ITeyopckoro yroabHoro 6acceiina
no gaamapiM I2KX u XMC

MecropoxieHue Cos |Pr+Ph/ 20S/20S+R 228/228+R
Deposit Obpasen / Sample 7;: C,;+C5|Cyo-cTepan / Cyg-sterane|C;,-ronan / C,,-hopane
Vrons baecrammii, cks. 408, Ne 14
Bright coal, borehole 408, No. 14 4240 1 0.30 0.07 0.13
VYronp noaymaroBbtit, ckB. 408, Ne 42
Heuenckoe Semi-dull coal, borehole 408, No. 42 27.80 0.21 0.07 0.13
Nechenskoe Vronb nostocyarsriii, cks. 408, Ne 52
Banded coal, borehole 408, No. 52 5240 0.46 0.12 0.17
Vrose nmonyosrecrsiinuii, cks. 408, Ne 57
Scmi-bright coal, borchole 408, No. 57 4870 | 0.25 0.02 0.12
10/8 53.40 1.81 0.07 0.19
Unrtunckoe 10/12 54.00 1.53 0.06 0.17
Intinskoe 11/10 54.40 1.70 0.04 0.15
11/18 44.30 2.15 0.05 0.15
Cuhipesirurckoe  |SYR-6-1 50.87 1.18 0.37 0.58
Syryaginskoe SYR-8-2/1 41.10 1.80 0.46 0.60
1utacT Monaeiif, 30—60 ¢M OT ITONGIITBAL
Moshchny seam, 30—60 cm from base 78.28 1.56 0.45 0.60
Bopramopekoe  |tuiact Mowastit, 120—150 ¢M o HogomBb
Vorgashorskoe Moshchny seam, 120—150 cm from base 7470 4.41 0.39 0.59
rtacT Momneiii, 180—200 cM ot mogoiBst
Moshchny seam, 180—200 cm from base 76.27 1.59 0.46 0.59
Bopkyrckoe 1. Okrabpeckast / Oktyabrskaya mine 79.41 1.00 0.46 0.58
Vorkutskoe 1. Komcomonbckas / Komsomolskaya mine | 81.00 0.38 0.42 0.59
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Fig. 4. TGA curves coal, hypercoal and coal residue from mine
Komsomolskaya (Vorkutsky deposit)

Puc. 4. Kpusbie TT'A yruis, I['TIY u yroiasHoro ocrarka u3 . Kom-
comoibekoii (BopkyTckoe MecTopoxaeHue)

sis occurs, at which a sharp decomposition of OM of the coals
occurs, followed by passive pyrolysis at a higher temperature,
at which a long-term thermal decomposition takes place. The
decomposition of HPC starts much earlier than coal and oc-
curs stepwise, which may be due to the extraction of various
structural blocks during extraction. Residual coal is charac-
terized by a more gradient weight loss [4].

Solid-state 13C NMR spectroscopy for the initial coals,
HPC, and coal residue showed the presence of two broad bands
related to aliphatic carbon (10—40 ppm range) and aromatic
carbon (100—150 ppm range). As can be seen from the spectra,
aromatic structures dominate in the structure of the studied

Nechenskoe deposit (B)

coals, and the higher the stage of coalification, the lower the
ratio of aliphatic carbon to aromatic carbon (Fig. 5). Analysis
of 13C NMR spectra indicates that the structure of the hyper-
coals is rather similar to the initial coals. Moreover, they are
characterized by a slight increase of the aliphatic component
and the presence of amido groups due to interaction with the
solvent. The spectra of the residual part of the coal after extrac-
tion also indicate the dominance of aromatic component of coal
organic mass. Schematically, the image of the hypothetical
structure (structural unit) of HPC, obtained during the extrac-
tion of the initial NMP coal, can be represented as follows
(Fig. 6). A polar solvent penetrates the structure of coal and
breaks the hydrogen bonds inside the matrix of coal organic
mass, while new hydrogen bonds arise between the solvent and
the structural components of coal. Unfortunately, the present-
ed model does not reflect real structural fragments of Permian
coals. Nevertheless, it quite clearly reflects the “aromatic” es-
sence of OM coals as a whole, and also explains the effect of the
polar solvent and production of hypercoals.

The pyrolysis of coal and its products by solvent, carried
out off-line at 420 °C in argon atmosphere, showed that the
main components of the pyrolyzate were n-alkanes and n-alk-
enes- 1, the aromatic components were represented by alkyl-
substituted benzenes, naphthalenes, phenanthrenes, dibenzo-
furans and biphenyls [4]. We calculated yields of sums of
n-alkanes, alkylnaphthalenes and alkylphenanthrenes. The
yield of phenanthrenes for a series of coal — HPC — residue is
maximal for the hypercoal and minimal for the residue. The
yield of both n-alkanes and naphthalenes for the coal residue
is lower than for the initial coal and the hypercoal extracted
from it. The analysis of ratios of n-alkanes/naphthalenes,
n-alkanes/phenanthrenes and naphthalenes/phenanthrenes
allowed determining that, in comparison with the precursor
structures of n-alkanes and naphthalenes, the precursor struc-
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Fig. 5. 13C NMR-spectra: A — of the initial coals of Pechora coal basin, B — hypercoals
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elementary moiety of hypercoal

Fig. 6. Formation of the elementary moiety of hypercoal (fragment of the chemical structure of coal vitrinite is taken from the work [13])

Puc. 6. O6pa3oBaHue 3JIeMEHTapHOr 0 3BeHa rurepyrist (hpparMeHT XMMUYECKOM CTPYKTYpbl BUTpUHMTA Y [13])

tures of phenanthrenes are transferred to HPC composition
during coal extraction with N-methylpyrrolidone. In coal,
HPC and residue, the precursors of naphthalenes and »-al-
kanes are in equal proportions. The obtained results suggest
that extraction with N-methylpyrrolidone with greater effi-
ciency transfers substantially aromatic components of initial
coal to HPC composition, and the transfer efficiency of ali-
phatic fragments is lower.

Conclusion

Thus, studies of the hydrocarbon composition of Permi-
an coal bitumoids from the Pechora coal basin showed that
the main component of their initial biomass was the remains
of higher vegetation represented by mass of conifers and her-
baceous plants. At that algal components, also in the initial
OM of coal, played an important role in the formation of the
coals, especially in the northern areas of the Pechora basin.
The analysis of polycyclic biomarkers confirmed patterns of
catagenetic transformation of OM of the coals of the basin
revealed earlier [9], where it was shown that coals with ex-
tremely low OM maturity were concentrated in the southern
part of PCB, while OM maturity in the northern part of the
basin is significantly higher and corresponds to MC,_; grades.

The geochemical features of OM composition of the coals
affected the production of ash-free coals. Thus, low HPC yields
were obtained from higher ash, rebellious immature coals from
PCB, characterized by a heterogeneous, predominantly vit-
rinite composition and strong OM oxidation. It is possible that
to increase yield of the extract from brown coals of the Nec-
henskoe deposit and long-flame coals of the Inta deposit, it is
necessary to change the technology of HPC production by
increasing the temperature of its extraction. On the whole,

the structure of the produced hypercoals has a certain simi-
larity with the structure of the initial coal; therefore, it is like-
ly that after processing by an organic solvent, coals of the same
type of structure will be obtained without mineral impurities.

Analytical studies are partially carried out at CCU Geonauka.
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The rise of forests in the Mid and Late Devonian has attracted much attention as potential drivers of the Earth System. In
this context it is important to understand what groups contribute to the first wetlands found at the Devonian palaeoequator. A
time series of Devonian coals shows that the palaeoequatorial Mid and Late Devonian humic (vitrinite rich) coals are dominated
by the lycopod microspore Cymbosporites and megaspore Verrucisporites that can be confidently associated as the spores
from Protolepidodendropsis. This plant has successfully colonised and probably created the wetland coal environment by the
ability to shallow root and hence anchor the trees above the anaerobic layer. The progymnosperm Archaeopteris is abundant
from its spores in Devonian palaeoequatorial sediments but plays no role in these coal forming wetlands. More rigorous age
dating shows that there is some evidence for a Tournaisian coal gap.

Keywords: Mid and Late Devonian, Early Carboniferous, coals, evolution of wetlands.

NEBOHCKME M PAHHEKAMEHHOYIONGHGIE YIMH W 3BONMUKA GONOTHBIN BAUMH

. 3. A. Mapmannl, O. I1. TeasnosaZ, K. M. Beppu3

' [Ikona n3ydeHust okeaHa u 3emiin, CayTreMIITOHCKHI YHUBEPCUTET,
HanmonanbHBIN oKeaHorpadmaeckuii ieHTp, EBporteiickumii myth, CayrremnToH, SO14 3ZH, UK
2 NUucrutyt reonoruu @PULL Komu HL YpO PAH, ChIKTBIBKap
3 [1Ikona u3yueHns 3eMiIM U okeaHa, YHuBepcuteT Kapnudda, Main Building,

Park Place, Cardiff CF10 3AT, Wales, UK

JNeca B cpegHeM 1 NO34HEM AEBOHE NPUBEKaOT 60J1bLIOE BHUMaHME Kak NOTeHUMaNbHble ABMXYLLME cuilbl Buocdepbl. B
3TOM KOHTEKCTE BaKHO MOHATb, KakmMe rpynbl pacTeHnin CnocobCTBOBAIN NOSIBIEHMIO NEPBbIX O0NOTHLIX Gaunii B A8BOHCKOM
naneoskearope. AHaIN3 Naneo3kBaTOPUaSIbHbIX CpeaHe- 1 MNO3AHEeAEBOHCKNX N'YMUHOBbLIX (60raTbiX BATPUHUTOM) yriein noka-
3a1, 4TO B HUX npeobnanaoT Mukpocnopbl Cymbosporites nnayHOBUOHbLIX pacTeHU 1 meracnopbl Verrucisporites, N3BeCTHbIe
in situ 3 Protolepidodendropsis. 310 pacTeHne 6aarogapst HATMYMIO MESIKUX KOPHEBbLIX CUCTEM, KOTOPbIE YKPEenasin epeBbs
Haf, aHa3pOOHbLIM C/OeM, YCMELLHO KOJIOHU3NpPOoBasio 60NoTHbIE daumn 1, BEPOSITHO, crnocobCcTBOBaNO yrineobpasoBaHuto. B
[EBOHCKNX NaJie03KBaTOPUaIbHbIX OTJIOXKEHUSIX B U300MIMKM BCTPEYaoTCst CNopbl NporvMHocnepma Archaeopteris, HO 3To pac-
TeHue He aBaseTcs yrneobpasyowmm Ha 3ab0SI04EHHbIX TEpPUTOPUSX. B TypHeickoe BpemMs (paHHWUIA KapOOoH) NpoLecc yrie-
HakonaeHns nmen cneundunyeckme XxapakTepPCTUKN.

KnioueBble cnoBa: cpeaHuii v no3aHuii AeBOH, PaHHW KapOOoH, Yrosb, 3BOJIOLMS GOMOTHBIX aLuii.

Introduction stone deposits. It has been argued [2] that these changes drove

The Devonian was a pivotal episode in the evolution of the Devonian Earth System into a series of environmental per-
land vegetation as it was the time when plants transitioned from turbations including mass extinctions and the descent into an
small simple forms lacking roots and leaves to tall more deeply ice house planet. One signifier of the sequestration of carbon
rooted trees with extensive fronds that formed the first forests into terrestrial sediments is the presence of Devonian and early
[1]. This deeper rooting changed soils into biogeochemical fac-  Carboniferous coals. The best compilation of these coals [3]
tories that released significant nutrients (e. g., phosphorus) maps their distribution in time slices for the Mid and Late De-
which stimulated growth of both terrestrial plants and marine vonian and the Tournaisian and Viséan. A significant attribute
phytoplankton with increased sequestration of organic matter of coals is that they formed from in sifu vegetation. Hence, the
into sediments. In addition, the Ca?* and Mg2" released from dominant spores found within them informs us as to the likely
these minerals also drewdown CO, by forming extensive lime-  plants that formed them. Therefore, by studying a time series of
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Devonian coals we can understand which plant groups were
present in the Devonian wetland environment and how they
changed through time. It is also particularly informative to study
coals from the Devonian and early Carboniferous equatorial
areas as it is today’s equatorial areas that drive the Earth System
in terms of terrestrial biomass production. Therefore, any study
of these first equatorial forests is of significance.

Material and Methods

We have had access to a time series of coals from selected
Devonian and Early Carboniferous localities. These are:

Akarachkino Quarry, Salair, Eifelian, lowest Momontovo
Formation [4];

Mimerdalen cannel coal, Pyramiden, Spitsbergen, late
Givetian with petrology [5], palynology [6, 7] plus additional
samples;

Hill 251 and G217 Highway, Givetian, Hoxtolgay, Xin-
jiang, China [8];

A series of coals from Melville Island, Arctic Canada
(Nunavut), Weatherall, Hecla Bay and Beverley Inlet Forma-
tions, Givetian to Frasnian [9];

Bjerney (Bear Island), Svalbard, coals from the mid Fa-
mennian [10—12];

Triungen, Spitsbergen, Viséan [13];

Backlund Ridge, Geographical Society @ (island), East
Greenland, Viséan [14].

The coals (0.15 g, finely crushed) were oxidised with con-
centrated HNO; saturated with KCIO; followed by washing by
dilution with water, sieving at 15 um and then a short (15 min-
utes) treatment with 5 % KOH which solubilised the bulk of
the vitrinite material. The oxidation time (8—36 hours) was
experimentally determined by a successful maceration that pro-
duced well-preserved spores that were not over-oxidised. The
isolated spores were mounted in Elvacite 2044T™,

Selected coals were prepared in polished block for reflect-
ed light petrographic study. The coals were mounted in Fast-
glass resin and cut down to expose the coal. They were then
polished successively with 9.5 um, 3 um and 0.05 pm alumina
powder on Kemet synthetic laps. The coals were examined us-
ing a low power x40 oil immersion objective in both incident
white light and UV fluorescence (filter set 9 BP 450—490,
FT 510, LP 520) using a Zeiss UMSP 50 microscope.

Spores from Devonian coals

The oldest coal from Akarachino was preserved within a
carbonate succession and proved to be significantly degraded.
Petrographically the coal appeared fragmented but homogenous
with no identifiable spores. Several oxidations were attempted
but no spores were recovered. There are a number of other coals
of Mid Devonian age reported particularly from Central Asia
[15] and China [16] which are cuticle coals from plants such as
Orestovia and Barsassia and will not be considered further.

An informative coal is that from the late Givetian in Mimer-
dalen, Spitsbergen. Here it occurs in a succession of late Givetian
to Frasnian age where megaspores (Contagisporites) and mi-
crospores (Geminospora) found elsewhere in situ [17] from the
progymnosperm Archaeopteris are common throughout the se-
quence. In addition, the lycopod Protolepidodendropsis is abun-
dant, preserved in places as upright thickets of trees. The mi-
crospore Cymbosporites magnificus and megaspore Verrucisporites
submamillarius can be confidently associated [18] as the spores
from this plant. There are rare Archaeopteris trees preserved as
upright specimens including a putative example within a thick-
et of Protolepidodendropsis. The Mimerdalen coal is relatively

thick (~1 m) but somewhat tectonised and hence difficult to
determine if rooted at its base. Spore analysis [6, 7] shows there
to be a variety of spores present but importantly there is a sig-
nificant component 15—16 % [7] from Archaeopteris as repre-
sented by Geminospora svalbardiae. In contrast Cymbosporites
magnificus is rare and only reaches a maximum of 2.5 % in a
single coal sample. Reflected light petrography of the coal shows
a dominance of spores and hence this was a spore coal formed
from the accumulation of plant debris rather plant debris anaer-
obically degrading to vitrinite.

Arctic Canada (Nunavut) is particularly important for
palacoequatorial Devonian coals as these occurred within a
contiguous sequence of Eifelian to Famennian age. In addi-
tion, they have been systematically reviewed as regards petrog-
raphy and palacoenvironment [9]. This shows them to be a mix-
ture of humic and cannel coals. It was from a sub-set of these
humic coals (i.e. vitrinite rich) that spores were isolated. These
analyses show all the coals are dominated by Cymbosporites to-
gether with its associated megaspore Verrucisporites. Geminospora
is effectively absent. This demonstrates that all these coals were
deposited in wetlands with a vegetation of lycopod trees allied
to Protolepidodendropsis. This is informative as there are a num-
ber of publications on the Devonian spores from Arctic Canada
[19] that enable us to link together the inception of Geminospo-
ra spp followed 300 m higher by Cymbosporites. The inception
of Geminospora is used to pick the base of the Givetian stage
[19] although with very little independent age evidence. These
occurrences are substantiated by the inceptions of their me-
gaspores [20] in the same sections.

The abundance of vitrinite together with the dominant
Cymbosporites shows that these coals formed in an anaerobic
peat deposited from a lycopod forest. This was to the exclusion
of Archaeopteris that is regarded as the more advanced plant with
deeper more extensive root systems, secondary growth and more
extensive photosynthetic surfaces. Archaeopteris was clearly lo-
cally abundant from its presence in the dispersed spore record
in the same sections but unable to compete within the wetland
environment. A key to understanding this exclusion was that
the lycopods would have been able to dominate [20] as they
were shallowly rooted and hence above the anaerobic layer. It
can now be hypothesised that it was not that lycopods were able
to adapt to this wetland environment but rather that they insti-
gated it in the Mid and Late Devonian. Lycopods would have
grown in wet climates with a high P/E ratio and their remains
would have accumulated to create anaerobic conditions within
a water saturated peat. This would have then excluded any plant
that was more deeply rooted and created a distinctive wetland
ecosystem within Mid Devonian equatorial environments. This
lycopod dominance in wetlands continually evolved to reach
its apogee in the Late Carboniferous with the sophisticated stig-
marian [21] root systems

A similar dominance of Cymbosporites also occurs in Chi-
na [8] where there are palacoequatorial coals of Givetian and
Frasnian age in the isolated Altaid volcanic arc terrane of Jung-
gar in Xinjiang. Here a number of coal seams occur and are
dominated by vitrinite to the exclusion of other coal macerals
particularly sporinite. However, both lycopods, Cymbosporites
and Verrucisporites are present throughout the enclosing clastic
sequence.

Palaeoequatorial coals of Famennian age are generally rare
but occur on Bjernegy (Bear Island) in the Svalbard archipelago.
These coals are mid Famennian in age, pre-dating the occur-
rence of Retispora lepidophyta that occurs higher in the succes-
sion. Palaeobotanically the coals are associated with numerous
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1 & 2. Pair of incident UV fluorescence and white light images of Givetian cannel coal from Mimerdalen, Spitsbergen. The UV fluorescence
image shows mostly yellow spores with very little non-fluorescent vitrinite present. Scale bar 50 pm.

3 & 4. Pair of incident UV fluorescence and white light images of Givetian coal from Arctic Canada. Yellow-orange fluorescent spores are
abundant but significant areas of made up of non-fluorescent medium grey coloured vitrinite (4). Scale bar 50 pm.

5. Givetian humic coal from Arctic Canada composed entirely of vitrinite. Scale bar 50 um.

6. Verrucisporites sp, a lycopod megaspore from a Givetian coal in Arctic Canada. In Mimerdalen this genus can be confidently associated
with Protolepidodendropsis. Scale bar 10 pm.

7. Cymbosporites magnificus, a lycopod microspore from a Givetian coal in Arctic Canada. In Mimerdalen this spore can be confidently
associated with Protolepidodendropsis. Scale bar 10 pm.

8. The most abundant spore from the mid Famennian sequence with Cyclostigma coals in Bjerney. This has been attributed to
Hymenozonotriletes luteolus [11] and is the potential spore of Cyclostigma. Scale bar 10 pm.

9. Cymbosporites magnificus, a lycopod microspore from the Givetian coal in Mimerdalen that can be confidently associated with
Protolepidodendropsis. Scale bar 10 pm.

10. Verrucisporites submamillarius, a lycopod megaspore from the Givetian coal in Mimerdalen that can be confidently associated with
Protolepidodendropsis. Scale bar 10 pm.

11. Geminospora lemurata, the in situ microspore of Archaeopteris from Mimerdalen, Spitsbergen. Scale bar 10 pm.

12. Contagisporites optivus, the in situ megaspore of Archaeopteris from Mimerdalen, Spitsbergen. Scale bar 10 um.

1 u 2. [Tapa n300pakeH i JKUBETCKOI0 KEHHEIBCKOro yriist B YD-1ydax u oTpaxkeHHOM GesioMm cBeTe, MumepnaieH, LnuudepreH.
B Y®-nyyax MHOXeCTBO criop (uiroopeciupyeT B KeJITOM 1BeTe, He3HAUMTeIbHbIe BKIIOYSHMSI BATPUHUTA cepble, He GIII00PeCIMPYIOT.
MaciurabHas auHelika 50 MKM.

3 u 4. [1apa nzodpaxenuii yrisa B YD-nydax v OTpakeHHOM O€IOM CBETE M3 XXMBETCKMX O0OHAXXeHU I ApkTuueckoii Kananel. B YO-
JIy4ax MHOXKECTBO CITop (TI00PECLIMPYET B JKEITOM 1IBeTe, He3HAYMTeIbHbIe BKITIOUSHUST BATPMHUTA cephle, He ditioopecipyioT (4). Mac-
mTabHast JuHelka 50 MKM.

5. KuBeTckuii ryMUHOBBIIN YroJib U3 ApKTHYecKOM KaHambl MOJTHOCTBIO COCTOMT U3 BUTPUHUTA. MaciutabHast TuHelika 50 MKM.

6. Verrucisporites sp, Meracrnopa rjiayHoBUIHOI'O U3 XKMBETCKOro yriist Apktuueckoit Kananbl. B obHaxkeHMsix MumepaaieHa sToT pon
CIIOp MOXET OBITh YBEPEHHO CBsi3aH C Protolepidodendropsis. MaciitabHast nuHeika 10 MKM.

7. Cymbosporites magnificus, MUKPOCIIOpa TJIayHOBUAHOTO U3 KMBETCKOro yriisi Apktuueckoi Kananpl. B o6HaxeHusix Mumepnane-
Ha 3TOT PO/ CIIOp MOXET OBbITh YBEPEHHO CBsI3aH ¢ Protolepidodendropsis. MaciutabHas irHeiika 10 MKM.

8. Haunbonee pacnpoctpaHeHHast ciopa u3 cpenHedameHckux yriueit ¢ Cyclostigma B MenBexbeM. DTOT BUI CIIOP OTHOCUJICS K
Hymenozonotriletes luteolus | 11], moTeHLIMaNbHBIMU MPOAYLIEHTAMU KOTOPbIX NMpenmnonaranuck Cyclostigma. MaciirabHas iuHeiika 10 MKM.

9. Cymbosporites magnificus, MUKpOCIIOpa TJIayHOBUIHBIX U3 XKMBETCKOT O YIJisl B MuMepaaieHe, KoTopasi MOXeT ObITh YBEPEHHO CBsI-
3aHa c Protolepidodendropsis. MaciirabHas nuHeiika 10 MKM.

10. Verrucisporites submamillarius, Meracrnopa rjiayHOBUIHbBIX U3 XXKMBETCKOIo YIJisi B MumepaaieHe, KoTopasi MOXeT ObITb YBEPEHHO
cBsizaHa ¢ Protolepidodendropsis. MaciutabHas nuHeiika 10 MKM.

11. Geminospora lemurata, muxpocriopa in situ Archaeopteris u3 Mumepnanena, LlInuibepren. MaciirabHas auHeiika 10 MKM.

12. Contagisporites optivus, Meracropa in situ Archaeopteris u3 Mumepnanena, Llnuubepren. MacinrabHast inHeiika 10 MKM.
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occurrence of the lycopod Cyclostigma kiltorkense and are accepted
as being formed from this plant. The dominant spore in the suc-
cession has been referred to Hymenosporites luteolus [10,11]. How-
ever, it would appear to be more similar to Hymenozonotriletes
papulosus or Spelaeotriletes microgranulatus Byvscheva var. minor
Byvscheva, 1976. However, it is notable that the spore possesses
an internal ring structure, a feature that is characteristic of the
lepidodendroid lycopods such as Lycospora.

Tournaisian coals

Although the compilation of Boucot ef al., [3] lists a num-
ber of Tournaisian coal occurrence from Spitsbergen and Bjerney
most of these are not supported by palynological assemblages.
For example, the Spitsbergen coals in the Triungen section ap-
pear with the inception of Lycospora pusilla and are Viséan in
age. Similarly, at Backlund Ridge and Rebild Bakker in East
Greenland [14] the inception of coals is again coincident with
Lycospora pusilla. On Bjerngy there are no recorded coals [10]
between the last occurrence of Retispora lepidophyta and the in-
ception of Lycospora pusilla. Although more records have to be
directly tested it appears there may be either a coal gap or general
paucity of the coal environment in the Tournaisian. A future chal-
lenge is to build on the compilation of Boucot and others to pro-
duce a separate Tournaisian coal distribution map.

Conclusions

A time series of Devonian palaeoequatorial coals shows
that their spores were dominated by the microspore Cym-
bosporites together with the megaspore Verrucisporites. Both of
these spores can be confidently associated with the lycopod tree
Protolepidodendropsis. The microspores and megaspores of the
progymnosperm Archaeopteris are also abundant through these
sequences but were absent from the coal swamp environment.
A hypothesis is that the lycopods with their shallow root were
preadapted for a wetland environment by being able to grow
above the anaerobic layer. This prevented other, more deeply
rooted plants such as progymnosperms from occupying the same
environment. This explains the early (Mid Devonian) exclu-
sivity of lycopods to the wetland coal swamps. Mid Famennian
coals from Bjerney were again dominated by lycopods (Cyclostig-
ma). Analysis of Tournaisian coals from our collections shows
that these are not Tournaisian in age but rather Viséan. This
hints there may be a Tournaisian coal gap.
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DEVONIAN-CARBONIFEROUS BOUNDARY IN THE EAST OF THE PECHORA PLATE
(KAMENKA RIVER AND VANGYR RIVER SECTIONS)

A. V. Zhuravley, D. B. Sobolev

Institute of Geology FRC Komi SC UB RAS, Syktyvkar; micropalaeontology@gmail.com

The representative sections outcropping shallow-water and deep-water Devonian/Carboniferous successions in the East of
Pechora Plate (Kamenka River section and Vangyr River section) are considered in respect of facies, conodont, and ostracode
changes. In the Kamenka River section the D/C boundary beds are composed of bioclastic limestones interbedded with dark-gray
clays (lower part of the Edzhid Fm.). The deposits contain abundant and diverse benthic ostracodes of Pseudoleperditiatuberculifera
— Coryellina alba — Cribroconcha primaris ostracode Zone, and diverse conodont associations of praesulcata and sulcata zones.
The negative shiftsin 6‘300rg in conodont organic matter accompanied by weak positive shift in 6‘3Cwb in bulk carbonates suggest
eutrophic conditions in the lagoon environment and disbalancing of the trophic web at the terminal Famennian. D/C boundary
beds in the Vangyr River section are represented by calciturbidites, pelagic carbonates, and shales (lzyayu Fm.). Transgressive
phase of Hangenberg Event is marked by the black shale layers. The Upper Famennian conodont associations are dominated by
Palmatolepis gracilis group; the ostracodes compose diverse associations of Turingian and slope ecotypes.
The D/C boundary is marked by appearance of conodonts Siphonodella sulcata in associations with ostracodes Armilla uralica.

Keywords: Devonian-Carboniferous boundary, conodonts, ostracodes, biostratigraphy, Hangenberg Event, Pechora
Plate.

[PAHMUA JEBOHA W KAPROHA HA BOCTONE MEYOPCKOM MATHI
(PA3PE3bI HA P. KAMEHKE W P. BAHIbIP)

A. B. XKypasaes, JI. . Cobonen

HNuctutyt reonorun @UIL Komur HII YpO PAH, CeiKThIBKap

MpencraBuTENbHbIE PA3pesbl, BCKPbIBAOLME MENKOBOAHbIE U IFyOOKOBOAHbIE AEBOHCKO-KAMEHHOYIOJIbHbIE OT/IOXEHWS
Ha BocTOKe Nevopckon nanTel (p. KameHka u p. BaHrbip), paccmaTpmBaloTCs B OTHOLLIEHUU N3MEHEHUI daLmnii, KOHOOOHTOB U
ocTtpakop,. B pa3pese Ha p. KameHke norpaHunyHble OTN0XEHUS EBOHA U KapOoHa NpeacTaBieHbl G1MoKNacTUHeCKMMM U3BECT-
HsIkaMK, NepecnanBaloLLUMNCS C TEMHO-CEPLIMU FMHAMU (HUXXHSS YacTb blIKMOCKOW CBUTLI). OTNOXEHUS coaep>KaT MHOMo-
YnCNeHHble N pasHoobpasHble 6eHTOCHbIE OCcTpakoabl 30Hbl Pseudoleperditia tuberculifera — Coryellina alba — Cribroconcha
primaris, a Takxe pasHooOpa3Hble KOHOAOHTOBbIE accoumaumm 30H praesulcata n sulcata. OTpuuarenbHble COBUMM B 6‘3Cmg
B OpraHnM4yeckomM BEeLLEeCTBE KOHOOOHTOB, COMpoBOXAAoLmMecs: cnadbiM NOMOXKUTENbHBIM COBUTOM B 6‘3Cwb B kapboHarax,
yKa3blBaloT Ha 3BTPOMHbIE laryHHbIe YCII0BUS U aucbanaHc TpodU4eckom cety B TepMUHanibHOM dameHe. MorpaHnyHblie ciov
B pa3pese Ha p. BaHrbip npeacTaBneHbl kKanbuMTypbmuanTamm, nenarmdeckumMmm kapboHatamm u aprunntamm (M3bsilockasi CBU-
Ta). TpaHcrpeccmBHas ¢aza cobbliTus Hangenberg MapkmupyeTcst NPOCnosMUn «4epHbIX CnaHues». B BepxHedameHckmx acco-
uMaumax KOHOOOHTOB NpeobnagaeT rpynna Palmatolepis gracilis; octpakoapl NpeacTaBneHbl pa3HoobpasHbIMKU accoumaums-
MU TIOPUHICKOrO 1 CKITIOHOBOIO 9KOTUMOB. ['paHnLia AeBoHa 1 kapboHa oTMeYeHa NosiBJieHMeM KOHOAOHTOB Siphonodella sulcata
B accoumaummn ¢ octpakogamu Armilla uralica.

KnioueBble cnoBa: rpaHuia AeBoHa U kapOboHa, KOHOAOHThI, OCTPakoabl, buocTpaTurpadus, XaHreHbeprckoe cobbiTue,
[Meyopckasa nnuTa.

well-known mass extinction among most marine organisms

Introduction

Devonian-Carboniferous boundary interval corresponds
to the dramatic extinction event in the middle Palaeozoic. The
latest Famennian Hangenberg Event, associated with the glo-
bal transgressive-regressive couplets, corresponds to Siphon-
odella praesulcata conodont Zone [1]. The event led to the

[10]. The traces of the Hangenberg Event, elucidating D/C
boundary beds, are detected globally, but described in details
mainly in the tropical realm in southern hemisphere (e. g. [1]).
The Pechora Plate corresponded to low-latitude realm of the
Northern Hemisphere in the terminal Famennian-earliest
Tournaisian time [8].
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The key objective of this study is to evaluate conodont and
ostracode changes in the D/C boundary interval in shallow-
water and slope facies in the Pechora Plate in respect to Hangen-
berg event.

Material

About 14 sections cropping out the Devonian-Carbonif-
erous boundary beds are known in the North of Urals and
Pechora Plate regions [7]. The representative sections demon-
strating shallow-water and deep-water successions in the regions
are the Kamenka River section (the eastern part of the Pechora
Plate) and the Vangyr River section (Chernyshev Uplift, Sub-
polar Cis-Uralian) (Fig. 1). The Kamenka River section is lo-
cated at the town of Pechora area, in the southern part of the
Pechora- Kozhva Uplift (N 65°04'227.4", E 56°42'50.9"”). The
Vangyr River section is located in the southern part of the
Chernyshev Uplift (N 65° 7'33.05", E 58°43'21.25""). These sec-
tions demonstrate uninterrupted D/C boundary sequences with-
out gaps and disconformities.

Methods

Conodonts and ostracodes were studied in the Devonian-
Carboniferous boundary beds in the Kamenka River and Vangyr
River sections. The processing of conodont and ostracode sam-
ples followed the standard procedure: dissolution of limestone
in 10 % buffered acetic acid. Some ostracode samples were pro-
cessed by hot acetolysis technique to disaggregate the dehydrated
limestones and release the ostracod shells [5]. The residues were
washed through a sieve of 70 um, dried, and microfossils were
picked out.

The microfauna were photographed using a scanning elec-
tron microscope Tescan Vega 3 LMH. Stereo pair of ostracode
picture was made with a 5° inclination.

Carbon isotope values were analyzed with the DELTA V
Advantage mass spectrometer equipped with the Thermo Elec-
tron Continuous Flow Interface (ConFlo III) and Element
Analyzer (Flash EA 1112). The 8!3C values are reported rela-
tive to the PDB standard. The analytical reproducibility (1c)
for 813C,,, value is £0.04 %o, and for 5'3C,, value is +0.15 %o.

Isotope analyzes were performed at the CKP Geonauka
of the Institute of Geology Komi SC UB RAS (Syktyvkar, Rus-
sia).

Results and discussion

The Devonian-Carboniferous transition in the Kamenka
River section comprises shallow-water alternation of clay and
limestones. This section described in details earlier [9] demon-
strates uninterrupted sequence from the upper part of praesul-
cata Zone through sulcata Zone composed of bioclastic lime-
stones interbedded with thin layers of dark-gray clays and cor-
responding to the lower part of the Edzhid Formation (Fig. 1).
Latest Famennian regression is marked by lagoon wavy lami-
nated clayey wacke- and packstones containing rare brachio-
pods Prospira sp., abundant and diverse benthic ostracodes, and
diverse conodont associations including Siphonodella praesul-
cata Sandberg, Siphonodella bella Kononova et Migdisova,
Siphonodella quasinuda Gagiev, Kononova et Pazuhin, Polyg-
nathus parapetus Druce, Polygnathus communis communis Bran-
son et Mehl, Hindeodus penescitulus Rexroad et Collinson,
Pseudopolygnathus graulichi Bouckaert et Groessens, Ligonodi-
na discreta (Austin et Husri) (Fig. 2). The negative shifts in
813C,,, in conodont organic matter among Polygnathus commu-
nis and Polygnathus parapetus accompanied by weak positive shift

in 83C_,,, in bulk carbonates suggest eutrophic conditions in

the lagoon environment and disbalancing of the trophic web
(Fig. 3).

The overlaying shoal and open marine wavy laminated
clayey packstones contain early Tournaisian conodonts
Siphonodella bella, Siphonodella quasinuda, Siphonodella sul-
cata (Huddle), Siphonodella semichatovae Kononova et Lipn-
jagov, Patrognathus crassus Kononova et Migdisova among
others (Fig. 2). Both the latest Famennian and earliest Tour-
naisian are characterized by specific ostracode association of
Pseudoleperditia tuberculifera — Coryellina alba — Cribro-
concha primaris ostracode Zone of the South Urals [4] or
Shivaella microphtalma — Ps. venulosa Zone of the East Eu-
ropean Platform [3] (Fig. 4). This association is known from
the Middle praesulcata — Lower duplicata conodont zones of
the East European Platform, Urals, and Franco- Belgian Ba-
sin [3, 4]. Most characteristic species of this interval are as
follows: Bairdia felimgibba Becker, B. zaninae Posner, B. ex-
tenuata Nazarova, Bairdianella cuspis Buschmina, Coryellina
alba Kotschetkova, Blessites feluyensis Tschigova, and
Pseudoleperditia tuberculifera Schneider. Acratia sp. A sensu
Casier et Lethiers, 2001 occurring in the terminal Famennian
in the section is known form the Middle — Upper praesulcata
interval of the Montagnes Noire [2].

The earliest Tournaisian transgression is marked by de-
creasing clay content in the limestones (Fig. 1). The decreasing
313C,,p value associated with positive shifts in 313C,, of con-
odont organic matter among Polygnathus communis and Polyg-
nathus parapetus mark oligotrophic and trophically balanced
conditions (Fig. 3). The Devonian- Carboniferous boundary
interval is characterized by appearance of some species of shal-
low-water siphonodellids (S.quasinuda, S. sulcata, S. semichato-
vae) and Patrognathus crassus (Figs. 1, 2). It is notable that first
appearance of Siphonodella quasinuda coincides with second
transgression pulse of the Hangenberg Event (Fig. 1). Hence it
can be roughly correlated with base of the Upper Siphonodella
praesulcata conodont Zone [1] and with the FAD of Protogna-
thodus kockeli proposing as a new level of the D/C boundary by
the joint Devonian-Carboniferous Boundary GSSP Reappraisal
Task Group.

Similar but poorer conodont associations of the D/C
boundary interval are known in the Bolshaya Usa River section
(Polar Urals), where the Late Famennian succession is com-
posed of microbial wacke- and mudstones alternating with bio-
clastic packstones, and the lowermost Tournaisian comprises
wavy laminated packstones with cherty concretions. The low-
ermost Tournaisian packstones contain conodonts Patrognathus
crassus [11].

The Devonian-Carboniferous transition in the deep-wa-
ter shelf facies has been studied in a number of Cis-Uralian sec-
tions. One of the most representative successions is outcropped
in the Vangyr River section (Tchernyshev Uplift). The D/C
boundary beds are represented by calciturbidites, pelagic car-
bonates, and shales of the Izyayu Formation.

The terminal Famennian (beds with Palmatolepis gracilis
roughly correlated with praesulcata Zone) comprises fine-
grained calciturbidites intercalating with layers of dark-gray
limy shales and clayey limestones. The black shale layers mark
transgression acmes probably corresponding to transgressive
phases of the Hangenberg Event (Fig. 1). The abundance of
calciturbidites increases upward that considered as sign of the
latest Famennian regression. The conodont associations com-
prising subautochthonous and reworked conodont elements
are mainly composed of representatives of Palmatolepis graci-
lis group. Presence of Hindeodus penescitulus Rexroad et Col-
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Fig. 1. Reference sections of the D/C boundary interval of the north of Urals. Legend: 1 — limestone, 2 — clayey limestone, 3 — calcarenite, 4 — chert, 5 — clay and argillite

Puc. 1. OnopHeble pa3pe3bl NOrPaHUYHOr 0 MHTEpPBaia IeBOHA U KapOOHa Ha ceBepe Ypasia. YCioBHbIe 0003HAYeHUSI: | — U3BECTHSIK, 2 — IIMHUCTBINA U3BECTHSIK,

3 — KajabKapeHUT, 4 — KpeMeHb, 5 — IrJIMHa U apruIIUT
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Fig. 2. Conodont associations of the Kamenka River section: a — Siphonodella bella Kononova et Migdisova, sample 121-8a/16; b — Siphonodella

bella Kononova et Migdisova, sample 121-1-5/90; ¢ — Siphonodella praesulcata S.bella transition form, sample 121-13/16; d — Siphonodella

sulcata (Huddle), sample 121a-5/10; e — Siphonodella praesulcata Sandberg, sample 121-1/96; f — Polygnathus taxophorus Cooper, sample

121-2/16; g — Pseudopolygnathus graulichi Bouckaert et Groessens, sample 121-4/16; h, i — Polygnathus communis communis Branson et

Mehl., sample 121-10/16; j — Patrognathus crassus Kononova et Migdisova, sample 121-1/96; k — Siphonodella semichatovae Kononova et
Lipnjagov, early form, sample 121-19b/16; 1 — Siphonodella semichatovae Kononova et Lipnjagov, sample 121-19/16

Puc. 2. KoHomoHTOBBIE accoLmany pa3pesa Ha p. Kamenke: a— Siphonodella bella Kononova et Migdisova, o6p. 121-8a/16; b — Siphonodella

bella Kononova et Migdisova, 06p. 121-1-5/90; ¢ — niepexonHast hopma Siphonodella praesulcata — S.bella, 06p. 121-13/16; d — Siphonodella

sulcata (Huddle), o6p. 121a-5/10; e — Siphonodella praesulcata Sandberg, o6p. 121-1/96; f — Polygnathus taxophorus Cooper, o6p. 121-2/16;

g — Pseudopolygnathus graulichi Bouckaert et Groessens, o6p. 121-4/16; h, i — Polygnathus communis communis Branson et Mehl.,

06p. 121-10/16; j — Patrognathus crassus Kononova et Migdisova, o6p. 121-1/96; k — Siphonodella semichatovae Kononova et Lipnjagov,
paHHsIst hopMma, o6p. 121-19b/16; 1 — Siphonodella semichatovae Kononova et Lipnjagov, o6p. 121-19/16

linson in association with Palmatolepis gracilis Branson et Mehl cession comprises clayey fine-grained calciturbidites, which

suggests correlation with Siphonodella praesulcata Zone, how-
ever numerous conodonts were probably reworked from Pal-
matolepis gracilis expansa Zone (Branmehla disparilis (Bran-
son et Mehl) and Palmatolepis gracilis expansa Sandberg et
Ziegler among others). The terminal Famennian ostracodes
compose diverse associations of the Turingian and slope
ecotypes (Fig. 5). The lowermost Tournaisian part of the suc-

contain Siphonodella sulcata in associations with the reworked
late Famennian conodonts. Mixed ostracode association oc-
curs as well (Fig. 5). Appearance of Armilla uralica Sobolev
marks the D/C boundary. The diversity of ostracodes decreased
at the earliest Tournaisian.
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Fig. 3. Variations of the carbon isotope composition of bulk carbonates and organic matter of conodont elementsin the Devonian/Carboniferous
boundary beds, Kamenka River section

Puc. 3. Bapyaiiuy B M130TOMTHOM COCTaBe yrjiepona KapOoOHAaTOB M OPraHMYECKOro BelleCTBA KOHOIOHTOBBIX 2JIEMEHTOB B MOTpaHUYHBIX
CJI0sIX IeBOHA U KapOoHa, pa3pe3 Ha p. KameHke

Conclusions

The Hangenberg black-shale event corresponding to the
transgression pulses at the Siphonodella praesulcata Zone are
known just in the deep-water shelf facies. The traces of trans-
gression-regression couplets in the carbonate platform and ep-
icratonic facies mark the event interval. The regressions at the
latest Famennian and earliest Tournaisian caused erosion and
forming of discontinuity in some shallow-water sequences.
These regressions led to developing of calciturbidites in the deep-
water shelf and bathyal environments as well. Siphonodella sul-
cata and Armilla uralica in the deep-water facies are document-
ed just from the calciturbidites, so the D/C boundary cant be
precisely biostratigraphically determined. Pelagic deposits in the
boundary interval are barren as a rule [6, 7]. Exceptional pres-
ervation of the D/C boundary interval in the Kamenka River
section (eastern Pechora Plate) demonstrates very gradual
changes in conodonts and ostracodes in the shallow-water en-
vironment.
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Fig. 4. Ostracode associations of the Kamenka River section: a, b — Pseudoleperditia tuberculifera Schneider, 1956, sample 121-1/16:
a — Ne333/37-51, lateral view of right valve; b — Ne333/34-28, stereo-pair of carapace in dorsal view; ¢, d — Coryellina alba Kotschetkova,
1987, sample 121-18A/16: ¢ — Ne333/39-19, carapace in left lateral view; d — No333/39-18, carapace in posterior view; e—g — Blessites
Seluyensis Tschigova, 1977: e — Ne333/37-44, carapace in left lateral view, sample 121-1/16; f — No333/37-45, carapace in dorsal view, sample
121-1/16; g — Ne337/6-21, carapace in ventral view, sample 121-1-10; h — Bairdiacypris ex gr. cylindrica (Samoylova et Smirnova, 1960),
Ne333/39-26, carapace in right lateral view, sample 121-19A/16; i, j — Bairdianella cuspis Buschmina, 1970: i — Ne333/39-16, carapace in
right lateral view, sample 121-17/16; j — Noe333/38-39, carapace in dorsal view, sample 121-6/16; k—m — Glyptopleura ex gr. plicata (J. et K.,
1867), sample 121-1-10: k — Ne333/35-18, juvenile left valve in lateral view; I — Ne333/35-21, carapace in left lateral view; m — Noe333/35-20,
juvenile in dorsal view; n, 0 — Bairdia extenuata Nazarova, 1951: n — Ne333/36-13, carapace in right lateral view, sample 121-5/16; 0 — Noe333/
39-4, carapace in dorsal view, sample 121-16/16; p — Bairdia felimgibba Becker, 1982, No333/36-12, carapace in left lateral view, sample 121-
2/16; q, r — Bairdia zaninae Posner, 1979: ¢ — Ne333/38-31, carapace in right lateral view, sample 121-6/16; r — Ne333/38-32, carapace in
dorsal view, sample 121-6/16; s, t — Pustulobairdia ex gr. confragosa (Samoilova & Smirnova 1960), sample 121-1-10: s — Ne335/7-11,
carapace in right lateral view; t — Ne335/7-12, carapace in dorsal view; u, v — Acratia sp. A sensu Casier & Lethiers, 2001: u — Ne333/36-14,
carapace in right lateral view, sample 121-5/16; v — Ne333/39-12, carapace in anterior view, sample 121-17/16

Puc. 4. OctpakomoBble accouyanuu paspe3a Ha p. Kamenke: a, b — Pseudoleperditia tuberculifera Schneider, 1956, o6p. 121-1/16:
a— Ne333/37-51, Bun cboky npaBoii ctBopku; b — Ne333/34-28, crepeonapa pakoBUHbBI, BUI cBepXy; ¢, d — Coryellina alba Kotschetkova,
1987, o6p. 121-18A/16: ¢ — Ne333/39-19, Bua pakoBuHBI cieBa c60Ky; d — Ne333/39-18, Bun pakoBuHBI c3anu; e—g — Blessites feluyensis
Tschigova, 1977: e — Noe333/37-44, Buj pakoBMHBI clieBa cOOKy, o0p. 121-1/16; f — Ne333/37-45, pakoBuHa, Bua CBepxy, oop. 121-1/16;
g — No337/6-21, pakoBuHa, BUj CHU3Y, 00p. 121-1-10; h — Bairdiacypris ex gr. cylindrica (Samoylova et Smirnova, 1960), Ne333/39-26, Bun
pPaKOBHHBI crpaBa cOoky, 06p. 121-19A/16; i, j — Bairdianella cuspis Buschmina, 1970: i — Ne333/39-16, Bun pakoBUHBI CripaBa COOKY,
00p. 121-17/16; j — Ne333/38-39, Bua pakoBUHBI cBepxy, 00p. 121-6/16; k—m — Glyptopleura ex gr. plicata (J. et K., 1867), o6p. 121-1-10:
k — No333/35-18, roBeHwWIbHASI JieBasi CTBOpPKA, BUI cOoKy; | — Ne333/35-21, Bua pakoBUHBI ciieBa cOoKy; m — Ne333/35-20, oBeHWIbHAs
dopma, Bua cBepxy; n, 0 — Bairdia extenuata Nazarova, 1951: n — Ne333/36-13, Bun pakoBHHBI cripaBa cO0Ky, oop. 121-5/16; 0 — Ne333/39-
4, BUI paKOBUHBI CBepXy, 00p. 121-16/16; p — Bairdia felimgibba Becker, 1982, No333/36-12, Bum pakoBMHBI ciieBa cOOKyY, obp. 121-2/16;
q, r — Bairdia zaninae Posner, 1979: ¢ — Ne333/38-31, Bun pakoBUHBI cripaBa cboky, 0op. 121-6/16; r — Ne333/38-32, BuI pakOBUHBI CBEPXY,
00p. 121-6/16; s, t — Pustulobairdia ex gr. confragosa (Samoilova & Smirnova 1960), 06p. 121-1-10: s — Ne335/7-11, BuI pakOBMHBI ClipaBa
cooky; t — Ne335/7-12, Bun pakOBUHBI CBepXy; U,V — Acratia sp. A sensu Casier & Lethiers, 2001: u — Ne333/36-14, Bus pakOBUHBI CITpaBa
cboKy, 00p. 121-5/16; v — Ne333/39-12, Bua pakoBUHBI criepenu, oop. 121-17/16
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Fig. 5. Ostracode associations of the Vangyr River section; Upper Famennian (a—e), Famennian-Tournaisian (f—j), Tournaisian (k—n):
a — Ceratacratia cerata Blumenstengel, 1965, Ne 333/20-5, internal view of right valve, sample w22-z8; b — Absina (Absina) ventrorostrata
Grundel, 1962, Ne 333/20-6, internal view of right valve, sample w22-z8; ¢ — Rectoplacera neoelongatata Blumenstengel, 1979, Ne 333/20-3,
lateral view of right valve, sample w22-z8; d — Cornigella ? verrucosus Sobolev, 2014, Ne 333/20-40, lateral view of left valve, sample w22-z3;
e — Mennerites famenica Sobolev, 2014, Ne 333/50-5, lateral view of righ valve, sample w22-4; f — Timorhealdia nitidula praenitidula
(Blumenstengel, 1979), Ne 333/20-2, lateral view of left valve, sample w22-z8; g — Armilla decorata Sobolev, 1997, Ne 333/21-10, lateral view
of left valve, sample w22-z1; h — Corrugobythere longa Sobolev, 1998, Ne 333/21-65, lateral view of right valve, sample w22-5; i — Bairdia
Sfelimgibba Becker, 1982, No 333/20-46, lateral view of left valve, sample w22-z3; j — Bairdiacypris ex gr. cylindrica (Samoylova et Smirnova,
1960), Ne 333/21-39, carapace in right lateral view, sample w22-4; k — Calcarofera calcarata Schornikov, 1993, Ne 333/21-112, lateral view of
right valve, sample w22-10; 1 — Armilla uralica Sobolev, 1994, Ne 333/21-67, lateral view of right valve, sample w22-6; m — Strumibythere
simplex Sobolev, 2017, Ne 333/21-117, lateral view of right valve, sample w22-10; n — Compositocostata cumina Sobolev, 2017, Ne 333/21-113,
lateral view of left valve, sample w22-10

Puc. 5. OcrpakonoBblie accoliMaliviv pa3pe3a Ha p. BaHrbip; BepxHuii dameH (a—e), pamen-typHe (f—j), typHe (k—n): a — Ceratacratia
cerata Blumenstengel, 1965, Ne 333/20-5, BHyTpeHHMI1 BUI MPaBoii CTBOPKU, 00p. W22-z8; b — Absina (Absina) ventrorostrata Grundel,
1962, Ne 333/20-6, BHyTpeHHUIA BUJ PaBoOii CTBOPKM, 00p. W22-28; ¢ — Rectoplacera neoelongatata Blumenstengel, 1979, Ne 333/20-3, Bun
cOOKY TpaBoii cTBOpKH, 00p. w22-28; d — Cornigella ? verrucosus Sobolev, 2014, Ne 333/20-40, Bua cOOKy JieBOli CTBOpPKU, 00p. w22-z3;
e — Mennerites famenica Sobolev, 2014, No 333/50-5, Bun cO0OKy npaBoii CTBOpKU, 00p. w22-4; f — Timorhealdia nitidula praenitidula
(Blumenstengel, 1979), Ne 333/20-2, Bua cO0Ky JiIeBOi CTBOPKU, 00p. W22-z28; g — Armilla decorata Sobolev, 1997, Ne 333/21-10, Bua cOoky
JIeBOIi CTBOpKU, 00p. W22-z1; h — Corrugobythere longa Sobolev, 1998, Ne 333/21-65, Bua cOOKyY MpaBoii CTBOPKH, 00p. W22-5; i — Bairdia
Sfelimgibba Becker, 1982, Ne 333/20-46, Bua cOOKY JieBOii CTBOPKU, 00p. W22-z3; j — Bairdiacypris ex gr. cylindrica (Samoylova et Smirnova,
1960), Ne 333/21-39, Bua pakoBMHBI cripaBa cOOKy, 00p. w22-4; k — Calcarofera calcarata Schornikov, 1993, Ne 333/21-112, Bux cGoKy
NpaBoii cTBOpKU, 00p. W22-10; 1 — Armilla uralica Sobolev, 1994, Ne 333/21-67, Bua cOOKy npaBoii CTBOPKH, 00p. W22-6; m — Strumibythere
simplex Sobolev, 2017, Ne 333/21-117, Bun cOOKy IpaBoii cTBOpKH, 06p. w22-10; n — Compositocostata cumina Sobolev, 2017, Ne 333/21-113,
BMJI COOKY JIEBOI CTBOPKU, 00p. w22-10
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PALYNOLOGICAL CHARACTERISTICS OF GIVETIAN-FRASNIAN STRATIGRAPHIC INTERVAL
ON THE SOUTHERN AND MIDDLE TIMAN

O. P. Tel’nova, I. Kh. Shumilov

Institute of Geology FRC Komi SC UB RAS, Syktyvkar
telnova@geo.komisc.ru, shumilov@geo.komisc.ru

The relevance of detailed studying Givetian-Frasnian sedimentation is defined by a proceeding discussion about a level of
the lower Frasnian Stage bound (according to border of Middle and Upper Devonian) in the Eastern European platform. New
results of investigation in a boundary between Middle and Late Devonian within the Southern and Middle Timan presented.
There are a correlation between even-aged palynocomplexes in adjacent territories; determination of the new palynozone,
which details Lower Frasnian sedimentation; establishment of higher plants spores associations features formed in continental,

coastal and sea facies.

Keywords: biostratigraphy, higher plants spores, the Southern and Middle Timan, boundary sediments of Upper and

Middle Devonian.

ANHHONOHYECKAA XAPAKTEPHCTHNA WBETCKO-OPAHCKOO CTPATHTPAMUYECKOTO MHTEPBANA
HA HOKHOM W CPE[HEM THMAHE

O. I1. Teannona, 1. X. Illymunon

HWuctutyt reonorun @UIL Komur HII YpO PAH, CeIKThIBKap

AKTYaJIbHOCTb OETaNlbHOr0 U3y4eHUs1 XMBETCKO-hPaHCKOro 0CaaKOHaKOMIeHUst onpeaensieTca Npoao/keHNeM OMCKyC-
Ccun 06 YPOBHE HUXHEN rpaHnLpbl GPaHCKOro apyca (COOTBETCTBEHHO rpaHuLbl CPeaHEro U BEPXHEro AeBOoHa) Ha TeppUTopmmn
BocTo4Ho-EBponeickoit nnatdopmsbl. NpeacTaBnieHbl HOBbIE PE3y/bTaTbl U3y4eHUs NOrPaHMYHOrO CPeaHEen03aHeAeBOHCKOr0
BPEMEHHOro nHTepeana B npegenax KOxHoro n CpegHero TuMaHa: CKOppenpoBaHbl OAHOBO3PACTHbIE MaSIMHOKOMIIEKChI
CMEXHbIX TEPPUTOPUIA, YCTAHOBMIEHA HOBAsA MasIMHO30HA, AeTanM3npyioLllas paHHedpaHCKniA aTan 0caaKoHaKoMIeHUs ; ycta-
HOBJIEHbI 0COBEHHOCTU accoumaLmii CNop BbICLLMX PacTeHUn, GOPMMPOBABLUNXCS B KOHTUHEHTaIbHbIX U MPUOPEXHO-MOPCKNX

daumnax.

KnioueBble cnoBa: 6roctparurpadus, BbiCLLINE PACTUTENIbHbIE Cropbl, KOXHbI n CpeaHwii TumaH, norpaHnYyHble OTJ10-

XEeHWs BepxHero v cpegHero AeBoHa.

Introduction

According to the recommendation of the International
Commission on stratigraphy (Subcommission on Devonian
stratigraphy) the boundary of Middle and Upper Devonian is
drawn in the Lower subzone of the Mesotaxis falsiovalis con-
odont zone [11, 12]. This level is significantly above a traditional
border on the Russian Platform. The Givetian Stage corresponds
to the Starooskol substage (Vorobiev, Ardatov and Mullin hori-
zons) on the unified stratigraphic scheme of the Russian Plat-
form. Following the modern trends, the Pashiy Horizon was in-
cluded in Givetian Stage in the interregional stratigraphy scheme
of the Devonian deposits of Russia [11]. However, boundary
positions of regional divisions are not defined precisely.

The higher plants spores regional scheme developed [6]
within an uniform standard for micro- and macrofossils (by the
first appearance of a taxon in a geological section) in the Timan
— Northern Urals region. Previously [1] palynozones were al-
located on different signs, generally on the maximum quantity
of a taxon in palynocomplex (acme zone).

The presence of the same species-indices characterizing dif-
ferent age palynozones (Acanthotriletes bucerus Tchib., Archaeo-
perisaccus ovalis Naumova, Tholisporites variabilis (Naumova)
Oshurk. var. insignis Sennova, Calyptosporites bellus (Naumova)
Oshurk.) in both schemes is explained by the difference in the
methodical approach of palynozone isolation. The allocation of
palynozones by the maximum development of a taxon or its dis-
appearance in the palynocomplex (PC) does not reflect evolu-
tionary trends in the plant biocomplex development. It only fixes
adaptation of plants to the certain facies-climatic conditions.

The analysis of even-aged palynocomplexes structure of dif-
ferent facies in the Southern and Middle Timan sediments illus-
trates facial confinedness of some spore taxons sets (tab. 1). How-
ever, implementation of the different methodological techniques
(correlations between the palynological zones of coastal and sea
facies and paleontological ones, the analysis of the complete tax-
onomical palynospectrum (PS), percentage of taxons, etc.) al-
lowed to detail the stratigraphical partition of geological sections,
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Table 1. Stratigraphic ranking of the most important spores taxa studied
in the Givetian-Frasnian sediments of the Middle and Southern Timan
Tabauya 1. Crparurpaguyeckoe paH:KMpPOBaHUE HanOOJIee BAXKHBIX TAKCOHOB CIOP,
U3YYEHHBIX B JKUBETCKO-(paHcKux oTjao0xeHussx HA Cpeanem u IO0xunom Tumane
Formations Spore taxa
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to allocate a new palynozone and to carry out regional and inter-
regional correlations. It established that the bottom of Ust- Yare-
ga Formation is characterized by a palynozone of Cristatisporites
pseudodeliqucsens-Archaeoperisaccus ovalis, and the top — by Cris-
tatisporites deliqucsens (tab. 2).

Taking into account the new data about the higher plant
spores in the Northern Timan Urals region, authors explore
variants of phytostratigraphic boundary level that would be the
closest to the modern level of the discussed border.

The history of studies of the regional stratigraphic bound-
ary is not covered in this article as it already has been repeatedly
described in other publications [2, 3, 6, 8].

Palynostratigraphy and paleoreconstructions

Russian palynologists traditionally correlated Pashiy-Sar-
gaevo stratigraphic interval with optivuskrestovnikovii palyno-
zone (tab. 2) [1]. Its lower bound approximately corresponds to
the base of the hermanni-cristatus conodonta zone.

In the Timan — Northern Urals region the optivus-kre-
stovnikovii zone expands on the Yaransk, Dzher, Timan, Sar-
gaevo horizons [2]. O. P. Telnova [6] allocated regional palyno-
zones in the stratigraphic volume of this zone on the Southern
Timan and called with names of the first time encountered
spores (tab. 2). This scheme has been corrected and expanded

with analysis results of the PS from the Middle Timan geologi-
cal sections [7].

The Middle Timan PC correlate well with ones in strato-
type sections in the Southern Timan (stratotypes of Timan and
Ust-Yarega Formations), in the Pechora Sineclise (the Dzher
Horizon), in more remote sections on the Chernyshev’s Ridge
and in the Main Devonian Field.

The general trend in a change of taxonomical structure
of PS is observed in the Givetian- Frasnian stratigraphic inter-
val in the compared territories. Spores of a genus Geminospora
dominate in all PS (producers — Archeopteris plants, Archae-
opteridales order). In the Devonian time only Archeopteris got
a wooden habitus. Well-developed root system allowed them
to grow on high landscape sites, all other plants tied to water
basins. Thus, Archeopteris avoided fierce competition and
quickly created a dominating group of plants in the Middle
and Upper Devonian floristic communities. Cosmopolitan
distribution and wide age range make spores of these plants
inert for the stratigraphic constructions. Therefore, the em-
phasis is placed on spores of subdominant groups in the anal-
ysis of PS.

Five PC were established in Valsa, Tsilma, Ust-Chirka, Ust-
Yarega and Kraypole Formations on the Middle Timan (tab. 2).
On the Southern Timan in Valsa PSs as well as in the Upper
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Table 2. The chart of comparison palinozone opftivus-krestovnikovii of the East-European Platform
Tabauya 2. Cxema conoctaBjieHusi NATMHO30HbI optivus-krestovnikovii na Bocrouno- EBponeiickoii mwiatdopme
East European Platform . . .
(after Avkhimovitch et al., 1993) Southern Timan Middle Timan

Subzone Zone Palynozone Formation Formation

A. ovalis —
S. bellus Dominant phytoplankon

V. grumosus Domanik Kraipol’e
G. semilucensis — P. donensis G. semilucensis — P. donensis

|
C. deliqucsens
A. bucerus — c dodeli A i Ust’-Yarega Ust’-Yarega
o . pseudodeliqucsens — A. ovalis
A. variabilis P d

insignis . D. sorokinii Ust’-Chirka

C. optivus — - - Ti

S. krestovnikovii P. vermiculatus — C. domanicus iman _
- Tsil’'ma
- C. bellus — D. meyeriae
A. incise —
G. micromanifesta A. bucerus — A. variabilis insignis Southern Timan Valsa
A. accretes

Chibj Formation small (20—40 p) spores with small-spicular
sculpture of exine (Acanthotriletes bucerus, A. eximius Naumo-
va, A. similis Naumova et al.) formed the subdominant group.
The spores and pollen size reduction and the small-spicular
sculpture of the recent spores connected with deterioration in
facies-climatic conditions of their producers growth [4]. It is
possible to assume by analogy that increase in quantity and va-
riety of spores of the Acanthotriletes group could indicate some
aridization and, perhaps, a small cold snap in this period. In
this time tectonic and volcanic activity increased in the all Ti-
man territory.

The increase in numbers (up to 25 %) and diversity of
spores in PCs of Tsilma, Ust-Yarega, Krypole Formations on
the Middle Timan and Timan, Ust-Yarega Formations on the
South Timan with a wide thin zone (Calyptosporites, Densos-
porites, Hymenozonotriletes, etc.) may indicate a climatic trend
towards humidity. Producers of the spores were ferric and plac-
id plants [6]. It correlates with the regional manifestation of the
Frasne event (global transgression) recorded in many regions
of the world.

Taxonomic composition of PC from sections of the Mid-
dle Timan differs from such on the Southern Timan by per-
centage content, absence of some taxa, including index spe-
cies (Perotrilites vermiculatus Med.) and by different strati-
graphic range in rare cases. For example, spores Archaeozo-
notriletes variabilis, A. variabilis var. insignis were listed as
dominant and guiding species for the Sargaevo Horizon for
the long time [1, 2]. Later, different compositions of PC were
established in different areas of the Timan in deposits of Sar-
gaevo age [2, 6]. These forms are rare and sometimes absent
in the Ust-Yarega Formation of the Sargaevo Horizon in the
Tsilma River basin.

Minor differences in taxonomic composition of PCs from
single-age deposits of the Middle and the Southern Timan are
explained by landscape-facial conditions of their producers
growth. The constant lowering of the Southern Timan territo-
ry was the cause of constant watercourses and various water
areas facies of warm humid climate. The Middle Timan slow
dive and some elevation of this territory led to the spread of

periodically changing facies from drier to wetter and vice ver-
sa. The lithological analysis results show a high sedimental
variability of most formations on the Middle Timan both in
section and in extension, which is typical of alluvial coastal
plains.

For the first time the appearance of taxa spores Cris-
tatisporites pseudodeliquescens Telnova et Marshall, Archaeo-
perisaccus ovalis Naumova was traced in the sections of the Ust-
Yarega Formation of the Southern Timan. The palynozone Cris-
tatisporites pseudodeliquescens [6] was established here. Later,
the simultaneous appearance of these taxa was traced at the sin-
gle-age stratigraphic level in outcrops of the Darshor Creek on
the Chernyshev Ridge on the Middle Timan [5, 7]. This allows
adding the binary name of palynozone C. pseudodeliquescens —
A. ovalis to the regional spore scheme (tab. 2).

Stratigraphic sequence of appearance of taxa Cristatisporites
pseudodeliquescens and Cristatisporites deliquescens (Naumova)
Arkh. is traced in the sections of Ust-Jarega Formation on the
Middle Timan. The C. deliquescens spores in stratigraphically
complete and more shallow-water sections on the Middle Ti-
man are highlighted as index species of miosporous sub-com-
plex B of the Cristatisporites pseudodeliquescens zone [7].

In addition, a simultaneous appearance of spores Cris-
tatisporites deliquescens and conodonts Ancyrodella rotundilo-
ba soluta Sandb. Ziegl. et Bult recorded in section of shallow
water-shelf facies in outcrops of the Shera Creek on the Je-
jimparma Plato of the Southern Timan (Telnova, Soboleva,
Soboleyv, in print). The same association of miospores and
conodonts was explored in the upper part of the Kedzydshor
Formation in outcrops of the Dershor Creek (Chernyshev
Ridge) [5, 10].

Conclusion

Thus, the stratigraphic sequence of appearance of taxa
Cristatisporites pseudodeliquescens and Cristatisporites deliquescens
and an association of conodonts Ancyrodella rotundiloba soluta
and the spore Cristatisporites deliquescens found in different ar-
eas of the Timan-North Ural region. It allows to identify a new
regional spore zone Cristatisporites deliquescens (tab. 2). In the
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regional Devonian palynostratigraphic zonality scheme [6] the
new zone occupies a level between the palynozones C. pseudodel-
iquescens and G. semilucensis — P. donensis.

By the present moment, only one stratigraphic level has
been correlated on spores and conodonts (orthostratigraphic
group of fauna) and it is much higher than the modern bound-
ary of the Middle — Late Devonian. Because of this only phy-
tostratigraphic boundaries can be characterized with spores.

Analysis of taxonomic composition of PCs from border
deposits shows that the most significant changes occur in the
third PC (palynozonne Densosporites sorokinii) of the Timan
Formation on the Southern Timan and in the Ust-Chirka
Formation on Middle Timan [7]. In these PCs the taxonom-
ic composition updates on the species and generic levels.
Spores of Archeopteris plants (Contagisporites optivus, Gemi-
nospora rugosa, G. notata, G. micromanifesta, etc.) are the main

—_— =

(up to 50 %) dominant group still. Spores with film perispores
(Calyptosporites, Cristatisporites, Hymenozonotriletes, Densos-
porites, etc.) becomes a subdominant group (up to 16 %),
which are among the dominant genera higher in section. This
level can be considered as a phytostratigraphic frontier. It is
a bit lower than Givetian — Frasnian boundary marked by
conodonts. Apparently, the trigger for significant changes in
both plant and marine communities was the eustatic Frasne
event. This event is characterized by the beginning of global
transgression and is timed to the foundation of the Early fal-
siovalis conodont zone [13]. Regional responses of continen-
tal and marine biota components to environmental changes
may occur at different rates. Plant biota proved to be more
sensitive and responded to climate change almost immedi-
ately. In this case, the biotic event almost coincides with the
abiotic event.

- S
T — B aediftc
= S
. 12 i

16 17

[ SN BN

The most important taxa of spores studied in the Givetian-Frasnian sediments of the Middle and Southern Timan
Hanbosee BaxkHbIe TAKCOHDBI CHIOP U3 XKMBETCKO-(paHCKuX oTyioKeHuii Ha Cpeanem u IOxnom Tumane
1 — Contagisporites optivus (Tchib.) Owens, sample 305-1; 2 — Geminospora micromanifesta (Naumova) Owens, sample 317-1; 3 — Geminospo-
ra notata (Naumova) Obukh., sample 150-1; 4 — Tholisporites variabilis (Naumova) Oshurk., sample 193-2; 5 — Tholisporites variabilis (Nau-
mova) Oshurk. var. insignis Sen., sample 150-2; 6 — Archaeozonotriletes accretus Tchib., sample P2-3; 7 — Calyptosporites bellus (Naumova)
Oshurk., sample 417-2; 8 — Calyptosporites domanicus (Naumova) Oshurk., sample p2-1; 9 — Calyptosporites krestovnikovii (Naumova) Oshurk.,
sample 193-1; 10 — Densosporites sorokinii Obukh., sample 127-1; 11 — Cristatisporites pseudodeliquescens Telnova et Marshall, sample 127-1;
12 — Cristatisporites deliquescens (Naumova) Arkh., sample 127-1; 13 — Ancyrospora furcula Owens, sample 127-2; 14 — Archaeoperisaccus
verrucosus Pashk., sample 317-1;.15 — Acanthotriletes bucerus Tchib., sample 193-1; 16 — Acanthotriletes eximius Naumova, sample 315-1;
17 — Archaeoperisaccus ovalis Naumova, sample 315-1.
The numbers of spore preparations correspond to the numbers of the samples [8]. Scale bar 10 um
HomMepa nasiiHomornyeckux npenapaToB COOTBETCTBYIOT HOMepaM 00pa3iios [8]. nrHa maciuTabHol JuHeiiku 10 um
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GONODONTS AND OSTRACODES FROM THE GIVETIAN-FRASNIAN SHALLOW-WATER DEPOSITS
OF THE SOUTHERN TIMAN

M. A. Soboleva, D. B. Sobolev

Institute of Geology FRC Komi SC UB RAS, Syktyvkar
matusha.§88@mail.ru, dbsobolev@rambler.ru

Conodont and ostracode distribution in the Timan (Middle — Upper Devonian, Upper Givetian — Lower Frasnian), Ust’-
Yarega (Upper Devonian, Lower Frasnian) and Yba (Middle? — Upper Devonian, Upper Givetian? — Lower Frasnian) formations
of Southern Timan was analyzed. The regional and interregional correlation of the established associations was conducted.
The significant changes in conodont and ostracode associations are observed almost at the base of the Ust’-Yarega Forma-
tion, and they are associated with a gradual increase in the depth of the paleobasin. The conodonts of Ancyrodella rugosa and
Mesotaxis asymmetricus appearing at this level characterize the Ancyrodella rugosa conodont Zone. The ostracodes of the
Ust’-Yarega Formation are represented by the assemblage of the Cavellina chvorostanensis — Entomozoe (R.) scabrosa Zone.
The significant changes in the conodont associations of the Yba Formation reflect an important sequence of appearance of the
index-species: Mesotaxis falsiovalis, Ancyrodella rotundiloba soluta, Ancyrodella rotundiloba rotundiloba. The Ancyrodella soluta
conodont Zone provide a reliable correlation of the sections of the Timan-North Urals Region and are essential for resolving the
issue of the lower boundary of the Frasnian stage of the Upper Devonian in the East European Platform.

Keywords: conodonts, ostracodes, biostratigraphy, correlation, Southern Timan, Givetian-Frasnian boundary interval.

KOHOJIOHTHI W OCTPAKO[bI H3 MENNOBONHbIX KMBETCKO-DPAHCKMX OTAOMEHHM HXHOIO THMAHA

M. A. Cobonesa, /I. B. Cobonen
Huctutyt reonorun @UIL Kovur HII YpO PAH, CeiKkThIBKap

lMpoBeneH aHann3 pacnpocTpaHeHNs KOHOAOHTOB WU OCTPakOoA, B paspe3ax TMMaHCKOM (CpeaHNn — BEPXHUI OEBOH, BEPX-
HUI XNBET — HUXHUIN PpaH), YCTb-APErckom (BepXHUin [EBOH, HUXHUI dpaH) 1 biIGCKOo (CpeaHNin? — BEPXHNI AEBOH, BEPXHUN
XUBET? — HUXHUIM ppaH) cBuT KOxHOro Tumana. OcyLlecTBNeHbl PErmoHanibHas 1 MexXpernoHanbHas KOppensaumm yCcTaHOB-
JIEHHbIX KOMMIEKCOB. 3aMETHbIE U3MEHEHUNSI B KOHOOOHTOBLIX M OCTPaKOA0BbIX KOMMJIEKCAX OTMEYaI0TCS NMPaKTUYeCKM C OCHO-
BaHMWS YCTb-SIPErCKO CBUTbI U CBSI3aHbl C MOCTEMNEHHbIM YBEANYEHNEM FyOMHbI MOPCKOro 6acceiHa. Ha aTomM ypoBHe nosiBnsi-
I0TCS1 KOHOOOHThI Ancyrodella rugosa n Mesotaxis asymmetricus, KOTopble xapakTepuayioT 30Hy Ancyrodella rugosa. OcTpa-
KOAbl YCTb-SAPErCKON CBUTHLI NpeacTaBfieHbl KOMMekCcoM 30Hbl Cavellina chvorostanensis — Entomozoe (R.) scabrosa. B 10 xe
BPeMsi 3aMeTHble UBMEHEHUS B KOHOLOOHTOBbIX KOMMJIeKcax bIOCKON CBMUTLI OTpadKatoT BaXKHYIO NocnenoBaTelbHOCTb MosiBie-
HUA 30HANbHbLIX BUAOB: Mesotaxis falsiovalis, Ancyrodella rotundiloba soluta, Ancyrodella rotundiloba rotundiloba. KoHOOOHTO-
Bas 30Ha Ancyrodella soluta obecne4ymnBaeT HaAeXHY0 Koppenauuto paspe3oB TuMaHo-CeBepoypasibCKOro pernoHa u UMeeTt
CYyLLLEeCTBEHHOE 3Ha4YeHue [J1s1 paspeLLeHmst BOMpoca O HUXHEN rpaHuLie ppaHCKoro sipyca BEPXHEro AeBoHa Ha TeppuUTopumn
BocTtoyHo-EBponenckorn nnatdopmsbl.

KnioueBble cnoBa: KOHOAOHTLI, OCTPakoakl, buocTpaturpadus, koppensaums, OxHbIvi TumaH, XUBETCKO-ppaHCKui Mno-
rpaHWYHbIN MHTepBarl.

The problem of biostratigraphic subdivision and correla- mation, and the highest position coincides with the base of the
tion of the Givetian and Frasnian stages (i. e. the Middle and Ust’-Yarega Formation or the upper part of the Kedzydshor
Upper Devonian) in the north-east of European Russia has been Formation [2, 25], characterized by the late forms of the con-
considered in many publications. Despite repeated discussion odonts Ancyrodella rotundiloba (Bryant). In addition, in sections
of this problem [7, 9, 17, 25], it remains unresolved and rele- of the Timan-Pechora Province (TPP), it is proposed to draw
vant. There are different points of view regarding the position the boundary at the base or inside the Timan Formation [8—9,
of the lower boundary of the Frasnian Stage in various regions. 11, 17], which is approximately correlated with the Kedzyd-
Several authors proposed to draw this boundary in the Timan- shor Formation of the western slope of the Urals and the
North Urals Region [8—9, 11, 17, 25]. The lowest position of Chernyshev Ridge. The options proposed by different authors
the boundary roughly coincides with the base of the Pashy For- for the regional level of the base of the Frasnian Stage do not
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meet the recommendations of the International Subcommis-
sion on the Devonian Stratigraphy System (SDS) [27].

In accordance with the decision of SDS and the Interna-
tional Stratigraphic Commission, the position of the boundary
between the Middle and Upper Devonian is assumed to be at
the base of the lower subzone of the Polygnathus asymmetricus
conodont Zone by the first appearance of the late forms of An-
cyrodella rotundiloba [27]. This is very important level in the
evolution of conodonts. Here, for the first time, most species of
the genus Ancyrodella and Mesotaxis, which are widespread in
the Lower Frasnian of Upper Devonian, appear.

In the modern conodont zonation (Fig. 1), the boundary
between the Givetian and Frasnian stages is drawn inside the lower
subzone of the Mesotaxis falsiovalis conodont Zone marked by
the first appearance of Ancyrodella rotundiloba |20, 28]. This ear-
ly form stands out as a separate subspecies — Ancyrodella rotundi-
loba pristina Khalymbadzha et Chernysheva, which is zonal tax-
on in the Tafilalt (Southern Morocco) conodont zonation [1]
and in the new scheme of the conodont zonation [3].

In addition to biostratigraphic markers of the boundary
between the Givetian and Frasnian stages, there are lithologi-
cal markers, reflecting eustatic fluctuations. As a result of a sig-
nificant sea level rise (the Frasne Event), fundamental changes
in the composition of the marine biota occurred. Perhaps the
Frasne Event occurred in several stages [26]. O. Wallizer [26]
considered that the main biological event coincides with the
geological event, i.e. the level of the lower subzone of Mesotax-

is falsiovalis conodont Zone (below the base of the Frasnian
stage) is correlated with the beginning of transgression of the
marine basin.

Conodont zonation is widely used for biostratigraphic sub-
division and correlation of the Givetian and Frasnian deposits.
However, the absence of zonal taxa of conodonts in many areas
of the Timan-North Urals Region because of their facies de-
pendence complicates biostratigraphy. Therefore, we analyzed
the distribution of conodonts and ostracodes in the Givetian-
Frasnian shallow-water deposits of the Southern Timan. Here
are the stratotype sections of the Timan and Ust’-Yarega for-
mations, where the lower boundary of the Frasnian stage of the
Upper Devonian was traditionally considered. The section of
the Yba Formation is lithologically the closest to the predomi-
nantly carbonate stratotype Col du Puech de la Suque section
in Montagne Noir (Southern France) [27]. This section, in our
opinion, is the most promising to confirm the level of the poor-
ly defined boundary between the Givetian and Frasnian stages
in the East European Platform.

Material and methods

We analyze the distribution of conodonts and ostracodes in
the Givetian-Frasnian shallow-water deposits of the Southern
Timan (Fig. 2, A), as in this region there are stratotypes of a num-
ber of local and regional subdivisions of the Middle and Upper
Devonian. A significant part of the sections is located in the Ukhta
Region of the Komi Republic. This region is related to the north-
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Fig. 1. Middle to Upper Devonian correlation of conodont and ostracode zones compared to the distribution of the ostracodes, which are
widespread in the Timan-North Urals Region, according to our data and literature data

Puc. 1. Koppensiusi KOHOTOHTOBBIX I OCTPAKOLOBBIX 30H CPEIHET0 U BEPXHETro IEBOHA C paclpeeIeHUeM OCTPaKo/l, LIMPOKO PacipocT-
paHeHHbIX B TuMaHo-CeBepoypabcKOM peruoHe (Hallu 1 JIMTepaTypHble JaHHbIE)
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Fig. 2. A — location of the studied area on the tectonic scheme of the Timan-Pechora Province (after [4] with simplifications); B — locality
map of the Givetian-Frasnian Shera Creek section; C — locality map of the Givetian-Frasnian Ukhta River section (outcrops 18, 13, 14, 16)
and 1-Balneological Borehole (1-B)

Puc. 2. A — mecTo paifoHa ucciaenoBaHUil Ha TeKToHUYecKoil cxeme Tumano-Ileyopckoii mpoBuHLMU (1O [4] C yIPOILEHUSIMU);
B — pacrnionoxeHue xXuBeTcko-ppaHCcKUX oTyioxkeHuii Ha pyd. [llepa; C — pacrnoyioxeHue KUBETCKO-(PpaHCKMX OTJIOXEHUI Ha p. YXTe
(obHaxenus 18, 13, 14, 16) u ckB. 1-banbHeonormnyeckoii (1-B)

eastern limb of the Ukhta anticline located in the north of the
Ukhta-Izhma Uplift. The Ukhta River (the tributary of the Izh-
ma River) section and 1-Balneological Borehole demonstrate
fairly complete stratigraphic sequence. They are represented by
shallow-water clayey and clay-carbonate deposits of the Timan
and Ust’-Yarega formations. The 1-Balneological Borehole was
drilled in south-western outskirts of the Ukhta City (Fig. 2, C).
The predominantly carbonate Yba Formation of the Shera Creek
Section is located to the south of the Ukhta Region sections. This
section was cropper out on the left bank of the Shera Creek, up-
stream of the Sherael” Quarry located in the Ust- Kulom Region
of the Komi Republic (Fig. 2, B). The research area is related to
the Djejimparma Uplift located in the south-south-western part
of the Timan Ridge, practically in the zone of junction of the
Mezen Syneclise and the Timan Ridge. The level of knowledge
on the biostratigraphy of these regions varies significantly. While
the scheme of conodont and ostracode zonations has been de-

veloped for the Ukhta Region sections of the Southern Timan, it
remains to be done for sections in the Ust’- Kulom Region.

Biostratigraphic data on conodonts and ostracodes were
used to subdivide the Timan and Ust’-Yarega formations [6,
8—9, 13—15]. The most detailed materials on the biostratigra-
phy of the 1-Balneological Borehole are contained in the geo-
logical report [6].

Biostratigraphic subdivision of the Yba Formation was car-
ried out by the authors based on the appearance of zonal taxa of
conodonts and ostracodes. Microfauna was isolated from car-
bonate rocks by dissolving in 10 % acetic acid with the addition
of a buffer solution. Clay rocks were soaked in water and washed
through a 0.05—0.1 mm sieve. Some clayey and porous lime-
stones were dissolved in glacial acetic acid for obtaining the os-
tracodes. We processed 95 samples of 0.2 to 5 kg in weight. The
conodonts were photographed using a Tescan Vega 3 LMH scan-
ning electron microscope.
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Results and discussion

The territory of Southern Timan was the object of close
study by geologists of various kinds. The stratotypes of many
local units (formations) of the Middle and Upper Devonian are
here. Most of the formations were established by N. N.
Tikhonovich in 1930, A. I. Lyashenko in 1956, Z. V. Larionova
in 1987, and others. The Givetian- Frasnian boundary interval
comprises sequence of the Timan and Ust’-Yarega formations
in the Ukhta Region. In the Ust’- Kulom Region, this interval
is represented by the Yba Formation.

The Timan Formation was established by A. 1. Lyashenko
in 1956 in the volume of the variegated horizon of the Oil-bear-
ing Formation identified by N. N. Tikhonovich. This forma-
tion is divided into two subformations. The stratotype of the
Lower Timan Subformation is a section of 1-Balneological

Borehole (depth interval of 239.5—307 m). The section in the
borehole is represented by sandy-clay rocks and tuffites, alter-
nating above with variegated clays and siltstones with interlay-
ers of marls and limestones. The stratotype of the Upper Timan
Subformation is the Ukhta River section. This section mainly
consists of three outcrops 18, 13, 14 (Fig. 2, C). The section
consists of chocolate-brown and greenish-gray clays with lay-
ers of siltstones, sandstones and limestones. The boundary be-
tween the subformations is placed at top of a sandy limestone
bed (Bed A) in the 1-Balneological Borehole (Fig. 3).

The Ust’-Yarega Formation was established by A. I. Lyash-
enko in 1956 to include the cuboid horizon of the Oil-bearing
Formation identified by N. N. Tikhonovich. The stratotype is
the Yarega River section (Outcrop 16). The lower part of the
formation is represented by sandstones, siltstones, and clays with
arenaceous limestone interbeds. The upper part of the Forma-
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tion is represented by bluish-gray clays with beds of marl and
clay limestone.

The boundary between the Timan and Ust’-Yarega for-
mations is drawn in different ways by different researchers. A. 1.
Lyashenko [10] did not indicate the exact position of the bound-
ary between the formations. He noted only the gradual nature
of the transition and insufficient palacontological information.
Currently, there are two main options for interpreting the base
of the Ust’-Yarega Formation in the Ukhta Region. Yu. A. Yudi-
na and M. N. Moskalenko [13] draw it in the upper part of the
Outcrop 14 on the Ukhta River (base of Bed 7) based on a change
in the brachiopod associations. In some papers [9, 17—18], the
boundary of the formations is accepted in the lower part of
Outcrop 14 (base of Bed 2). A change in the fish assemblage is
indicated here [9]. However, there are no convincing litholog-
ical criteria for placing the base of the Ust’-Yarega Formation
here. This interpretation inevitably leads to errors in the corre-
lation of the already adopted unified biostratigraphic subdivi-
sions [19] with local stratigraphic units.

In our opinion, the boundary between the Timan and Ust’-
Yarega formations should be drawn in the upper part of Out-
crop 14 by the appearance of the first layer of pure mudstones,

without admixture of quartz material and mica (inside of Bed 7,
Fig. 4). This bed fixes the first transgression maximum and is
clearly recognizable in the field.

Above, there are two more clay layers separated by bio-
clastic detrital limestone, overlain by a 40 cm bed of bioclastic
micritic limestone. Above, there are two more clay interbeds
separated by bioclastic detrital limestone, overlain by a 40 cm
bed of bioclastic detrital micritic limestone. This transgression
seems to be a regional manifestation of the global Frasne Event.
A synchronous level of the onset of such a transgressive cycle is
reported by S. V. Tikhomirov [24] as the Novospassky Hori-
zon, allocated in the central regions of the East European Plat-
form (P. 90, after [24]). In the lithological characteristic of these
deposits, substantial reduction of coarse terrigenous material,
or its absence, is particularly emphasized. Areas of paleo-up-
lifts are an exception, where the synchronous deposits lie over
an erosional surface, and contain reworked material (Djejim-
parma and Ochpharma uplifts).

The Givetian- Frasnian boundary interval in the Ust’-Ku-
lom Region is represented by deposits of the Yba Formation.
The stratotype is a section of a borehole located in the headwa-
ters of the Yba River [16]. The Yba Formation is represented by
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limestone and clay. Together with the underlying Izyayol’ For-
mation, it composes the northern limbs of the Djejim and Asyv-
vozh structures.

Biostratigraphy
of the Givetian-Frasnian deposits

Biostratigraphic studies of the Devonian deposits of South-
ern Timan have a history of more than 50 years. The conodonts
of the Upper Timan and Ust’-Yarega formations in the territo-
ry under consideration were studied by V. G. Khalymbadzha,
Yu. V. Deulin, L. I. Melnikova, A. V. Kuzmin, L. I. Kononova,
N. S. Ovnatanova, et al. The ostracodes were studied by G. P.
Martynova, E. N. Polenova, V. G. Egorov, N. A. Fokin, M. N.
Moskalenko, A. N. Orlov, etc. This paper [13] provides a bios-
tratigraphic scheme of the Frasnian deposits of the Ukhta Re-
gion. A conodont zonation was developed by V. G. Khalym-
badzha and A. V. Kuzmin. An ostracode zonation was proposed
by M. N. Moskalenko. Later, a local conodont zonation was
established based on a sequence of conodont associations (TP
associations) using the sections of boreholes and outcrops of
Southern Timan [17—18]. The local ostrocode zonation of
Southern Timan is traced in the Chernyshev Ridge sections [15],
despite the significant differentiation of the shallow paleobasin
during the Givetian- Frasnian time. In the Fig. 1 shows the dis-
tribution of the ostracodes that are widespread in the Givetian-
Frasnian deposits of the Timan-North Urals Region according
to our data and data from literature.

We analyze the distribution of conodonts and ostracodes
in the sections of the Timan, Ust’-Yarega and Yba formations
of Southern Timan. The standard [28] and new [3] conodont
zonations, the Tafilalt (Southern Morocco) conodont zonation
[1], and the TPP ostracode zonation [6, 12, 15, 19] were used
as a biostratigraphic framework.

1-Balneological Borehole (Fig. 3). Here, the Lower Timan
Subformation (depth of 307—239.5 m), the Upper Timan Sub-
formation (depth of 239.5—147.5 m) and the Ust’-Yarega For-
mation (depth of 147.5—121 m) stand out [12].

We analyzed the conodont and ostracode associations in
unpublished geological report [6], and in some publications [13].
The unpublished materials show the distribution of conodonts
and ostracodes and their correlation with ostracode zonation
TPP and regional stratigraphic subdivisions (horizons). Con-
odont zones are not recognized. The conodonts were identified
by V. G. Khalymbadzha. The ostracodes were identified by N. A.
Fokin and M. N. Moskalenko. The distribution of zonal and
characteristic conodonts and ostracodes is shown in Fig. 3.

Conodonts. The Lower Timan Subformation is character-
ized by a conodont association with the following taxonomic
composition: Icriodus nodosus Branson et Mehl, Polygnathus
normalis Mehl et Youngquist, Polygnathus decorosus Stauffer,
Polygnathus webbi Stauffer, Polygnathus varcus Stauffer, Polyg-
nathus cf. brevilaminus Branson et Mehl [6, 13]. The species
Polygnathus varcus characterizes the Givetian varcus — hermani-
cristatus conodont zones. In the section of 1-Balneological
Borehole it continues up to the base of the Domanik Forma-
tion, which causes great doubts. In the Upper Timan Subfor-
mation, in addition to the above- mentioned species, the ap-
pearance of Polygnathus foliatus Bryant is recorded, which is
also traced higher in the deposits of the Frasnian stage. It should
be noted that the conodont association presented is of an unre-
markable composition and is widely distributed in the Upper
Givetian and Lower Frasnian deposits. A more substantial re-
newal of conodonts is noted almost from the base of the Ust’-

Yarega Formation. First, Ancyrodella rotundiloba rotundiloba
Bryant, probably characterizing the Ancyrodella rotundiloba
conodont Zone [3], then Mesotaxis asymmetricus Bischoff et
Ziegler, Klapperina ovalis Ziegler et Klapper and Icriodus sym-
metricus Branson et Mehl appear. A conodont association with
the index-species Mesotaxis asymmetricus characterizes the up-
per subzone of the Mesotaxis falsiovalis conodont Zone of the
Frasnian [28]. This part of the zone is equivalent to the Ancy-
rodella rugosa Zone [3]. Ancyrodella rotundiloba alata Glenister
et Klapper appears at the top of the formation. Palmatolepis tran-
sitans Muller noted above, characterizing the transitans con-
odont Zone of the Lower Frasnian.

Ostracodes. The Lower Timan Subformation in the 1-Bal-
neological Borehole contains an ostracode association of the
following taxonomic composition: Pseudonodellina strelniensis
Polenova, Cavellina devoniana Egorov, Nodella faceta Rozh-
destvenskaya, Buregia krestovnikovi Polenova, Uchtovia poleno-
vae Egorov, Bairdia kynovensis Rozhdestvenskaya et al [6, 13].
Since the index-species Ornatella multiplex Rozhdestvenskaya
is absent here, we have identified the Beds with Pseudonodellina
strelniensis, conventionally compared with the Ornatella multi-
plex ostracode Zone.

In the regional stratigraphic scheme [19], the Upper Ti-
man Subformation corresponds to the Cavellina devoniana os-
tracode Zone. However, the index-species of this zone appears
much earlier and is included in the association characterizing
of the underlying Ornatella multiplex ostracode Zone. There-
fore, in our opinion, one should choose a zonal species of wide
geographic distribution, which would appear at this stratigraphic
level. As a zonal species, we propose the most common Acrati-
na pestrozvetica Egorov and recognize the Beds with Acratina
pestrozvetica by its first appearance. The Beds with Acratina pes-
trozvetica contain, in addition to the taxa Cytherellina cuneate
(Rozhdestvenskaya), Healdianella inclinata Polenova, Schneide-
ria schigrovskiensis (Polenova), and Rectella elata Zaspelova.
Almost from the base of the Ust’-Yarega Formation there is a
significant changes of the ostracode association. Acratia gassano-
vae Egorov, Entomozoe (R.) scabrosa Polenova, Ungerella (F.)
Jaregae (Martynova) and others appear here. The ostracode as-
sociation with the index-species Enfomozoe (R.) scabrosa char-
acterizes the Cavellina chvorostanensis - Entomozoe (R.) sca-
brosa ostracode Zone [13, 19].

Ukhta River section (Fig. 4). Here, the Upper Timan Sub-
formation (outcrops 18, 13, 14) and the Ust’-Yarega Forma-
tion (upper part of outcrops 14 and 16) stand out [12—13]. The
boundary between the formations was adopted by the authors
in the upper part of Outcrop 14 by the appearance of the first
layer of pure mudstones (inside of Bed 7, Fig. 4), fixing a trans-
gression maximum.

The biostratigraphy of this section based on conodonts is
covered in a number of publications [8—9, 12—13, 17—18, etc.].
We analyzed the conodont and ostracode associations given in
[8—9, 13]. The definitions of conodonts made by L. I. Melnik-
ova, A. V. Kuzmin and V. G. Khalymbadzha are given in [13].
The definitions of ostracodes were made M. N. Moskalenko.
The distribution of zonal and characteristic conodonts and os-
tracodes is shown in Fig. 4.

Conodonts. The Upper Timan Subformation (Outcrop 18)
is characterized by a conodont association of the following tax-
onomic composition: Polygnathus normalis, Polygnathus deco-
rosus, Polygnathus incompletes Uyeno, Polygnathus brevilaminus,
Polygnathus pennatus Hinde, Polygnathus foliatus, Icriodus ex-
pansus Branson et Mehl (definitions of L. I. Melnikova). A




Beciitate VIT Komm HLU, YpO PAH, okTsa6pb, 2019 ., N2 10

(L66T "ONUSTENSOIN NSU) “ds vjjapoN .
I2ISB)) sisuauopys fjv (3 vipang, .
AOSIASUOS DOYDLINI DIAOU2IO ], .
AR SUAISIPYZOY D32o0f vIjapoN .
(eAOUDTO) SISUILYSAOUSIYIS DLI2PIAUDS —
BARYSUQAISIPYZOY bsouids ffv vuuniqgajas —
AOI0TH sisuapyfon ffp vipnvg
AQLOS 140§030S DIpADY
A0I0SH avaoumpt *ffb vipavg
ONUS[BISOIN] botunty “ffp vipnvg
A010S poya«zossad DU
eaorodsey vpya pjjaay
rAOUD[OJ PIgnp [Jb vjopoy
BAORASEY DAGDf PIAnAD
(RARYSUDAISIPYZOY ) PIPIUND DUIfILIYIAT)
‘70§ '], priudosur vuipjagiandy
AOSIASYOS DULIS AL DIPID

OSTRACODES

VVyVYY

| -
o
=
|
>
=
JUBALY DGOpIPpUIIOS DGONIPUHIOL DIIPOLOUT ®
1Ing 19 [FO1Z “pUBS DRJOS BORPUIIOL DIJAPOLOUT . E
HouAng 19 I9[B217 ‘BIqPULS SHVAOISIDf SIXDIOSITY . . N
QNI JFY #ypoqjod snvudijo g 0 p)
JRIsseq 19 YU 1gqam smippussjog A
ULz 10yu2yosvlj smyppusfjod
Uz 1ssaunad snipuajog R
apury sepuuad suypu3sjo F

\ A A

CONODONTS

— & o o % b
mO_QQH—wm @ oo eooe e 00 o soce e sove ses o

HEi
ABojomry _-nmﬂ- ~ -

UOIEULIO | & BOA

SOPOJRIISO YlMm Spag o © LAO[OYOS BIPIIBY Y)W SpPay _ eolpAzonsad BULIRIDY U spay o
SIUOPOUOD LM SPq BQOTIPUN)OL BINJOS _ 1qqaM STIBRUBAIOJ [PIM SPag] zm::ﬂwmmmm_é
pue [g7 ‘¢ °1] souoz Juopouo)) SI[BAOIS[B] JOMO'] -

(see Fig. 3 for legend)
Mpe/rnoaaraeMoro TpaHCrpecCuBHOro coobiThst Frasne (0603HaueHust cM. Ha puc. 3)

Fig. 5. Detailed log of the Shera Creek section with conodont and ostracode distribution at the level of the supposed transgressive Frasne Event
Puc. 5. JleranbHas nutocTparurpaduyeckasi KoJjoHka paspesa pyd. Lllepa ¢ pacnpeneneHueM KOHOOOHTOB M OCTPAaKOJ Ha ypOBHE

il



Vestuits IG Komi SC UB RAS, October, 2019, No. 10

W

somewhat different complex was determined by A. V. Kuzmin
[9]. He established an association of the following taxonomic
composition: Icriodus expansus, Polygnathus alatus Huddle,
Polygnathus pennatus, Polygnathus webbi, Polygnathus lanei
Kuzmin. According to A. V. Kuzmin, the appearance of the
species Polygnathus lanei fixes the Givetian- Frasnian boundary
within the Timan Formation. The paper [9] also gives the cor-
rected results of the definitions of L. I. Melnikova, where Polyg-
nathus brevilaminus (= Polygnathus lanei), Polygnathus normalis
(= Polygnathus webbi).

V. G. Khalymbadzha [8] established in Outcrop 18 a con-
odont association of the following taxonomic composition: An-
cyrodella binodosa Uyeno, Icriodus expansus, Icriodus nodosus,
Polygnathus brevilaminus, Polygnathus varcus, Polygnathus fo-
liatus. Unfortunately, in the paper [8] summarized lists of con-
odont associations are indicated, which makes biostratigraphic
reconstructions difficult. Also important is the lower limit of
distribution of Ancyrodella binodosa. Most of these species in
Outcrop 18 are of undistinctive composition and of wide strati-
graphic distribution. However, the conodonts Ancyrodella bin-
odosa, Polygnathus lanei and Polygnathus incompletus established
by L. 1. Melnikova, A. V. Kuzmin and V. G. Khalymbadzha
suggest Frasnian age of these deposits. These species are addi-
tional markers of the lower boundary of the Frasnian stage of
the Upper Devonian [1] and characterize the lower subzone of
the Mesotaxis falsiovalis conodont Zone [28]. This lower sub-
zone is equivalent to the Moroccan Ancyrodella rotundiloba
pristina Zone [1, 3]. An index-species for the lower boundary
of the Frasnian stage — Ancyrodella rotundiloba pristina in the
Ukhta River section has not established.

The Upper Timan Subformation in outcrops 18 and 14 is
characterized by a conodont association of similar taxonomic
composition. The difference is in the appearance of the species
Polygnathus posterus Kuzmin and Polygnathus ljaschenkoi
Kuzmin, which are widely distributed in the Lower Frasnian of
the Upper Devonian. The interval of the Upper Timan Subfor-
mation considered above characterizes the local Ancyrodella
binodosa Zone [8, 13].

A more significant renewal of conodonts is noted in the
upper part of the Outcrop 14 almost from the base of the Ust’-
Yarega Formation. A. V. Kuzmin [9, 13] established a conodont
association of the following taxonomic composition: Ancyrodella
rotundiloba, Ancyrodella alata, Ancyrodella rugosa Branson et
Mehl, Ancyrodella mouraviffi Garcia- Lopez, Ancyrodella soluta
Sandberg, Ziegler et Bultynck, Ancyrodella binodosa, Mesotaxis
falsiovalis Sandberg, Ziegler et Bultynck, Mesotaxis asymmetri-
cus, Polygnathus posterus, Polygnathus ljaschenkoi, Polygnathus
pennatus, Polygnathus webbi, Polygnathus lanei, Polygnathus spat-
ulatus Youngquist et al. Of these, the conodonts Ancyrodella
rugosa and Mesotaxis asymmetricus are index-species of the up-
per subzone of the Mesotaxis falsiovalis conodont Zone [28]
and Ancyrodella rugosa conodont Zone [3] of the Frasnian
stage. It is necessary to note the absence of the Ancyrodella ro-
tundiloba soluta and Ancyrodella rotundiloba rotundiloba con-
odont zones, which form the basis of the conodont zonation
just above the boundary of the Givetian and Frasnian stages [3].
Apparently, part of the Upper Timan deposits was eroded in
the Early Frasnian time. This is indirectly indicated by the pres-
ence of poorly rounded fragments (gravel) of quartz sandstones
with carbonate cement in the upper part of the Upper Timan
Subformation (Fig. 4).

The main part of the Ust’-Yarega Formation is presented in
Outcrop 16. In addition to the above conodont species, Mesotax-
is bogoslovskyi Ovnatanova et Kuzmin and Palmatolepis transitans

appear. The interval of the Ust’-Yarega Formation according to
[8, 13] characterizes the local Ancyrodella rotundiloba Zone.

Ostracodes. The Upper Timan Subformation in the Ukhta
River section contains an ostracode association widespread in
the underlying deposits: Cavellina devoniana, Nodella faceta,
Buregia krestovnikovi, Uchtovia polenovae. The appearance of
the species Cavellina uchtensis Egorov, Rectella elata, Gravia fabra
Zaspelova, Acratina pestrozvetica is noted in the Outcrop 18. The
Upper Timan Subformation is characterized by an ostracode
association of similar taxonomic composition in outcrops 13
and 14.

Here we have identified Beds with Acratina pestrozvetica.
Significant but gradual changes of the ostracode association are
observed in the upper part of the Upper Timan Subformation
(Outcrop 14, down 3.5 m from the top of Bed 7 after [13]).
Cytherellina cunaeta and Nodella sp. (sensu Moskalenko, 1997)
appear here. Similar ostracodes Nodella sp. with a characteris-
tic posterior-abdominal spike were also noted by 1. O. Evdoki-
mova in the Ust’-Yarega Formation of Middle Timan [5].

Almost from the base of the Ust’-Yarega Formation, the
renewal of the ostracode association continues. First, Cavellina
chvorostanensis Polenova appear, then Enfomozoe (R.) scabrosa
and Ungerella (F.) jaregae appear, characterizing of the Cavelli-
na chvorostanensis - Entomozoe (R.) scabrosa ostracode Zone
[13, 19]. The last species are widely represented in Outcrop 16
of the Ust’-Yarega Formation.

Shera Creek section (Fig. 5). The Yba Formation stands
out here [16]. Previously, the authors made a preliminary bios-
tratigraphic subdivision of the Shera Creek section [21]. How-
ever, additional material has now appeared, clarifying the zo-
nation of this section. The distribution of zonal and character-
istic conodonts and ostracodes is shown in Figs. 5 and 6.

Conodonts. In the lower part of the section (samples 1a—
24) we have established a conodont association of the following
taxonomic composition: Polygnathus pennatus, Polygnathus re-
imersi Kuzmin, Polygnathus ljaschenkoi, Mehlina gradata Young-
quist, Polygnathus aff. foliatus. Most species have a wide strati-
graphic range. The conodont association of with Polygnathus
ljaschenkoi compares well with the complex of Beds with Polyg-
nathus pollocki — Polygnathus ljaschenkoi, identified in the Ko-
syu River section on the western slope of the Subpolar Urals
[22]. The joint appearance of the conodonts Polygnathus pol-
locki M1 Druce and Polygnathus ljaschenkoi is noted significantly
below the first appearance of Ancyrodella soluta [22]. The Polyg-
nathus pollocki is also defined in the section of the Yba Forma-
tion, but above the first appearance of Polygnathus ljaschenkoi.
Since the identification of conodont zones [1, 3, 28] is not pos-
sible in the Yba Formation, we have identified Beds with Polyg-
nathus ljaschenkoi.

In the middle part of the section (samples 24a—36¢), the
following conodont association is established: Mesotaxis falsiova-
lis, Mesotaxis falsiovalis —> Mesotaxis asymmetricus, Polygnathus
webbi, Polygnathus pollocki M1, Polygnathus pennatus, Polygnathus
reimersi, Polygnathus decorosus, Polygnathus ljaschenkoi, Polyg-
nathus dengleri dengleri Bischoff et Ziegler, Polygnathus cf. alatus,
Polygnathus dubius Hinde, Klapperina ovalis et al. Most of the
species are widespread in the Upper Givetian and Lower Fras-
nian deposits. Mesotaxis falsiovalis is an index-species of the low-
er subzone of the Mesotaxis falsiovalis conodont Zone [28]. Its
appearance is recorded in sample 27b. This part of subzone is
equivalent to the Skeletognathus norrisi conodont Zone charac-
terizing the upper part of the Givetian stage [3]. However, the
species Mesotaxis falsiovalis can be traced and higher in the de-
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Fig. 6. Detailed log of the Shera Creek section with zonal and characteristic conodonts (see Fig. 3 for legend). a — Polygnathus pennatus Hinde,

upper view of 492/17-1, sample 1b; b — Polygnathus ljaschenkoi Kuzmin, upper view of 492/17-4, sample 1b; ¢, d — Polygnathus webbi Stauf-

fer, lower and upper view of 492/18-3, sample 41; e — Polygnathus webbi Stauffer, upper view of 492/17-9, sample 24a; f — Polygnathus pollocki

Morphotype 1 Druce, upper view of 492/17-38, sample 24a; g — Mesotaxis falsiovalis Sandberg, Ziegler et Bultynck, upper view of 492/17-12,

sample 27b; h, k — Mesotaxis falsiovalis Sandberg, Ziegler et Bultynck, upper and lower view of 492/18-2, sample 38; 1, m — Ancyrodella

rotundiloba soluta Sandberg, Ziegler et Bultynck, upper and lower view of 492/18-4, sample 37; n, o — Ancyrodella rotundiloba rotundiloba
Bryant, upper and lower view of 492/18-1, sample 39b. Scale bar is 200 um
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cM. Ha puc. 3). FAD — ypoBeHb niepBoro nosiBieHus. a — Polygnathus pennatus Hinde, Bun cBepxy, Ne 492/17-1, o6p. 1b; b — Polygnathus
ljaschenkoi Kuzmin, Buz cBepxy, Ne 492/17-4, o6p. 1b; c, d — Polygnathus webbi Stauffer, Bua cHusy u cBepxy, Ne 492/18-3, o6p. 41;
e — Polygnathus webbi Stauffer, Bun cBepxy, Ne 492/17-9, o6p. 24a; f — Polygnathus pollocki M 1 Druce, Bun cBepxy, Ne 492/17-38, o0p. 24a;
g — Mesotaxis falsiovalis Sandberg, Ziegler et Bultynck, Buz cBepxy, Ne 492/17-12, o6p. 27b; h, k — Mesotaxis falsiovalis Sandberg, Ziegler et
Bultynck, Bua cBepxy u cHu3sy, Ne 492/18-2, oop. 38; 1, m — Ancyrodella rotundiloba soluta Sandberg, Ziegler et Bultynck, Bun cBepxy
n cHusy, Ne 492/18-4, obp. 37; n, o — Ancyrodella rotundiloba rotundiloba Bryant, Bua cBepxy u cHusdy, Ne 492/18-1, o6p. 39b.
MacirabHas auHeiika 200 MKM

posits of the Frasnian stage, therefore it is more usful to distin-
guish the Beds with Polygnathus webbi. The conodonts Polygnathus
webbi are the most abundant in this interval.

The overlying interval of the Yba Formation (samples 37—
41) characterizes the Ancyrodella rotundiloba soluta and An-
cyrodella rotundiloba rotundiloba zones of the Frasnian stage
[3]. Here is established a conodont association of the following
taxonomic composition: Mesotaxis falsiovalis, Ancyrodella ro-
tundiloba soluta, Ancyrodella rotundiloba rotundiloba, Polygnathus
webbi, Polygnathus cf. reimersi. The first Ancyrodella rotundiloba
soluta appears in sample 37, and then Ancyrodella rotundiloba
rotundiloba appears in sample 39b. Such a sequence reflects their
appearance in the new scheme of the conodont zonation [1, 3].
The first appearance of the conodonts Ancyrodella rotundiloba
soluta established by the authors in the sections of the western
slope of the Subpolar Urals (Kozhym River and Kosyu River
sections) in the interval of the upper subformation of the
Kedzydshor Formation [22—23].

Future research will focus on detailed biostratigraphic study
of the sections, especially below the level of the first appear-
ance of the conodonts Ancyrodella rotundiloba soluta.

Ostracodes. In the lower part of the section (sample 7) we
have established an ostracode association with the following
taxonomic composition: Bairdia resima Schevtsov, Gravia fab-
ra, Cytherellina cuneata, Aparchitellina incognita T. Soz. and
Bairdia timanica Moskalenko. The last two species appear in
Early Timan time. Ostracodes Gravia fabra and Cytherellina cu-
naeta are predominantly distributed in Upper Timan Subfor-
mation. So, this interval of the Yba Formation we compare with
the Upper Timan Subformation. At the same time, we do not
exclude its comparison with the deposits of the Lower Timan
Subformation.

In the overlying interval of the Yba Formation (samples
20—31b), a significant renewal of the ostracode association is
observed. Acratina pestrozvetica, Rectella elata, Bairdia aff. nau-
movae Egorov and many other species appear. Based on the first
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appearance of Acratina pestrozvetica, we have established ostra-
code beds that correspond to the Cavellina devoniana ostra-
code Zone. The Beds with Acratina pestrozvetica are widespread
and provide a reliable correlation of the sections of the Timan-
North Urals Region.

In the middle part of the section (samples 31c—37a), the
following significant renewal occurs in the ostracode associa-
tions. Bairdia sokolovi Egorov, Bairdia aff. uchtaensis Egorov,
Polenovia nurlatica Schevtsov, Bairdia (Rectobairdia) aff. cha-
lonensis Casier, Nodella sp. (sensu Moskalenko, 1997), Nodella
faceta and Schneideria schigrovskiensis appears. All of these spe-
cies, except for the last two, are characteristic of the Denisov
Beds of the northeast of the East European Platform and the
Ust’-Yarega Formation of Southern Timan. At this interval, we
identified Beds with Bairdia sokolovi, which probably correspond
to the beginning of changes in the ostracode association before
the appearance of the Cavellina chvorostanensis - Entomozoe
(R.) scabrosa ostracode Zone.

Conclusions

According to the conodont zonation, the boundary be-
tween the Givetian and Frasnian stages is drawn inside the low-
er subzone of the Mesotaxis falsiovalis conodont Zone by the
appearance of Ancyrodella rotundiloba pristina. The index-spe-
cies of the lower boundary of the Frasnian stage is not estab-
lished in the Southern Timan. Additional markers of the bound-
ary are conodonts Ancyrodella binodosa, Polygnathus lanei and
Polygnathus incompletus, which are found in the Upper Timan
Subformation of the Southern Timan sequences. However, the
lower limit of their distribution in the Timan Formation is cur-
rently unknown.

The significant changes in conodont and ostracode asso-
ciations are observed almost from the base of the Ust’-Yarega
Formation and are associated with a gradual increase in the
depth of the sea basin. Conodonts Ancyrodella rugosa and Me-
sotaxis asymmetricus appear on this level, which characterize
the Ancyrodella rugosa conodont Zone. The ostracodes of the
Ust’-Yarega Formation are represented by the assemblage of
the Cavellina chvorostanensis — Entomozoe (R.) scabrosa
Zone.

The significant changes in the ostracode associations of
the Yba Formation make it possible to compare its middle part
with the Upper Timan Subformation. The ostracode Beds with
Acratina pestrozvetiva identified at this level correspond to the
Cavellina devoniana ostracode Zone and provide a reliable cor-
relation of the sections of the Timan-North Ural Region.
Changes in the conodont associations of the Yba Formation
reflect an important sequence of appearance of the index-spe-
cies Mesotaxis falsiovalis, Ancyrodella rotundiloba soluta, Ancy-
rodella rotundiloba rotundiloba. Based on conodonts, the Ancy-
rodella rotundiloba soluta and Ancyrodella rotundiloba rotundilo-
ba section intervals can be correlated with the Ancyrodella ro-
tundiloba soluta and Ancyrodella rotundiloba rotundiloba zones
established in the Tafilalt section and in the new scheme of the
conodont zonation. The Ancyrodella rotundiloba soluta con-
odont Zone is well traced in the sections of the Yba and Kedzyd-
shor formations. This level is certainly more reliable with re-
spect to the validity of conodonts, although it characterizes the
position of the old boundary in the Conodont Scale. The estab-
lished conodont and ostracode sequence, as well as the expres-
sion of the global Frasne Event in the Yba Formation, are es-
sential for resolving the issue of the lower boundary of the Fras-
nian stage of the Upper Devonian in the East European Plat-
form.
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We presented results of comparative physical and chemical studies of the organic matter of Devonian brown coals and
rocks with carbonized plant residues from Northern Timan. We used IR Fourier spectroscopy of diffuse reflection, ESR spec-
troscopy, quantitative chemical analysis, pyrolytic gas chromatography-mass spectrometry.
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Devonian brown coals of Northern Timan are traditional-
ly considered unsuitable for development and industrial use
because of their low quality, low power and low calorific value.
However, recent finds of remains of primitive quadruped ani-
mals, including Devonian tetrapods [1, 6], in Famennian de-
posits on the Volonga River attracted a new scientific interest in
Devonian coal deposits.

A distinctive feature of Devonian brown coals of Northern
Timan is their low maturity and absence of significant catage-
netic transformations of organic matter. Thus, the brown coals
of Northern Timan present a source of valuable information
about the nature and properties of various components of coal-
forming plants. Researchers are primarily interested in lignin,
which is one of the most chemically stable biopolymers of plant
origin.

In [4, 5] it was noted the plant polymer of aromatic na-
ture — lignin — played an important role in coal, peat and soil
formation. The basis of the chemical structure of lignins is a
phenylpropane unit. By composition, all known modern
lignins are subdivided into coniferous or guaiacyl (G-type),
deciduous or guaiacyl-syringyl (GS-type) and grassy or guai-
acyl-syringyl-p-coumaric (GSH-type) (Fig. 1). Until now, the

first, the least evolutionarily advanced, G-type lignins (conif-
erous lignins) were considered [3].

Lignin is one of the most chemically resistant compounds
of plant origin. It has been established that during the thermal
treatment of plant material the natural lignin, as a result of de-
structive metamorphic transformations, can be basis for vari-
ous compounds that preserve the aromatic nature. Analysis of
destruction products allows to establish features of the chemi-
cal structure of the original substance.

In particular, vanillin, mellitic, and benzene pentacarbox-
ylic acids were found in organic matter from the mineralized
residues of Lepidodendropsis stems, at that a lower number of
methoxy groups was noted compared to modern conifers [4].
In younger coals the oligolignols of aromatic nature and meth-
ylated phenylpropane compounds, related to G, S, and H-type
structures were founded [7, 13].

The aim of the work: comparative physical and chemical
characteristic of the organic matter of the brown coals of North-
ern Timan.

Objects and research methods

The objects of study (UD-1 — UD-9) were Upper Devo-
nian brown coals and rocks with carbonized plant residues from
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Famennian Pokayama Formation on the Volonga River (North-
ern Timan, Russia). Legend and descriptions of the studied sam-
ples are given in Table 1.

An exception is the concentration of free organic carbon
radicals n,, (Table 2). Compared to modern lignins and UD-

org
11 (Jurassic), Devonian coals samples have a very high con-

Table 1. Characteristic of the brown coals and carbonized plant residues from Northern Timan

Tabauya 1. XapakTepucTUKa JE€BOHCKHX OYpbIX yrjeil W yrie(MuMpoBaHHBIX PACTHTEIbHBIX ocTaTKoB CeBepHoro Tumana

Sample Sample No. Description

UD-1 16-12/1 Layer of coal with spherical pyrite nodules in the roof of a pack of clay

UD-2 3-VI-2016 Thin layer of paper-coal at the base of cross-stratified sandstones

UD-3 4-VIII-1-2016 Carbonized stem or root of Callixylon sp. plant

UD-4 4-XI-2a Layer of coal in a siltstone lens with remains of Phyllolepis, representing an incision of bayou lake
UD-5 3-11-2016 Layer of coal from a paleoriver bed incision

UD-6 6-25a-2016 Carbonized layer in a pack of siltstones

UD-7 7-1-2016 Layer of coal in a pack of siltstones

UD-8 10-1-16-2016 Layer of coal in argillites

UD-9 11-8-np. HuU3. Layer of coal in a pack of sandstones, siltstones and clays

We used carbonized fragments of Callixylon tree trunks,
from the Tsilma River, Middle Timan, Russia, outcrop Ne 44,
Devonian, (sample UD-10) and ancient redeposited carbon-
ized plant residues from modern alluvial river bed sediments of
the Sysola River, Griva, Komi Republic, Russia, Jurassic (sam-
ple UD-11) [9]. We also used lignin preparations by Pepper’s
dioxane method [12] from modern plants: oats (DLO), larch
(DLL), and poplar (DLP).

IR Fourier spectra of diffuse reflection were recorded by IR
Prestige-21 Shimadzu spectrometer, Japan. KBr tablets (200 mg)
were used to register the spectra (1 mg). The ESR spectra were
obtained by SE/X-2547 RadioPAN radiospectrometer. As a stan-
dard for the concentration of paramagnetic centers, a certified
DFPG 910-06/07 sample with the number of spins 1.96:1017 was
used. Quantitative chemical analysis was performed by gas chro-
matography (Elemental Analyzer EA 1110 (CHNS-0), Italy, CE
Instruments). The samples were pyrolyzed with GCMS-QP2010
Plus gas chromatography-mass spectrometer with EGA/PY-
3030D pyrolyzer (Frontier lab, Japan) under gradual heating from
100 to 900 °C at a rate of 50 °C/min.

Results and discussion

IR Fourier spectra of diffuse reflection of the studied sam-
ples (Fig. 2), in general, are a superposition of bands of aromat-
ic fragments, a mineral component, aliphatic CH groups and
water. On all spectrums there are bands at 1600, 1632, 1612,
1570, 1509 and 870 cm-!. It should be noted the range of wave

OH

Fig. 1. Lignin structural units: a — guaiacyl (G); b — syringyl (S);
¢ — p-coumaric (H)

Puc. 1. CTpyKTypHbI€ eNUHULIBI JTUTHUHA: a — TBasgumiIbHas (G);
0 — cupuHrwibHas (S); B — n-kKymaponas (H)

numbers from 800 to 900 cm-!, where CH bonds of aromatic
rings are absorbed, as well as to the region of skeletal vibrations
of the aromatic ring ~1600 cm-!.

The comparative analysis of the ESR spectra (Fig. 3) shows
that by the main characteristics, the studied samples and com-
parison samples, including modern lignins, are close to each
other (Table 2). Thus, the most intense signal in all ESR spec-
tra is a narrow line with an electroscopic g-factor 2.003—2.004,
which corresponds to a phenoxyl radical, existing in several
mesomer forms. The shape of the line is Lorentzian with a slight
asymmetry characteristic of aromatic structures. The line width
at the extreme points (AB,)) is 0.6—0.8 mT.

Table 2. Parameters of ESR-spectra of the studied samples

Tabauya 2. TlapameTpsl DITP-cneKTpoB HCCIeTyeMbIX 00pasioB

Sample Content C+N-+H, % g-factor AB,,, mT Line shape N0 10" spin/g
UD-1 35.37 2/0036 0.74 ~L, ass 150.0
UD-2 56.50 2.0036 0.75 -«- 400.0
UD-3 27.07 2.0036 0.70 -«- 190.0
UD-4 28.06 2.0036 0.77 -« 100.0
UD-5 42.70 2.0036 0.71 -« 150.0
UD-6 22.64 2.0036 0.72 -« 190.0
UD-7 43.64 2.0036 0.78 - 870.0
UD-8 70.78 2.0035 0.74 -« 1040.0
UD-9 17.88 2.0035 0.74 -« 2440.0
UD-10 79.8 2.0031 0.64 -« 350.0
UD-11 60.3 2.0039 0.77 -« 13.0
DLO 65.1 2.0044 0.78 -«- 2.2
DLL — 2.0041 0.72 -« 0.04
DLP — 2.0038 0.62 -« 0.04
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Fig. 2. IR Fourier spectra of diffuse reflection of
Upper Devonian brown coals samples: 1 — UD-3;
2 — UD-7; 3— UD-5;4— UD-9; 5— UD-4
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centration of paramagnetic centers, reaching a maximum val-
ue for carbonaceous substances in sample UD-9 — 1020 spin/g.
This is certainly related to peculiarities of the chemical struc-
ture of plant origin organic matter.

Phenols in the products of pyrolysis of the Upper Devonic
organic matter (kerogen) of the Pechora Basin Sargaev sedi-
ments were first described in the work [2]. The analysis of re-
sults of a low molecular destruction products of the studied plant
origin samples (Fig. 4) by pyrolytic gas chromatography-mass
spectrometry shows that the main pyrolysis compounds are ar-
omatic, including phenolic, compounds: benzene, toluene, m-
xylene, phenol, o-cresol, n-cresol.

The quantitative analysis of phenolic products of pyrolysis
by the peaks area of the gas chromatogram allowed to calculate
the ratio of the main structural units H, G u S. According to the
obtained data, the units H dominate in samples of Upper Devo-
nian brown coals and rocks with carbonized plant residues. UD-
10 sample (Middle Timan, Devonian) shows a similar result. Ju-
rassic UD-11 sample presents a different ratio of structural units.
The number of G units is 14.8 %. On the one hand, these results
are consistent with the conclusion of the works [8, 10, 11], ac-
cording to which the general order of lignins resistance is p-cou-

maryl (H). guaiacyl (G). syringyl (S). On the other hand, the
obtained experimental data raise new questions about evolution-
ary transformations of lignin, since lignin performed the func-
tion of plant adaptation to changing environmental conditions.

Table 3. Ratio of structural units in the studied samples
according to pyrolytic gas chromatography-mass spectrometry

Ta6muia 3. CooTHOIEHHE CTPYKTYPHbIX €IMHMIL B UCCIIETye-
MbIX 00pasiax mo JAAHHBIM MHPOJUTHYECKON ra30Boi
XPOMAaTO-MAacc-CeKTPOMETPHU

Sample Ratio H:G:S, %
UD-1 97.9:2.0:0.1
UD-2 99.4:0.4:0.2
UD-3 99.5:0.3:0.2
UD-4 97.1:1.8:1.1
UD-5 99.8:0.1:0.1
UD-6 98.4:0.7:0.9
upD-7 99.9:0.1:0
UD-8 99.9:0.1:0
UD-9 99.7:0.2:0.1
UD-10 99.5:0.5:0
UD-11 85.2:14.8:0

M
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Fig. 4. Gas chromatogram of UD-5 (b) sample in the region of major low molecular pyrolysis components

Puc. 4. ['a3oBast xpomatorpamma oopasiia Y1-5 (6) B 06;1acTU MaXXOPHBIX HU3KOMOJIEKYJISIPHBIX KOMITOHETOB MUPOJIM3a

Conclusions

1) On the basis of the complex of physical-chemical meth-
ods, we studied the organic matter of Devonian brown coals
and rocks with carbonized plant residues from the section of
Famennian Pokayama Formation along the Volonga River
(Northern Timan).

2) Studied samples are characterized by a very high con-
centration of paramagnetic centers, reaching a value close to
the maximum value n,,, for carbonaceous substances.

3) According to quantitative analysis of data on the prod-
ucts of thermal destruction we showed that p-coumaryl (H) units
dominate in investigated samples.

The studies were carried out as part of the State Task (SRW)
of the Institute of Geology, Komi SC UB RAS; work supported
by SPbSU (project No 41129192). The authors are grateful to
P. A. Beznosov (Syktyvkar), V. P. Lyutoev (Syktyvkar), S. A.
Pokryshkin (Arkhangelsk) and O.Yu. Derkacheva (St. Peters-
burg) for assistance in the researches.

References

1. Beznosov P. A., Snigirevsky S. M., Naugolnykh S. V.,
Lukshevich E. V. Verhnedevonskij kompleks otlozhenij del’tovoj
ravniny na Severnom Timane (Upper Devonian complex of del-
taic sediments in Northern Timan). Vestnik IG Komi SC UB
RAS, 2018, No. 1 (277), pp. 25—44.

2. Bushnev D. A. Osobennosti-sostava biomarkerov bitu-
moida I produktov piroliza kerogena otlozhenij verhnego devona
Pechorskogo bassejna (Features of the composition of biomark-
ers of bitumen and kerogen products pyrolysis of the Upper
Devon Pechorabasin deposits). Neftechimiya. 2002, V. 42, No. 5,
pp. 325—339.

3. Ligniny (struktura, svojstva i reakcii) (Lignins (struc-
ture, features and reactions). Ed. K. Sarkanen, K. Lyudvig.
Moscow: Lesnaya promyshlennost, 1975, 632 p.

4. Manskaya S. M., Kodina L. A. Geohimiya lignina (Lig-
nin geochemistry). Moscow: Nauka, 1975, 232 p.

5. Peresypkin V. I., Romankevich E. A. Biogeohimiya lign-
ina (Lignin biogeochemistry). Moscow: Geos, 2010, 340 p.

6. Ahlberg P. E., Beznosov P. En extremely primitive
miniature tetrapod from the Late Devonian (Early Famenni-
an) of North Timan, Russia. Abstracts of the 66th Symposium
of Vertebrate Palacontology and Comparative Anatomy and the
27th meeting of the Symposium of Palaeontological Prepara-
tion and Conservation. Manchester, 2018, pp. 29.

7. Dutta S., Bhattacharya S., Mallick M., Shukla A. C.,
Mann U. Preserved lignin structures in Early Eocene Surat lig-
nites, Cambay Basin, Western India. J. Geolog. Soc. India. 2012,
V. 79, No. 4, pp. 345—352.

8. Hedges J. 1., Cowie G. L., Ertel J. R., Barbour R. J.,
Hatcher P. G. Degradation of carbohydrates and lignins in buried
woods. Geochim. Cosmochim. Acta, 1985, V. 49, pp. 701—711.

9. Kocheva L. S., Karmanov A. P., Lutoev V. P., Shu-
milov I. Kh., Glukhov Yu. V., Pokryshkin S. A. Structural and
Chemical Features of Organic Matter in Carbonized Wood of
the Devonian and Jurassic Periods. Doklady Earth Sciences,
2019, V. 486, Part 2, pp. 634—637.

10. Logan K. J., Thomas B. A. Distribution of lignin deriv-
atives in plants. The New Phytologist, 1985, V. 99, pp. 571—585.

11. Orem W. H., Neuzil S. G., Lerch H. E., Cecil C. B.
Experimental early-stage coalification of a peat sample and a
peatified wood sample from Indonesia. Organic Geochemistry,
1996, V. 24, pp. 111—125.

12. Pepper J. M., Baylis P. E., Adler E. The isolation and
properties of lignin obtained by the acidolysis of spruce and as-
penwoods in dioxane-water. Canad. J. Chem, 1959, V. 37, No. §,
pp. 1241—1245.

13. Saikia B. K., Boruah R. K., Gogoi P. K. FT-IR and
XRD analysis of coal from Makum coalfield of Assam. J. Earth
Syst. Sci, 2007, V. 116, No. 6, pp. 575—579.

42



Vestnit IG Komi SC UB RAS, October, 2019, No. 10 w
Xponuxa, cobbimusi, (hakmel < Chronicle, events, facts
/M RN © N, TN TS - TR v;—m
R Unlted ngdom ’"Russmzﬂc?@ﬁtlflc workshop St
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about the Earth System‘?» e e YR AT

4T0 HAM MOIYT PACCKAIATb 0 3AKOHOMEPHOCTAX PA3BHTHS 3EMNN JEBOHCKME OTNOXEHHA APKTHKH
(9-e HayuHoe Kade, CoikTbiBKap, 13—14 masa 2019 r.)

WHAT DOES THE DEVONIAN OF THE ARCTIC TELL US ABOUT THE EARTH SYSTEM
(The 9t Science Café, Syktyvkar, May 13—14, 2019)

The ninth Science Café was held at the Institute of Geology of Komi SC UB RAS on the topic «What does the Devonian of the
Arctic tell us about the Earth System?» together with the Ural Branch of the Russian Academy of Sciences with the participation
of scientists from the Universities of Southampton and Cardiff, UK.

This issue of Vestnik journal reflects the program of the Science Café, held on May 13—14, 2019 in Syktyvkar as part of
international scientific relations with leading researchers from major universities and research centers in the UK. Events in the
format of Science Café in various areas of research are regularly held (starting from 2012) by the British Embassy in Moscow,
the Consulate General of Great Britain in Yekaterinburg together with the Federal State Budget Institution «Ural Branch of the

Russian Academy of Sciences» (UB RAS).

ConepkaHue XypHaa Beesrae No 10 oTpaxaeT mporpam-
My HaydyHoro Kadge, kotopoe cocrosiioch B IHCTUTYTE reosio-
run Komu HIL YpO PAH B pamkax pa3BUTHSI MEXIyHapOI-
HBIX Hay4YHbIX CBSI3€il ¢ BeaylMMM ydeHbIMU CayTreMNnTOHC-
koro u Kapnuddckoro yHuBepcuTeTOB — KpyMHENUIIMX Ha-
YUHO- MCCIIeoBaTeNIbCKUX LIEHTpOB Benukodbputanuu. Me-
ponpusitTust B popMare HaydyHoro kade 1o pasHbIM Hampas-
JIGHUSIM UCCJIeIOBaHUIA peryssipHo npooasTes ¢ 2012 roma
OpUTaHCKUM MOCONBCTBOM B MockBe, ['eHepaibHBIM KOH-
cynbcTBoM BennkoOputanuu B ExkarepuHOypre COBMECTHO ¢
OUIL YpO PAH.

Tema «YTo Ham MoryT pacckazarb O 3aKOHOMEPHOCTSIX
pa3BUTHUSL 3eMJIM J€BOHCKUE OTJIOXEHUSI APKTUKU» OOYCIIOB-
JieHa TeM, YTO B MOCJeNHUE AECIATUIETUS BHUMaHWE Hay4yHO-
ro MHMpa COCPENOTOYEHO HA U3YYEHUU TJIOOATbHBIX U3MEHEe-
HU#l Kiumara B ucropuu 3emsin. CorjacHO COBPEMEHHbBIM
MpeacTaBieHUsIM, buocdepa 3eMiu SIBISIETCSI CUCTEMOIA, pOJib
LIEHTpa KoTopoii urpaet xupoe BemiectBo. C XX Beka OKpy-
Kalollasl yeaoBeka cpefia — BaXHEHIMI 351eMeHT Ouocdepbl
— WCIBITHIBAET Ha ceOe OTpUlIATeNbHOE BIMSIHUE €ro xe Oyp-
HO paclIMpsiiolleiicsl MpOou3BOJACTBEHHOM nesaTebHOCTU. B
CBSI3U C 9TMM BaXXHOE 3HaYE€HME MUMEIOT TOUHbIEe 3HAHUSI O (DyHK-
LIMOHUPOBaHUM OUochephl B Ka4eCTBE IJI00ATbHON 3KOJOTH-
YEeCcKOI CUCTEMBI, O TIpenesiax ee ycroiuuoctu. [Toaromy He-
00X0IMMO M3Yy4eHMe 3BOJTIOLMU Ouocdepbl, ITaroB ee pa3Bu-
Tusl. McTouHuK dyHaaMeHTabHBIX 3HAaHU 00 3BONIOLUU
ouocdepsl 3emsin — uHGOpMalusl, 6a3upyrolasics B TIEPBYIO
ouepeib Ha JAaHHBIX MAJEOHTOOTUU, MAJIEOIKOJIOTUU U psia
JIpyrux HayK. B cOOTBETCTBMM C TEHIACHLMSIMU, CIOXMUBIIA-
MMUCSl B COBPEMEHHOI Hayke, B ITporpamme HaydyHoro kade
ObLIO 3aMJaHUPOBAHO OOCYKIEHUE KOMIUIEKCHBIX U pa3HO-
TJIAHOBBIX UCCJIEAOBAHUI POCCUMCKUX U OPUTAHCKUX YYEHBIX,
MPOBOAMMBIX B ADKTUYECKOI YacCTH CEBEPO-BOCTOKA €BpOMeii-
ckoit yactu Poccuu, Apkrudeckoit Kananpl, I'peHnanauu,
InuubepreHa.

B kayecTBe aKCIepTOB ObLIM MPUIJIAILEHBI YUEHbIE U3
BenukobputaHuu.

ITpodeccop JAncon Mapwana (J. E. A. Marshall) — nipu-
3HaHHBIM B HAYyYHOM MHpPE B 00JIaCTM HayK O 3emyie YIeHBIi
(crparurpadus v MaIMHOIOTKUS JEBOHA U KapOOHa, MaeoKII-
MaTUYeCcKHe U Tajeoreorpaduieckie peKOHCTPYKIIUM, IBO-
morus 6uocepst). 1. Mapiuania xopoito 3HaoT B Poccuu,
OH yYacTBOB&JI B HayYHBIX KOH(bepeHIMsIX B CHIKTBIBKape
(2002), HoBocudupcke (2014), Cankr-Iletepbypre (2017), B
TTOJIEBBIX SKCIEAUIIMOHHBIX paboTax Ha IEBOHCKMX pa3pesax
IMonsproro Ypana (2002), FOxHoro Tumana (2006—2013),
Canaunpa u Kysoacca (2011). JI. Mapiamn 6bl1 OpraHM3aTo-
poM OypeHus1 HaydyHoU ckBaXUHbI Ha FOxHoM Tumane c 1e-
JIbIO U3yJdeHUsI HanboJee CTpaTurpaduIecku MoJTHOTo (hpaH-
cko-dameHckoro pazpesa (2009 r.). JnurenbHoe Bpems
(c 2005 r.) coBmecTHO ¢ poccuiickum ydeHbiM O. I1. TenbHo-
BOI MPOBOIUT M3Y4EHUE AEBOHCKON MUKPOQYIOPHI U3 pa3pe-
30B ['pennanauu, nunbeprena, FOxHoro Tumana u apy-
rux TeppuTopuii. OH SBISETCS TTPEKPACHBIM OPTaHU3aTOPOM
MEXIYHapOIHBIX HaydYHBIX MEPONPUITUI (KOH(EPEeHIINIA,
TeOJIOTMIECKUX KCKYPCHIA) M PYKOBOTUTENIEM HAYTHBIX MEX-
JMYHAPOIHBIX TTPOEKTOB.

Kpucmoghep beppu (Chris Berry) paboTaeT CTapilMM Ipe-
nojaasaresieM najieodoraHuku B Kapauddekom yHusepcute-
Te. OH 00safaeT OrpoMHbIM ONbITOM (~ 30 JIeT) B U3ydyeHUuu
JNIEBOHCKUX GVIOp: M3YIUJ OCHOBHBIC TMaTc000TaHUIECCKIE
My3elHbIe KOJIJICKIIUA U SBJISIETCS BETEPAaHOM OOIIMPHBIX
nojeBbix KaMmnaHuii B Benecyane, Konym6uu, ApreHtune,
Cubupu, lOxnom u Cepepo-3ananHom Kutae, EBpore,
CIIA, nuubepreHe u 'peHaaHanu. AKIEHT B UCCIeq0Ba-
Husx K. Beppu nmenaer Ha TeX pacTeHUsIX, KOTOpPbIE JOCTUTIIN
JPEBECHOT'0 TabuTyca B CPEIHEM NEBOHE U TTO3TOMY copMU-
pOBaIM TiepBEIe Jieca B ucropuu 3emin. LInpoko M3BeCTHHI
ero pabotel 0 AeBOHCKUX Jecax «Gilboa» u «Svalbard».

C poccuiicKoii cTOpoHbl B HaydyHOM Kade yyacTBOBaU
HayJYHbIe COTPYIHUKM JIabOpaToOpuii CTpaTurpaduu, MajeoH-
tonoruu, uronoruu, reoxumun UI' Komu HL YpO PAH, a
Takke HaydyHble COTpyAHUKHU U npenofasarenu CaHkT-[lerep-
OyprcKoro rocyIapcTBeHHOTO YHUBEpCUTeTa (C TTPUBIICYECHH-
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[Mporpamma HayyHoro Kade
Science Café Program

eM cryneHToB), CaHkT-[letepOyprckoro rop-
Horo yHuBepcurera, BCETEW, boranuyec-
koro uHcrutyta uM. B.JI. Komaposa PAH.

Ha otkpbiTuM HayyHoro Kade ¢ mpuBeT-
CTBHEM YYaCTHMKOB MEPOIPHUSATHS U TIpel-
CTaBJICHUEM OPHMTAHCKOM JeJIeralliyl BBICTY-
nunu npeacenarens YpO PAH akamemuk
B. H. YapyumH u reHepaibHblii KoHCy1 Be-
aukooputanuu B ExatepunOypre Puuapn
Jbroamn. O HayyHoM Bkiane Komu HII YpO
PAH B u3yyeHue U oCBOEHUE apKTUYECKOM
TEPPUTOPUHN CEBEPO-BOCTOKA EBPOIEHCKOM
yactu Poccum pacckaszan Bpuo AuMpeKTOopa
®UIIL Komu HIIL YpO PAH . 6. 1. ipodeccop B. B. BononuH.
st rocreit Mmeponpusitusi Bpuo aupekropa MUI' Komu HLL YpO
PAH W. H. Bypues nposen 0030pHy0 3KcKypeuto B ['eonoru-
yeckoM Mmy3ee umeHn A. A. UepHoBa. 3atem oOllieHHE y4acT-
HUKOB HayIHOTO Kade MPpOIOLKMIOCh Ha HedopMaaTbHOM
YPOBHE B COOTBETCTBUU C «MeHIO». B HeM OBLIM BererapraHc-
KUe caiaTbl, B TOM YUC/IE U3 NaTe000TaHUYECKON U MaTUHOJIO-
TUYECKOM KOJUTeKIMi ['eoormyeckoro wmysess WMEHHU
A. A. YepHoBa. [Ins1 Tex, KTo He 0cobO0 3a00TUTCS O CBOei (hu-
rype — MsicHble W pbIOHbIe Oimona. Ha aecept Obliv momaHbl
«KOMU IIAHbI'W» (Tapesika ¢ JIEBOHCKMMU CIIOpaMHu).

of Science Café in UB RAS

OpraHu3aTopbl ¥ YYaCTHUKM Hay4HOT 0 Kade

Organizers and participants of Science Café

15—16 mas 2019 pabora HaydHOro Kade ObLIa MPOIOIIKe-
Ha B CaHkTt-IlerepOypre (Mmoneparop C. M. Chueupesckuii —
TIOLIEHT Kadenpel ocanouHoli reojioruu MHctutyta Hayk o 3eM-
Jsie CaHkT- [1eTepOyprckoro rocynapcTBEHHOIO YHUBEPCUTETA,
K. I.-M. H., IeWCTBUTEIbHBIN ujieH [laneoHTonornueckoro oo-
mwectBa npu PAH u Pycckoro reorpacguyeckoro o01iecTsa).

IMockonbKy B HAyYHOM pasfeliec JaHHOrO HoMepa TocTa-
TOYHO TTOJTHO M3JIOKEHO COlepKaHWe NOKIIAI0B, TIPEICTaBICH-
HBIX Ha HaydyHOM Kade B ChIKTBIBKApe, 31eCh, B pa3nene «Xpo-
HUKa, COOBITUSI, (haKThl», OOJIee MOJHO OTPAXKEHO ColepXKa-
HHE BTOPOM YacTW 3TOrO MEPONpPUSTHS.
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[TpuBercTBUe ['eHepanbHOr 0 KoHcys1a Benukoopuranuu B Exare-

puHOypre Puuapna Jlptoannga yyacTHUKaM HaydyHoro kade

(mepeBOAUYUK — COTpYAHUK [eHepalbHOTO KOHCYJIbCTBA
Benuko6putanuu B Exatepunoypre E. YecHokoBa)

Greeting from the Consul General of Great Britain in Yekaterinburg

Richard Dewell to the participants of Science Café (interpreter —

assistant of the Consul General of Great Britain in Yekaterinburg —
E. Chesnokova)

B Cankr-IlerepOypre 6puTaHCKUE KOJUIETH O3HAKOMU-
JIICh ¢ MaTepralaMy KOJUTeKIuii [1aieoHTOMOrnIeckoro mMy-
3es CIIOIY u Mysest mpuposbl U yesnoBeka (nageodboTaHuyec-
KOH KoJIIeKIueid, nepeaaHHoil 3 XaHTbl- MaHcuiicka), 1o-
cetunn Takxke LHUTP-myseit Bo BCEI'EUN (pernoHanbHblit
otnen [1aBHOTO 3ay1a) M U3YIWIIM MaTepUANTbl B ITAIe030iC-
KoM 3ajie MoHorpaduueckoro otnena HHUTP-wmyzes. 3nech
MOXHO OBLJIO YBUIETh IKCMOHATHI NBYX Koyutekumii M. 1. 3a-
siecckoro ¢ CeepHoro Ypaia (6acceiiH p. CeBepHoil CocbhBbI)
C TUMOBBIM MartepuaioM BunoB Moresnetia zalesskyi w Nyaissia
plumata. Kpome Toro, 60ybliylo 3aMHTEPECOBAHHOCTD Y
K. bappu BbI3Basia TUNOBas Kojuekuus: suaa Callixylon
trifilievii. Ocoboii oueHku JI. Mapiania ymocTOMINCh KOJUIEK-

[Mpodeccop dxon Mapiuamn (CayTreMNTOHCKUI YHUBEPCUTET)
u Bpro aupekropa T Komu HI[ U.H. bypues

Professor John Marshall (University of Southampton) and Acting
Director of Institute of Geology Komi SC UB RAS I. N. Burtsev

LMY TUIAYHOBUIHBIX Y WICHUCTOCTEOCTBHBIX paCTEHUI U3 3T-
PEHbCKUX OTJIOXXEHUI 1o Oeperam pek Manbst u Hsiiic (6ac-
ceitH p. CeBepHoii CocbBbI), a TakKKe KYIOJIOBUIHBIX 00pa3o-
BaHMi1 ¢ ceMeHaMH. PparMeHT MPEBHETO PACTCHUS C IBYMsI
(hepTWIIBHBIMKM 30HaMU Ha TOJIOM CTeOJie BBI3BAT YIMBICHUE
1 OBUT OTMEUYEH KaK HanboJiee MHTEPECHBIN U COBMECTHOTO
usydyeHusi. B npouecce obuienus O. I1. TeabHoBa, . Map-
want, C. M. CHUrMpeBcKuii 00CyIUIN TakXe Ipyrue BO3MOX-
HBIE HAIPaBJICHWS COBMECTHBIX MCCIICIOBAHUM.

OnnHoBpeMeHHO Kpucrogep bappu 3HakoMumics ¢ Kosuiek-
MMM TI0 HYDKHeMy-cpenHemy neBoHy [mundeprena u Cebep-
Hoit Hopeeruu (paiton XtosH-dbopna), coopaHHbiMU B 2001 1
2007 rr. C. M. CHurupeBckuM. Takke NPUBIEKIN BHUMaHUE
o0pa3ubl u3 kosutekuii CesepHoro TumaHa (BepXHMiA 1€BOH),
coopannbie JI. C. KoccoBbiM (1959—1969 rr.) u C. M. CHuru-
peBckuM (1993, 2016—2017 rr. — coBMecTHO ¢ A. 1. CUBKOBOI1).
Bonbiioit uatepec y K. bappu Boizeana npesecuHa Callixylon sp.
U3 MecToHaxoxaeHust Ha p. Cschb (BepxHUil aeBoH). [Tomolp B
O3HAKOMJICHWY C MaTepraiaMy OKa3bIBIU CTYIEHTKU 4 Kypca
CIIoI'Y Anna Cukosa 1 Mapust boObLiéBa.

BputaHckue ydeHble TTOCETUIN TaKXe boraHmuyeckmit
my3eit (boranunueckuit uHcturyt um. B. JI. Komaposa PAH),
r7ie BHUMaTeJIbHO U3yYwin apeBecuHbl Buna Callixylon trifilievii
U3 TUIIOBOTO MecToHaxoxaeHus: JoHOacca (BepXHMil 1EBOH).

Hoxtop K. beppu (Kapauddckuit yHuBepcuTeT), BpUO IUPEKTOPa
NI’ Komu HI W.H. Bypues, I'eHepanbHbIii KOHCYa Benuko-
oputaHuu B Exarepun6ypre Puuapn JIbroas

Dr. C. Berry (Cardiff University), Acting Director of Institute of
Geology Komi SC UB RAS I. N. Burtsev, Consul General of Great
Britain in Yekaterinburg, Richard Dewell

31ech xe cocTosiack Berpeva IxkoHa Mapiuania ¢ co-
TpynHukoM ['opHoro wuHcruryta n. r.-Mm. H. E. JI. Muxaiino-
BOii 1 ee MononbiMu Kojuteramu. Kpucrogep bappu ocMor-
pest KouieKluu apeBecud u3 JloHelkoro 6acceiiHa, cobpaH-
Hoie B 1979—1981 rr. H. C. CHurupeBckoii npu y4yactuu
C. M. CHUTMpPEBCKOTO, B TOM YMCJIE U3BECTHBIA BU]I
Cladoxylon tanaiticum, npencTapsIIOIIMI COOOI caMylo IpeB-
HIOI0 GOpMy JTMaHBI. PsIl OTTMCKOB PYyCCKOSI3BIIHBIX pabOT
H. C. Caurupesckoit Kpucrodep bappu nmonyuusn B nona-
pok. MHTeHcHBHas paboTa ¢ KOJUIeKLMSIMU ObUla 3aBepliie-
Ha TIPOTYJIKOM 1Mo TapKy boraHmdveckoro cana.

«St. Petersburg was excellent. Sergei looked after us very well.
Chris was very impressed with the collections and the city. He will
be back». bputaHckue Kojuleru o6eiaiv BEpHYThCS, U Mbl
OyeM pambl TPOIOJKUTD COTPYTHUIESCTBO C HUMU. DTH BCTpe-
YU CITOCOOCTBYIOT TTPONYKTUBHOMY M3YyYCHUIO APKTUKU KaK
OTHOTO M3 BaXXHEUIIMX 3JIEMEHTOB MaJCOPEKOHCTPYKITNIA
(KIMMaTuyeckux, reorpauyeckux u Ap.).

XodeTcss UCKpeHHe TT00IarogapuTh MHUITMATOPOB 3TO-
r0 OYeHb HYXHOTO TSI MEXKIYHApOIHOTO COTPYIHUYECTBA
Meponpusitus: akagemuka B. H. YapyumHa, I'eHepaibHOro
koHcyna Benukobpuranuu B ExkarepunOypre Puvapna Jdbto-
9JI1a, COTpyIHUKa KOHCynbcTBa EneHy YecHOKOBY M OCHOB-
HBIX OPTaHM3aTOPOB CHIKTHIBKAPCKOTO HAayYHOTO Kade —
W. H. bypuesa, 1. B. Ko3bipeBy, a Takxke BceX eKaTepuH-
OYpPICKHMX M CHIKTBIBKAPCKUX YIACTHMKOB 3TOTO COOBITHSI.

J. e.-m. 1. O. Teavnosa
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ORGANIZING AND EVALUATING SCIENTIFIC AND ACADEMIC WORK AT THE UNIVERSITY OF SOUTHAMPTON
OPTAHM3AUMS W OUEHKA HAYYHOR W YYEGHOH PAGOTHI B CAYTTEMATOHCKOM YHHBEPCHTETE

Baseo on n nerort By Proressor ). MarsnaLL

In recent years, in connection with the reorganization
of the Russian Academy of Sciences, attempts have been
made to restructure the style of work of Russian researchers
according to global standards. The criteria for evaluating the
work of scientists are discussed as the basis for developing a
decision on financing a scientific project. In this regard, the
experience of cooperation with the National Center for
Oceanography and the University of Southampton may be
interesting. In 2017, Professor John Marshall, the Head of
the Geology Degrees in the Department of Earth Sciences
at the School of Ocean and Earth Research (Southampton

UNIVERSITY OF

Southampton

University, National Oceanographic Center) visited the In-
stitute of geology of the Komi Scientific Center. Professor
John Marshall made a presentation on “Organization and
Evaluation of Scientific and Academic Work at the Univer-
sity of Southampton” for employees of the Institute of Ge-
ology and teachers of the Department of Geology at the Syk-
tyvkar University.

The University of Southampton is a fairly large univer-
sity with 16,200 undergraduate students and 6,900 graduate
students. Among them 7,700 students came from outside the
UK from 143 countries. The training process is led by 6,000
employees working in 6 campuses — four in Southampton,
one in Winchester and one international branch in Malay-
sia. The university has 8 faculties and within Ocean and Earth
Science there are 6 research groups (marine biogeochemis-
try, paleo-oceanography and paleoclimate, marine biology
and ecology, physical oceanography, geochemistry, geology
and geophysics).

In the UK, and more correctly in England, universities
are a business. Education is involved in market relations. It is a
specific product and should be «measured». Therefore, rating
tables have been developed for research (Research Excellence
Framework (REF)) and teaching (Teaching Excellence Frame-
work (TEF)).

Every 5—7 years, the national committee evaluates the
results of the scientific activities of each scientist. Based on this

Ws noxnapn neooeccopn JI. Mapwanna

B nocnenHue ronsl B cBsi3u ¢ peopranusauuveit PAH
MPeANPUHUMAIOTCS TIONBITKY MEPECTPOUTH CTUJIb PadOThI POC-
CUICKUX YYEHBIX B COOTBETCTBUM C OOLIEMUPOBBIMU CTaHAAp-
TaMu. OOCYXAal0TCsl KPUTEPUM OLIEHKM PabOThI YUEHbIX KaK
OCHOBBI TSI BBIPAOOTKU pelleHus1 0 GMHAHCUPOBAHWUU Hayy-
HOro npoekTta. B 3ToM njiaHe MoXeT ObITb MHTEPECEH OIBIT
lxonel n3yyenus: okeaHa U 3emu (CayTreMIITOHCKUIA YHU-
BepcuteT, HaumoHanbHbIl oKeaHorpaduueckuii ueHTp). B
2017 rony ¢ HayuHbIM BuzutoM MHcTutyT reonorun Komu HII
nocetus npodeccop xoH Mapiuamui, pyKoOBOIUTENb Aernap-
TameHTa reosoruu LKosbl n3ydyeHust okeaHa u 3emiu. s
COTPYAHMKOB MHCTUTYTA U Tperojaasateneil kabeapbl reosio-
ru ChIKTBIBKAPCKOTO YHUBEPCUTETA OH CleJial JOKJaa Ha
TeMy «OpraHusauus 1 olieHKa Hay4HOU 1 yueOHoli paboThl B
CayTreMITOHCKOM YHUBEPCUTETE».

DTO AOCTAaTOYHO KPYITHBII YHUBepcuTeT. B Hem o0Oyua-
forcst 16 200 ctyneHToB 6akaimaBpuara U 6900 acripaHToB. B
ux uucne 7700 cryneHToB u3 143 crpaH. [1poueccom oGyue-
HUs pykKoBomAT 6000 coTpyIHHUKOB, pabOTAIONMX B IIECTU
KamIycax, 4yetbipe u3 Hux — B CayrreMnToHe, oivH — B BuH-
yecTepe U ONUH MEXIyHApOOHbIN ¢uivan — B Manaiisuu. B
YHUBepcUTeTe 8 (haKkyJbTETOB M 6 MCCIEMOBATEILCKUX TPYITIT
(Mopckast buoreoxumusi, najieookeaHorpadpusi U NaaTeoKIu-
Mar, MopcKasi OMOJIOTUST U IKOJIOrusi, huznyeckasi OKeaHor -
padusi, TeOXUMMSI, T€OJIOTUsl U reoPu3uKa).

B BenukobputaHuu, a TouHee B AHIJIMU, YHUBEPCUTETHI
— 310 O6usHec. OOpa3oBaHUe YJacTBYET B PhIHOUHBIX OTHOLLE-
HUsIX. OHO SIBIISIETCST OIPEIEIEHHBIM MPOTYKTOM U JJOJIKHO ObITh
«u3MepeHo». [Toaromy pazpaboTaHbl PEATUHTOBbIE TAOIMLIBI TSI
uccnenosanuii (Research Excellence Framework (REF)) u npe-
nonaeaHus (Teaching Excellence Framework (TEF)).

Kaxapie 5—7 neT HauMOHaTbHBIA KOMUTET OLIEHUBAET
Ppe3yJabTaThl HAYYHOI NESITeNbHOCTU Kaxaoro yyeHoro. Ha oc-
HOBE 3TOI OLIEHKW MHCTUTYTY MPUCBAUBAETCSl PEUTUHT. Yuu-
TBIBAETCSl KOJIMYECTBO cTareit (4 crtaTbu), AOXOMA OT I'PAHTOB,
YUCJIO aCUPAHTOB. TPEThsl YacTh OLIGHKU YYUTHIBAET Hay-
HO-TIOMYJISIPHbIE CTaTbU, BIAMSIHUE HA ILMPOKUIA KpYyr oOlie-
CTBEHHOCTU, WH(HOPMUPOBaHUE OOLIECTBEHHOCTU 00 uccle-
NIOBaHUSIX, yUacTUe B pa3paboTKax MPUOPUTETHBIX TeM, Ha-
MpUMEP HOBOI'O MHCTPYMEHTA OLIEHKU PaIMOaKTUBHBIX OTXO-
JIOB JIJIs1 aTOMHOTO CEKTOpa, CTpaTerny MCCAeAO0BaHUSI 0Caaou-
HbIX 0acceliHOB, OLEHKU YIJIEBOAOPOIHBIX KOJIJIEKTOPOB MO/ -
BOIHOT'O CJIOSI C MOMOILBIO MOPCKOM 27IeKTPOMarHUTHOI reo-
du3nyecKkoil CbeMKHU, MOBBILLIEHUS OCBENOMJIEHHOCTU O ObI-
CTpOTE U3MEHEHMI YPOBHSI MODSI M KJIlMMara B MPOLUION McC-
TOpUU 3eMJIM U MOMOILIM AUPEKTUBHBIM OpraHaM B IJIAHUPO-
BaHUU.

Baibl cymmupyloTcs, a 3aTeM IesITCs Ha KOJIMYECTBO
COTPYIHUKOB, YTOOBI MOJYYUTh (DUHAHCUPOBAHWE HA CJELy-
toumit nepuon, REF. Takum o6pa3zom, Npu yBeJTMYEHUU KO-
JIMYECTBA COTPYAHUKOB YMeHbUIAeTCsl (PUHAHCUPOBAHUE.
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rating, the institute is assigned a rating. The number of articles
(4 articles), income from grants, and the number of graduate
students are taken into account. The third part of the assess-
ment takes into account popular science articles, the impact on
the general public, informing the public about researches, par-
ticipating in the development of priority topics, for example: a
new tool for assessing radioactive waste for the nuclear sector,
research strategies for sedimentary basins, and assessing hydro-
carbon reservoirs of the underwater layer using the marine elec-
tromagnetic geophysical surveys, raising awareness of the rate
of change of sea level and climate in the past history of the Earth
and help policy makers in planning.

The points are added up and then multiplied by the num-
ber of employees to receive funding for the next REF period.
Thus, with an increase in the number of research active em-
ployees, funding is increased. Therefore, it is assumed that lab-
oratory work (primary processing of material) is carried out by
graduate students. English professors, like scientists, must in-
crease university income by recruiting graduate students and
winning research grants.

In the UK, the main grant provider is NERC (National
Environmental Research Council). Grants range from 25,000
to 800,000 pounds, which are sent to organize laboratories, sup-
port technical staff, attend conferences. NERC grants cover high
overhead costs. In 2009, NERC allocated a grant of £ 70,000 to
drill the Sosnovka-1 borehole in South Timan. However, the
grant holder received only £ 25,000 for drilling.

Grants from the Royal Society, the National Geo-
graphic Society, and other societies do not have overhead
costs. Therefore, they are «not liked» by the leadership of
the university and are assessed low during the assessment
of a scientist.

Every university professor should be an active researcher.
Researchers are in great competition for a grant. For example,
Professor John Marshall, who focused researches in the field of
palynology, has received 3 NERC grants in palynology and 2
grants from EPSRC (Engineering and Physical Scientific Re-
search Council) for processing of geological wastes and organic
substances since 2009. To maintain the technical staff, you have
to use every opportunity and cooperate with specialists of vari-
ous profiles. Funds also come from oil and gas companies for
consultations and targeted training of graduate students and from
grants from the European Community, together with geologists
from other universities.

However, professors receive their main income from teach-
ing. Each student pays the university £ 9,000 a year, regardless
of specialty. The government gives students a loan for educa-
tion and accommodation (another 3,000 pounds). The univer-
sity takes about 30 % to support the administration, library, stu-
dent premises (gym, etc.), the rest is paid to teachers. Students
start paying a loan (9 % of their income) after graduation for 30
years, if they earn more than 25,000 pounds a year.

Less than half of the loans are usually returned, so the govern-
ment is looking to transfer loans to a private bank. The total stu-
dent loan debt in the country reaches £ 100 billion and is growing!

Apparently, it can be assumed that education in England
did not become a full-fledged market. And fierce competition
for grants, without guaranteed support for scientific research,
compels many universities to be engaged only in teaching. Such
universities teach most UK students!

Head of Geology Degrees, jeam @soton.ac.uk

The text of the report (fragment) was translated
and prepared for publication by
D. Sc. O. Tel’nova, K. Ordin

[ToaTtomy mpenronaraercs, 9To JlabopaHTcKasi padora (Tiep-
BUYHas1 00paboTKa Marepuasa) IPOBOIUTCS acIMpaHTaMU.
AHTIMIIcCKUEe TTpodeccopa KaK yueHbIe TOJDKHBI TTOBBIIIATh
JIOXOJl YHUBEPCUTETa, HAHMMAsT acCITUPAaHTOB M BBIUTPHIBAs
HCCITeNOBATEIbCKIE TPAHTHI.

B BenukoOpuTaHUM TJIaBHBIN MOCTaBIIUK I'PAHTOB -
NERC (CoBer no ucciaenoBaHUIO OKpyxXatoliei cpeabl). Pa3-
Mep IPaHTOB COCTaBJISIET OT 25 ThIC. 10 600 ThIC. (yHTOB CTEP-
JIMHTOB, KOTOpPbIC HAIIPABJISIIOTCS Ha OpraHU3alnio jJabopa-
TOPHI, ONAEPKKY TEXHUIECKOTO MepcoHana, MmoceleHue
koHdepeHuuit. 'pantel NERC nokpbiBaloT BblICOKME Ha-
kinaaHble pacxonbl. B 2009 rony NERC Bblnenui rpaHt B pas-
mepe 70 ThIC. (PyHTOB CTEPIMHIOB Ha OypeHue cKBaKUHbI Co-
cHoBKa- 1 Ha KOxxHom Tumane. OnHako Ha opraHu3aluio oy-
pEeHMS TPaHTOIEepPXKaTeb MOJIYYHUS TOJBKO 25 THIC. (YHTOB
CTEPJIMHTOB.

I'pantel Koponesckoro obmiecrBa (Royal Society), Ha-
LIMOHaJbHOro reorpaduueckoro obmectBa (National
Geographic Society) 1 apyrux oOILECTB He UMEIOT HaKJIaIHbIX
pacxomoB, TTO3TOMY OHU «HE HPABATCS» PYKOBOICTBY YHHUBEP-
CUTETa M TIPU aTTeCTalli YYSeHOTO OICHUBAIOTCS HU3KO.

Kaxmprit ipermonaBaresib YHUBEPCUTETa TOJDKEH OBITH aK-
TUBHBIM HccienoBatesieM. VccaemoBarenu HaXomsITcsl B KOH-
KypeHTHOI 0opbOe 3a mosiydeHue rpaHta. Hanpumep, npo-
deccop JIxxon Mapiuani (ocHOBHast cdepa HayYHOH AesiTesTb-
Hoctu — nanuHosorus) ¢ 2009 rona nmomyuus 3 rpanta NERC
no nanuHosioruu u 2 rpanta EPSRC (Coger no nHxXeHepHbIM
1 GU3NIECKUM HayIHBIM MCCICIOBAaHUSAM) IO TTepepaboTKe
reoJIOrMYEeCKMX OTXOIOB M OpraHM4yeckKux BeiecTB. st ¢um-
HaAHCOBOM TTOMIEPXKN TEXHUIECKOTO TIepCOHATA TTPUXOIUT-
Cs1 MCITOJIB30BAaTh JIIOOYI0 BO3MOXHOCTh M KOOIIEPUPOBATHCSI
CO CITeIATNUCTaMA Pa3HOro mpodwis. JIeHbru Takke MocCTy-
TMaloT OT Hedrera3oBhIX KOMITAHUI 3a KOHCYJIbTAIIUU W IIejie-
BYIO TIONTOTOBKY acCIUPAaHTOB U IO TpaHTaMm EBporreiickoro
cooO01ecTBa.

OcHOBHOI1 moxon Tpodeccopa MoyJarT OT Mperona-
BaTeIbCKOM paboThl. KaXkmplil CTYIEHT TJIaTUT YHUBEPCUTE-
Ty 9 ThIC. yHTOB CTEPJIMHTOB B T'OMI, HE3ABHCHUMO OT CITCITN-
abHOCTU. [1paBUTEBCTBO HaeT CTyIACHTAM KPEIUT Ha obpa-
30BaHUE M TPOXUBaHUE (ele 3 ThIC. (GYHTOB CTEPJIMHTOB).
YHuBepcuter 6epet npuMmepHo 30 % Ha MOOAEPKKY aagMU-
HUCTpallMd, OMOIMOTEKU, CTYHIEHUYECKHUX ITOMEIIeHWA
(CTIOPTUBHOTO 3ajla W Ap.), OCTATHHYIO CyMMY BBITUTAYMBACT
npeniogaBaresisiM. CTyIeHTHl HAYMHAIOT BO3BpAIaTh KPEIUT
(9 % ot cBoero moxona) Mocjie OKOHYAHWS By3a B TEUCHUE
30 set, ecnu 3apadarbiBaloT Oosee 25 ThiC. yHTOB CTEPJIMH-
TOB B TO[I.

OOBIYHO BO3BpAIIAETCS MEHEe TIOJIOBUHBI KPEIUTOB, TI0-
5TOMY TIPaBUTEBCTBO UIIET BO3MOXHOCTD TepeaaTh Kpemy-
THI YacTHOMY GaHKy. OOIast 3aI0JKEHHOCTh IO CTyIeHYeC-
Koi1 ccyne B crpaHe mocrturaer 100 MuwiuapaoB yHTOB cTep-
JIMHTOB W MPOIO/IKAET pacTu!

[To-Bumumomy, obpazoBaHue B AHTJIUM HE CTAIO TTOJI-
HOIICHHBIM PBIHKOM. A 3KeCTKasi KOHKYPEHITUS 3a TTOJTydeHUe
IPaHTOB 0e3 TapaHTUPOBAHHOM ITOMIEPKKN HAYTHBIX HCCIIe-
JIOBAHWI1 3aCTaBJISIET MHOTME YHUBEPCUTETHI 3aHUMAThCS TOJTb-
KO TIperiofaBaHueM. Ml B TaKWX YHUBEPCUTETAX YIUTCS OONb-
IIMHCTBO CTYIEHTOB BenmkoOpuTaHuy.

Texcr noknana (pparMeHT) nepeBen
M TIOATOTOBWIIM K TTYOJIMKALIMK
M. e.-m. 1. O. Teavnosa, K. Opoun
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The All-Russian Conference «Geochemistry of oil and gas, source rocks, coal and oil shale» was held in October 14—16,

2019 on the platform of the Institute of Geology named after Academician N. P. Yushkin together with the Scientific Council of
RAS on the problems of the geology and development of oil, gas and coal deposits.

The conference addressed a wide range of issues on the evolution of formation of organic matter of oil source rocks, oil
shales and coals, as well as the study of molecular composition of oils and structural features of various biomarker hydrocarbons.

14—16 okts16pst 2019 roma B ChIKTBIBKape BIIEPBBIE TIPO-
uwta Beepoccuiickasi HayuHas KoHpepeHmst «['eoxumust Hed-
TH ¥ Ta3a, HeTeMaTepHCKUX TTOPOJ, YIJIA U TOPIOYMX CIIaH-
1IeB», Ije MpUHsUIM ydactue 6osiee 150 HaydHbIX paOOTHUKOB,
TIpeACTaBUTENICH TPOM3BONCTBCHHBIX OPraHU3aIMiA, aciMpaH-
TOB M CTyIeHTOB U3 MockBbl, BranuBocroka, HoBocubupc-
ka, Tomcka, Ilepmu, Kbizbina, Yxtel, ChikThiBKapa, Kemepo-
Bo u CaHkT-IlerepOypra. OCHOBHOI 1ieJibI0 KOH(pepeH I
SIBJISIOCH TIPENCTABIICHNE W aHATU3 TTOCIETHUX HaydHBIX 10-
CTIDKEHUI B 00JTACTH TEOXMMMM HMCKOIIAeMOTO OpraHWIecKo-
TO BeIecTBa, HedTH, Taza, I U TOPIOYMX CIIAHIICB.

OpraHuzaropbl KOHGepeHIIMu — MHCTUTYT reonoruu
umenu akagemuka H. Il. FOuxkuna Komu HLL YpO PAH u
Hayunbiit coBer PAH 1o npoGsiiemaM reojioruu U pa3paboTKu
MeCTOpOXIeHUI HedTH, rasa u yriusd. [IpencraBUTeTbHBIM
COCTaB OPTKOMUTETA MO/ MpeacenaTesibCTBOM akaaeMuKa
Anekcest DmunbeBudya Kontoposuua (MHIT CO PAH, Ho-
BOCHMOMPCK) BKITIOYAT IIMPOKO M3BECTHBIX CITEIIMATMCTOB B
obsactu HedTSHOM, YrOJbHON F€OXMMUU U HAyK O 3emiie:
yneHa-kopp. PAH B. A. Kanmpuesa (MHIT CO PAH, Ho-
BocHOMpCK), A. T.-M. H. JI. A. bymmnesa (UT" ®UILL Komu HII,
¥pO PAH, CeikrbiBKap), akagemuka A. M. Acxabosa (UT'
Komu HII YpO PAH, CeiktbiBKap), a. r.-m. H. C. . ApOy30-
Ba (TITY, Tomck), a.r.-M. H. T. K. baxenosy (BHUI'PU,
Cankr-IlerepOypr), k. r.-m. H. K. H. bypuesa (MU' Komu HILI
¥YpO PAH, CriktbiBKap), 1. x. H. A. K. I'onosko (MXH CO
PAH, Tomck), a. r.-m. H. . B. I'onuaposa (TomckHHUITU-
Hedrb, ToMck), a. r.-m. H. I'. H. Topnanze (PTY Hedru u raza
(HNY) umenu U. M. I'yobkuna, Mocksa), 1. r.-M. H. M. B.
HaxuoBy (BHUT'HU, Mocksa), a.r.-m. H. I'. A. KanmbikoBa
(MT'Y, Mockga), 1. x. H. A. JI. Makcumosa (MHXC PAH,
Mocksa), . x. H. FO. ®. ITarpakoBa (1Y CO PAH, Kemepo-
BO), . X. H. M. b. CmupHosa (MHXC PAH, Mocksa),
n.1.-M. H. 5. 3. FOnosnua (MUI" Komu HII ¥YpO PAH, Coik-
ThIBKAp), K. I.-M. H. H. B. TIponuny (MI'Y, Mocksa).

Pabota koHdepeHuu ocBeianacb B CMU: https://
www.bnkomi.ru/data/news/101416.

MIH,[HH]]HEEI[HE
GEOCHENISTRYNO R0 IANDNGAS S UURCERROCKSSGORIWANDRO RS HALE

IMopsinka 42 KpynmHBIX HaydyHO-MCCIEN0BATEIbCKUX U
TTPOU3BOICTBEHHBIX OPTaHU3AIMIA, a TAKKE BBICIIINX YU4EOHBIX
3aBefeHUil Poccuu u GivkHero 3apy0exbsi y4acTBOBAJIO B pa-
0ote KoHdepeHuMU. Matepuanbl KoHdepeHIUU ObUTU Omyo-
JIMKOBaHbl B BUE COOpHMKA, BKJItouatouiero 6ojee 70 Te3u-
COB JIOKJIAIOB 00BEMOM 152 cTpaHUlIbl. DJIEKTPOHHbIN Bapu-
aHT cOOpHUKA B HaCTOsIIee BpeMs IOCTyIleH Ha caiite MH-
crutyta reojoruu (https://www.geo.komisc.ru).

Ha otkpsITin KOH(epeHIIMM K YIaCTHUKAM C TIPUBET-
CTBEHHBIMHU CJIOBaMH OOpaTWIIMCh BpUO mupekTopa MHCTHTYTA
reosioruu K. r.-m. H. M. H. Bypies, a Takxke oT UMEHM aKkanemMu-
ka PAH A. B. KoHtopoBuua ujeH-KoppecnonaeHt PAH
B. A. KaumipiieB. OHU NOXenaau UHTEPECHBIX JOKJIIOB, IO~
JIOTBOPHOI pabOThl U YCIIEXOB BCEM YYACTHUKAM KOH(EpEeHIIMH.

3a Tpu JHS paboThl KOHMEPEHLIMU ObLIM 3aCIylIaHbl Iie-
HapHBIE W YCTHBIE MOKJIAIbI, COMPOBOXIABIIMECS TEMOHCT-
PalMOHHOI IpadMKoil U OYpHBIM OOCYXIEHUEM, TAKXKE ObLIN
PacCMOTPEHBI CTEHIOBHIC JTOKIIANEI.

B pamkax KoH(}epeHIIMHU COCTOSIIIOCh 3HAKOMCTBO y4acT-
HUKOB KOH(bepeHLIMU ¢ JJabopaTopHOI 6a30ii U crienuaiuc-
TamMu MHCTUTYTA reooruu, a Takxxe Oblia MpoBeneHa dKCKYp-
cust B ['eonornueckom mysee um. A. A. YepHoBa.

Ha xoHdepeHMuy ObUT 3aTPOHYT IIMPOKMIA KPYTr BOIPO-
COB, TIOCBSIIEHHBIX 3BOJIOIMN (POPMUPOBAHUS COCTAaBA Opra-
HUYECKOro BelllecTBa HedTeMaTepruHCKUX MOPOJ, TOPIOYUX
CJIaHLIEB U YIJIeH, a Takke U3YYEHUIO0 MOJIEKYJISIPHOTO COCTaBa
HedTell U 0COOEHHOCTSIM CTPOEHUST Pa3HOOOPa3HbIX YIJIEBO-
noponoB-0oromMapkepoB. Llesbiil 610K paboT ObUT TOCBSIIEH MO-
JeJIMPOBaHMIO TIpolieccoB HedrerazoodbpazopaHusi. bosbliioe
KOJIMYECTBO JOKJIAAOB ObLIO MPEACTaBIeHO MO (hpaKIMOHUPO-
BaHUIO CTAOUJIbHBIX U30TOIOB YIJIepoaa UCKOMAeMOro OpraHu-
YEeCcKOro BelllecTBa U Hedreil. YrojbHasg Temaruka BKiIodaia
HCCIeI0BaHUsI MUKPOJIEMEHTHOTO COCTaBa U OCOOEHHOCTU
MeTporpacdIecKoro CTPOCHMST YIJiei, OpraHNIecKylo TeoXH1-
MUI0 yriieit, B ToM uncie [ledopckoro yrombHoro dacceiiHa, u
BO3MOXKHOCTEH TTOTydeHUsI Ha X OCHOBE O€330JIbHBIX BUIOB
TBEPmoro TorumBa. [IpencrapieHHbIC JOKIAIbl TOKA3ATH BbI-
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COKMIA YPOBEHb MCCJIEOBAHUIA IO OPraHWYECKOM FeOXMMUN U
HOBBI BBIXOJI Ha COBPEMEHHBIE METOIBI MCCIICIOBAHNS, BKITIO-
yarollMe ABYMEPHYIO Ta30Byl0 XpOMAaTO-Macc- ClIEKTPOMETPUIO,
nByMepHyio 13C SIMP-crieKTpoCcKOmnmio, Macc- ClIeKTPOMETPHUIO
M30TOITHBIX OTHOIICHUI [T MHAWBUAYATGHBIX YTJICBOIOPOIOB.

OTKpbLI MJIeHapHOe 3acefanue 1. r.-M. H. . A. BymHes
(MT ®UL Komu HII YpO PAH, CeikteiBKap). Ero mokmnan
OBUT TIOCBSIIIEH M30TOIMA YTJIepona MHIUBUIYATbHBIX COSIH-
HEHUI B MCCIIEIOBAaHUAX HE(TH M OpraHMIECKOTO BelllecTBa
HedreMarepuHckux nopon. Jlanee ObLIM 3acaylliaHbl TOKJIa/bL:
n.r.-Mm. H. E. A. Tony6esa (MUI' ®UILL Komu HII YpO PAH,
CbIKTBIBKAp) — 0 pa3BuTuu uneit akanemuka H. I1. FOnikunHa o
HaIMOJICKYISIPHOM CTPYKTYPMPOBAaHUU B TBEPABIX OMTyMax,

[nenapnsbiit noknan ui.-kopp. PAH B. A. Kamupnesa (MHIT CO
PAH, HoBocu6upck)
Plenary report by RAS Corr. Member V. A. Kashirtsev (IPGG SB
RAS, Novosibirsk)

n.r.-Mm. H. I'. H. Topnanze (PI'Y Hedru u raza (HHUY) umenu
W. M. I'yokuHa, MockBa) — 0 3HaYEHUM TTPOKAPUOTUYECKUX
OpraHW3MOB B 00pa30BaHWM YTJICBOAOPOMOB HedTH, 1. X. H.
M. b. CmupnoBa (MHXC um. A. B. Tonuuea PAH, Mocksa)
— 0 TIpoOIeMax TPy M3YyYCHUM COCTaBa HedTell U pacCesTHHOTO
opraHuyeckoro Bemiecrsa. Joknan wieHa-kKopp. B. A. Kammp-
uesa (MHIT CO PAH, HoBocubupck) ObLT MOCBSIILEH OOHA-

. r.-m. 1. I'. H. Topnanze u . x. H. M. B. T'upyu (PT'Y HedTu 1 raza
(HAY) um. U.M. I'yokuHa, MockBa) NpeicTaB/siOT CTeHIOBbIE
JOKJ1aIbl
D. Sc. G. N. Gordadze and D. Sc. M. V. Giruts (Gubkin
University, Moscow) represent their poster reports

O.r.-m. H. 1. A. bymines (MI' ®UL[ Komu HII ¥YpO PAH,
CbIKTBIBKAp) OTBEYACT Ha BOMPOCHI K MJICHAPHOMY JOKJIaay
D. Sc. D. A. Bushnev (IG FRC Komi SC UB RAS, Syktyvkar)
replies to questions to his plenary report

PYXEHUIO TUMETWJIATKAHOB C YeTHBIM KOJIMYECTBOM aTOMOB
yIJIEpoAa B COCTaBe OPraHWYecKOro BEIleCTBa BEHICKMX BbICO-
KOITPeoOpa30BaHHBIX OTJIOXKCHUIA.

B uTOroBBIX peleHns X KOHMEPEHIINY B CBSI3U C aKTHB-
HBIM COKpallleHWEeM 3aracoB He(Ty ObLIT MPeaIoXeH CUCTEM-
HBIY TIOAXON K JACTATHHOMY JOU3YYEHUIO OpPraHMYecKoro Be-
1IecTBa JoMaHUuKoOBol ¢opMaluu Bosro- Ypansckoit u Tu-
MaHo- [Teyopckoii HedTera3oHOCHbIX MPOBUHIINI, OaXKEHOB-
ckoii ¢BUTHI 3aranHoii Cuburpu, a TakKe KyoHaMCKOi Kap0o-
HaTHO-cnaHueBoi (opmaiu BoctouHo- Cubupckoil miaar-
hopMBI KaK HETPaTMIIMOHHBIX UCTOUHUKOB YTJIEBOMOPOITHO-
ro ceIpbsa. OMHUM U3 KITIOYEBBIX MOMEHTOB CTAJIO CO3IaHUE
TIPOTPaMMBI TIO Pa3BUTHIO YTIIEXUMUUECKON 0a3bl KaK TOTLIMB-
HO-3HEPreTMYecKoro 1eHTpa, COCTaBJISIIONIEr0 OCHOBY pOCTa
5KOHOMUKH HE TOJIBKO PECIYOTMKH, HO W CTPAHBI B IIEJIOM.
Kpome Toro, 06bU10 1aHO HECKOJIBbKO aKTYaJIbHBIX PEKOMEH1a-
LA TI0 MCTIOTH30BAHUIO MPSMBIX TCOXMMUIECKUX METONOB
TIPY TIOMCKE M pa3Belnke HeTSIHBIX MECTOPOXKICHUH, a TaKKe
OTMeueHa HeOOXOAMMOCTh aHaJlU3a cOCTaBa OPraHMUYeCcKOro
BelllecTBa M Hepreil Mo cTaHIapTHRIM TTapaMeTpaM. BBUTo BhIc-
Ka3aHO MHEHHME O BAKHOCTH (hPOPMHMPOBAHUS SIUHOMN POCCHiA-
CKOI 0a3bl KEpHOBOTrO Marepuaia U Koyuiekimu Hedreid. [Toa-
HUMAJICSI BOIIPOC O TTOATOTOBKE MOJIONBIX CITCIIMAICTOB B CH-
CTeMe BbICIIIMX YYE€OHBIX 3aBENeHUI U paboTe JuccepTalMOH-
HBIX COBETOB MO MPOMUII0 «OpraHUYeCcKasi TeOXUMUsI». YKa-
3bIBAIOCHh Ha HEOOXOIUMOCTb COJIMKEHUSI ¢ TTPOU3BOJCTBEH -
HBIMU OpPTaHHU3AIVSIMU.

B 3aknoumnTenbHOIl IMCKyCCUU ObLT OTMEYEH BBICOKMIA
YPOBEHb MCCJIENOBAaHUI B 00J1aCTM OPraHUYeCcKOl IreOXMMUMU,
TTPOBOAMMEIX B Pocciy B 11eTOM M B YaCTHOCTH CHIKTBIBKApC-
KUMU y4€HbIMU. B KauecTBe omHOro M3 IUIFOCOB KOH(EPEH-
LIMM OBbLJIO HAa3BAHO y4acTUE 3HAYMTEbHOIO KOJIUYECTBA MO-
JIONBIX CITEIAATIUCTOB. YUAaCTHUKU KOHMEPEHIIMN OTMETHIIN
BBICOKMIT YPOBEHb OPTaHW3AlIMU Y TIPOBEICHUS, a TAKKe TIper-
CTaBJIEHHBIX JOKJIAIO0B, 11€71eCO00pPa3HOCTb MOJOOHBIX KOHde-
peHIMil. Bee BBITIieckasaHHOE Ja€T OCHOBaHWE CYMTATh IPO-
BENEHHYIO KOH(GEPEHLIMIO YCIEeIHONW W MOJIe3HOM MJisl Crelu-
JIKMCTOB B JAHHOW 00JIaCTU UCCIIETOBAHUIA.

Yuénble cekpeTapu KOHGMEpEeHLIMU
M. e.-m. n. H. Bypoeavnas,

K. 2.-M. H. O. Baasesa

®oro A. IllagpuHa
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M. B. OHUMAH — BbIJAIKACA YYEHBIA W OPTAHMBATOP TEONOTWMECKMX HCCAE[OBAHMI
M. V. FISHMAN — OUTSTANDING SCIENTIST AND ORGANIZER OF GEOLOGICAL RESEARCHES

K 100-nemum co gue poxgewus - On the centenary of his birth

The article is dedicated to the memory of the largest scientist-geologist
and talented organizer of geological researches, Doctor of geological and min-
eralogical sciences, Professor, honored worker of science of the RSFSR and
the Komi ASSR, former director of the Institute of Geology of the Komi SC UB
RAS Mark Veniaminovich Fishman. It is shown that M.V. Fishman made a deci-
sive contribution to the creation of laboratories and to the development of the
laboratory base of the Institute and to a large extent predetermined trend of
modern geological researches in the European Northeast and the North of the
Urals. The results of his geological studies proved their viability for many de-
cades and to this day have remained an example of outstanding scientific

achievement.

Mapk BennamunoBny @uimvad — aupekTop MHCTUTY-
ta reoiorn Komu ®AH CCCP (1961—1985 rr.), mokrop reo-
JIOTO- MUHEPAJIOTMYECKUX HaykK, Mpodeccop, 3acayKeHHbli
nestentb Hayku Komu ACCP 1 PCOCP, Bcio TpynoByIo KU3Hb,
BILIOTh 10 cBoeil KOHUMHBI B 2003 T., MOCBSATUI CITYKEHUIO
reojiorud Komu kpasi. 14 oktsi6pst 2019 r. eMy HUCIIOTHUIOCH
661 100 jieT, ¥ 3TO XOPOLUMIA MTOBOM BCIIOMHUTD O BbIIAIOLLIEM-
Csl YYEHOM-T€eoJiore U TalaHTJIMBOM OpPraHM3aTope I'eoNoru-
YEeCKOU HayKu.

ITocne neMobWIM3aLMK U 3aBeplIeHUs] MPEPBaHHON BOM-
Hoii yuebbl B HoBouepkacckoM MHIYCTPUAIbHOM UHCTUTYTE
B 1948 r. M. B. @uimmaH npu6bl1 Ha padoty B CHIKTBIBKAD,
Ha Komu 6azy AH CCCP, npeobpazoBanHyto B 1949 r. B Komu
dunman, a B 1988 r. — B Komu Hayunblit uentp AH CCCP.

B 1958 r. Ha 6a3e Otmena reonorun Komu ®AH AH
CCCP 6b11 opraHuzoBadH MHCTUTYT reosoruu, KOTOpblii BCKO-
pe tociie yxona nepBoro aupekTopa 0. 1. UseHceHna B 1961 1.
BosrtaBua M. B. ®@uimvan, pykoBomuBmmit uMm 1o 1985 1.,
T. €. 6€3 MaJIOro YeTBEPTh Beka.

[Mox ympaBrennem M. B. ®uinmmana MHCTUTYT reono-
TUU OBICTPO BBIPOC B KPYIHBINM IeOJIOrMYECKUi IEHTP, KOTO-
pbIii Ha BBICOKONPOGhECCUOHAILHOM YPOBHE MPOBOIUII T'e0-
JIOrO- MUHEPAJIOTMYEeCKHe UCCAENOBaHUS MO Pa3HbIM Hay4y-
HBbIM HampaBJIeHUSIM U CTal MPU3HAHHBIM KOOPAUHATOPOM
reosnornueckux uccienoBanuii B Komu ACCP u Ha cormpe-
JETbHBIX TEPPUTOPHSIX.

I[Mpu M. B. ®uimane chopMupoBaTCh OCHOBHBIC Ha-
YUYHBIC Kapbl MHCTUTYTA, TIOJYYMJIN pa3BUTHE HOBBIC Hayd-
Hble HalpaBJeHUsl, ObIJIM CO3[aHbl HayuyHbIEe J1abOpaToOpuH,
JeicTBytole U B HacTosiilee Bpemsi. [loa ero pykoBoJacTBOM
U MPU JIMYHOM YYaCTUU B UHCTUTYTE ObLT OTKPHIT 3aMeyarelib-
HbIi [eosornyeckuii My3eit, KOTOPbIil SIBJISIETCSI TOPAOCTHIO
CoikTbiBKapa U Pecniyonuku Komu.

B ronbl pabotel M. B. ®duinmaHa TUPEeKTOPOM MHCTUTY-
Ta B CBhIKTbIBKape He ObUIO YUEeOHBIX 3aBEJACHUIA, TOTOBSIINX
reoioroB, MO3TOMY MPUBJIEYEHUE B MHCTUTYT HAyYHbIX Kal-
poB ObUIO CIOXHeMIel 3anadeit. Ho, HecMOTpst Ha Bce Tpya-
HOCTU (OTCYTCTBUE CBOOOIHBIX CTABOK, MPOOJEMBI C 00IlIe-
KUTUEM U TeM Oojiee ¢ KBapTUPaMU JUIsl COTPYIHUKOB, MPU-
HSITBIX Ha paboTy, OTCYTCTBME Ha MEPBbIX MOPAX COBPEMEH-
HOro HaydHOro o0opyJ0BaHMSI U Jp.), 3Ta 3a/aya pelanach.
W eciu cpaBHUTb C COBPEMEHHBIMM, HECOMHEHHO Topasio
OoJiee OJAronpusITHBIMU YCJIOBUSIMU, pellajiach BECbMa yc-
neumHo. B atu roapl Ha padoty B MHCTUTYT ObUM MpUTJIalLe-

HbI OMBITHBIE ¥ MOJIOAbIE CIELMAIUCTBI U3 Pa3IMUHBIX yroOJI-
KOB CTpaHBI, KOTOpbIe 00eCIeYMIN Pa3BUTHE BaXKHEUIINX
Hay4YHBIX HaNpaBIeHUI: TEKTOHUKW U PETMOHATLHOM T'e0JI0-
MU, CTpaTurpaduu, MajeOHTOJIOIMU U JIUTOJIOTUM, TIETPOr-
padvu ¥ reoXMMUU, MUHEPAJIOTUM W KpUCTAJUTOrpachuu, Me-
TALJIOTEHUN U TEXHOJIOTUM MUHEPAbHOTO ChIPbsI, T€OJOTHU
roprounx uckonaembix: H. Il. FOmkun, H. . TumoHuH,
B. C. Lpiranko, B. B. bykanos, I'. I1. Kanes, B. A. [lences,
A.9. Oposuu, A. M. AntomikuHa, b. A. OcraiieHko,
T. M. be3nocora, B. H. Oxornukos, B. A. FOnuH, B. A. Iler-
poBckuii, B. . Cunae, A. ®. Kynu, B. JI. AHnpenues,
JI. H. AungpenueBa, A. M. Acxatos, 0. A. Tkaues, b. A. [1u-
meHoB, A. b. Makees, H. A. Manbies, M. B. 3anopoxiiesa,
C. K. KysHenos, JI. 3. Amunos, B. A. Ileceukasi, H. B. bens-
esa, B. I1. SIxyuenu, B. WU. Pakun, C. T. Pemu3zosa, /. H. Pe-
mu30B, H. U. bpsxnuanunoBa, M. b. Tap6aes, O. I1. TeabHo-
Ba, JI. B. MaxuiaeB u apyrue.

3a Bpemst pykoBoacTta M. B. ®duimaHa ceMb COTPYIHU-
KOB CTaJld TOKTOPaMU U OKOJIO MSITUACCATH — KaHAuIaTaMu
Hayk, a K 1985 r., ko BpeMeHu yxoma M. B. ®uimManHa ¢ 10K~
HOCTHM AVPEKTOpa, 00IIas YUCIEHHOCTh MHCTUTYTA YK€ TIPU-
Onumkanach K ceromHsiHeit. MHCTUTYT npencTaBisl coooit
XOpOIIIO OCHAIIIECHHOE COBPEMEHHBIM 000PYITOBaHUEM, YKOM-
IJIEKTOBAHHOE BbICOKOKBATM(DMIIMPOBAHHBIMU KalpaMH, CTa-
OWJIHLHO U TUIOIOTBOPHO paboTaroliee HayIHOEe YIPEKICHUE.

M. B. ®@ummMaH OBIT HE TOTHKO YCITEITHBIM PYKOBOIM -
TeJleM, HO M KPYITHBIM YYeHBIM, BHECIIIMM OTPOMHBII BKJIam B
ITO3HAHWE TeOJIOTMIECKOTO CTPOCHUS U MCTOPUU TeoornJec-
Koro pa3Butust TumaHo- CeBepoyparbcKoro permoHa. Emy
MPUHAIJIEKUT aBTOPCTBO TIEPBOI reoJIOrnIeckoi KapThl Komu
ACCP wmacmra6a 1:1000000, koTOpyo OH IMOATOTOBMJI JIJIsI
KPYITHOTO KOJIJIEKTUBHOTO Tpyna «[Ipon3BoauTeIbHbIE CHITBI
Komu ACCP». M. B. ®uimaH 3aHUMaNcsT U3y4eHHEM T'eo-
JIOTUYECKOT'O CTPOECHUS U MeTajuioreHuu IlpumnonsipHoro u
INonspHoro Ypana, Tumana, I1aii- Xost u Hooit 3emuu. [Tpu
5TOM OCHOBHBIE 3TAIThl T€OJIOTMYECKHX TTPOIIECCOB OH BITEp-
BBl 00OCHOBAJI C UCTIONB30BAHUEM OOJIBIIIOTO MACCHBA JIaH-
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HBIX aOCOTIOTHOTO BO3pacTa, MOITYyIeHHBIX B OPTaHU30BaHHOM
WM JTabOpaTOpUM M30TOITHON T€OXPOHOIOTHH.

OmHako OCHOBHOUM HaydHBI MHTepec M. B. @urvana
Ha TIPOTSDKEHMM BCei €r0 MHOTOJIETHEM NeATeThHOCTH — Mar-
MaTH3M BO BCEX €TO0 TPOSBICHUSX, M OCOOCHHO TPaHUTOUI-
HBI MarMaTu3M. DTO 0OCTOSITEIbCTBO OMPEACTUIO TJIaBHBII
paitoH uccnenoBanuii M. B. @Oummvana — [IpumonsipHbIit
VYpan. UMeHHO 31mech TPaHUTOMIHBIE MAaCCHBBI B Pa3TMIHBIX
COOTHOIICHUSIX C IPYTUMHM MarMaTUIecKUMU TTOpOIaMH TIper-
CTaBJIEHbl UCKJIIOYUTENIBHO IIMPOKO U Pa3HOOOPA3HO.

ITpu uzyyenun marmarusma [lpunonsipHoro Ypana re-
pen M. B. ®ummMaHoM cpasy ke BO3HUKIIA OUYEBUIHAS TTPO-
6JieMa BO3pacTHOTO PACUICHEHUS] M KOPPENSIIMU MHOT OIHC-
JICHHBIX TPAaHUTOUIHBIX W JPYTHX MacCHBOB. DTO HEBO3MOX-
HO ObLIO cenaTh 6e3 HATMYMSI KOPPEKTHON TeoJIorMyecKoit
OCHOBBI. A B KoH1Ie 40-X — Havajyie 50-X TooB MpoIUIoro CTo-
Jretust, korna M. B. ®@uinmaH co cBoMMHU KoJleraMy Haval
TJTAHOMEPHBIC MCCIIEIOBAHUS B 3TOM PailOHE, TaKOW OCHOBBI
He ObU10. DTO OOCTOSITENLCTBO ONPENETNIO HEOOXOIUMOCTh
pa3paboTKMU cXeMbl CTparurpaduu palioHa MCClIeI0BaHMM,
0COOEHHO [JIS1 JOOPAOBUKCKOM 4acTU pa3pesa, K KOTOpOi
MIPUYPOUYEHBI TTPAKTUYECKHU BCE TPAHUTOUTHBIE MAcCHUBHI.
Kpome Toro, B CBSI3M ¢ TeM, 9TO TOOPIOBUKCKHE TONIIMA B TOM
I MHOM CTeTIeHW MeTaMop(hr30BaHbl, 1 B HEKOTOPBIX CIIy-
YyasX OYeHb CHWJIBHO, BO3HUKIIA HEOOXOMUMOCTh IIeJICHAIIpaB-
JICHHOT'O U3YYEHHS TIPOIIECCOB MeTaMopdur3Ma.

HecMoTpst Ha 04eBUIHYIO TTPUBEPXKEHHOCTH ITPOOJIeMaM
T'PaHUTOMTHOTO MarMaTH3Ma M CBSI3aHHOTO C HUM OpyIcHe-
Husi, M. B. ®uinManH Bosieli-HeBoJIel ObIT BEIHYKICH CaMbIM
Cepbe3HBIM 00pa30M 3aHMMATLCS BOITPOCAMHU CTpaTUTpach
BMEIIAIONINX TOJIIT X MX MeTamopdm3ma. M 1o BceM 3TUM TpeM
HaIpaBJICHUSIM WCCIICIOBaHMIA, 8 UMCHHO: MarMaTu3My, Me-
Tamopdu3My U crpaturpaduu 100paOBUKCKUX 0Opa3oBa-
Huii — M. B. ®ummanoM GbIIY TOJyYeHBI BIIEUYATIISIONINE
pe3yJbTaThl, KOTOPhIC B 3HAYUTEIBHON CTETICHU OIPEIEISIIOT
COBPEMEHHOE COCTOSIHUE U3YYEHHOCTH T'e0JIOTUYECKOro CTpo-
EHUSI M UCTOPUM TEOJIOTMUECKOT0 PA3BUTHUS JOKEMOPUICKIIX
KOMILIEKCOB He TOJIbKO Tepputopuu [lpunomnsipuoro Ypana,
HO 1 Bcero TumaHo- CeBepoypaTbCKOTO perMoHa.

[punonsipusiit Ypar, 1960-e rr.
Subpolar Urals, 1960s

Pa6orer M. B. ®uivaHa B o61acTi MarMatu3ma M Me-
TaMopdu3Ma ILIMPOKO M3BECTHBI M OCTAIOTCS aKTyalbHbIMU U
BOCTpeOOBAaHHBIMM COBPEMEHHBIMU HcciienoBateisiMu. OHU
MOCIYXUJIM OCHOBOI M TOJIYYWJIM Pa3BUTHE B UCCICIOBAHM-
six ero koyer v yaeHUkoB: b. A. lonnuna, E. T1. Kanununa,
B. H. OxorHukoBa, P. I'. Tumonunoii, B. JI. Annpenuena, H.
W. BpsiHUaHMHOBOI U MHOTUX JPYruX.

2o |

Hupektop MHcTuTyTa reosoruun Komu céunuana AH CCCP

M. B. ®umman, yuéHsiii cekperapb B. B. bensieB (mepBblii

cnesa), 3aBenytomuii otaesom OI'THU B. A. [lenees (Tpetuii ciesa),

3aBeAylolnii 1aboparopueit Mucruryra reonorun H. I1. FOmkun
(ueTBEpTHIN ceBa), 1970-e rr.

Director of the Institute of Geology of the Komi Branch of the Acade-
my of Sciences of the USSR M. V. Fishman, Science Secretary V. V.
Belyaev (first from the left), head of the Fossil Fuels Geology Depart-
ment V. A. Dedeev (third from the left), head of the laboratory of the
Institute of Geology N. P. Yushkin (fourth from the left), 1970s

Yo Kacaercsl cTpaTurpady TOOPIOBUKCKUX TOJIII, TO B
5TOM BOIPOCE HE BCE CIIOKWIOCH TaK OMHO3HaYHO. K Havamy
60-x romoB M. B. ®ummadoMm coBMecTHO ¢ b. A. TonmuHbIM
Ha OCHOBE CYITIECTBOBABIIICH B TO BpeMsI CXeMBI CTpaTuTpadim
IMpunonsipHoro Ypaia K. A. JIbBoBa Obu1a pazpadboraHa HOBast
crparurpaduyeckasi cxema IOOPIOBUKCKUX OTJIOXKEHUIH 3TOM
TeppuTOprK. B Helt Ha OCHOBE COTOCTaBJICHUS pa3pe3oB [Ipu-
nojnspHoro Ypana, Tumana u KOxxHoro Ypajia ocHOBHast Ux
yacTtb Obl1a oTHeceHa K pudeto (K. A. JIbBoB cunTtan nx kemo-
puiickumu), a HauboJiee TIyooKkoMeTaMOp(dr30BaHHbIE MOPO-
IIbI, OOBbEIMHEHHbIC B HUKOJAAITIIOPCKYIO CBUTY — K JAOpHdeiic-
KM obpasoBaHusM. M3ydast metamopdam miopon, M. B. @urr-
MaH ¥ ero KOJUICTH TIPUIINTM K BBIBOIY 00 OIIMOOYHOCTH BBII-
BuHyToi K. A. JIbBOBBIM Hieu O MpPsIMOiA 3aBUCUMOCTH CTerle-
HU MeTaMopdu3Ma OT Bo3pacTa CTpaTUTpaduIecKux Imompas-
IeJIeHIA. 3a9acTyio OMHOBO3PACTHBIC, HO PAa3IMIHO MeTaMop-
¢uzoBaHHbIE Mopoabl ObLIM BKIoYeHbl K. A. JIbBOBBIM B CO-
CTaB pa3HBIX CBUT. Tak, ISl 3HAYUTEIBHOM YaCTH OTIIOKEHUIA,
otHOcUMBIX K. A. JIbBOBbIM K IyHBMHCKOW CBUTE, ObLT JOKa-
3aH MaHbMHCKUIA Bo3pacT. Kpome Toro, BriepBble ObLT YCTAaHOB-
JIeH aOCOTIOTHBINM BO3PAcT TPAHWTOMIOB, MPOPHIBAIOIINX Ma-
HBUHCKYIO CBUTY, — 525 MJIH JIET, UTO MO3BOJIMJIO OTHECTH €€ K
nmokemopuio. [To MueHnto M. B. ®@umvana, pudeiickmii pas-
pe3 HAYMHAJICS C OLM3KOM cBUThI. Ho BOIMpoc 0 HUXHER BO3-
pacTHoOIf TpaHUIle prdeiicKOoro paspe3a B 3TOW cTpaTUTpadu-
YECKOI CXeMe OCTaJICSI OTKPBITHIM B CHITYy OTCYTCTBHSI OpTraHM-
YECKMX OCTaTKOB M COOTBETCTBYIOIIMX I'€OXPOHOTOTMIECKIX
TAHHBIX.
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M. B. ®umman u M. H. ¢. I. E. IOmkoBa B 1aGopaTopuu CIIeKT-
panbHoro ananusa Mucruryra reonorun Komu ¢punuana AH CCCP,
1970-e rr.

M. V. Fishman and JRF G. E. Yushkova in the Laboratory of Spectral
Analysis at the Institute of Geology of the Komi branch of the Academy
of Sciences of the USSR, 1970s

OnHako Mmo3mHee, TPy TIPOBEACHUY TTEPBBIX KPYITHOMAC-
ITaOHBIX TEOJIOTUIECKUX CheMOK TeppuTopuu [1pumospHo-
ro Ypana (JI. T. bensikosa, B. C. I'munpaen6nar, M. B. Konapa-
TheBa, B. B. 3omoroBa u 1p.) u nanpHeiieM 00OOIIEHUM 3TUX
MaTeprayioB ObLIa MPENITPUHSATA TTOIBITKA IaTh ITEPEOIICHKY
crparurpaduaeckum mocrpoeHrsiM M. B. @urmmana. Ha Tpe-
theM (B 1980 1.), a 3arem u Ha YerBeproM (1990 r.) Ypanbckux
MEXBEJOMCTBEHHBIX CTPAaTUTPaUIecKUX COBEIAHUSIX ObLIa
TIPUHSTA CXeMa, B KOTOpOii ApeBHME Tonum [1pumnonsipHoro
Ypana conocrasisuiich ¢ YpaibckuM (MUpPOBBIM) CTPaToTU-
noM pudes B balkupckoM MeraHTUKJIMHOPUK. 371ech, Kak U B
CTPATOTMITNIECKON MECTHOCTH, OBIIM BBIICJICHBI CTPATOHBI,
MPENCTABJISIOIIME BCe MOAPA3IEIECHNSI BEPXHETO MTPOTEPO305i:
Oyp3sTHMIA, FOPMaTUHMIA, KapaTaBUil ¥ BEHI, a TaKKe TOACTH-
JIaloIMKA MX (PparMeHT HYXKHETOKEMOPHUIICKOTO KpUCTALIMYeCc-
koro ¢yHnamenTa. Ilpu 3TOM oIIM3Kasl CBUTa B paHre HUXKHEMH
TOJILM MyWUBUHCKOW CBUTHI ObLla OTHECEHa K opMaruHuio. B
KayecTBe 0a3aIbHBIX OTJIOXEHMI prdesi, COOTBETCTBYIOIIMX
«aickomy ypoBHI0» B ctparorurie KOxHoro Ypana, Obuia ripu-
HSITa BIIEPBBIC BBINEJICHHAS MeTaTeppUTeHHass MaHbX00CHHC-
Kasl CBUTa, TIpencTaBistonias B cxeme M. B. ®@uivana Bepx-
HIOIO YacTh pa3pe3a HUKOJIANIIOPCKOM CBUTHL. HIKHSIS yacTh
HUKOJIAMIIIOPCKOI CBUTHI Oblj1a HAa3BaHA HSPTUHCKOW CBUTOM
(TTo3mHee — HAPTUHCKUM MeTaMOpPGhUUECKUM KOMILIEKCOM)
PaHHenpoTepO30iCKOro Bo3pacTa.

B Gonee nmo3mHux paboTtax B obyiacTu crparurpaduu ao-
oprnoBukckux Toiml [TpumonsgpHoro Ypana 1mpu mpoBeIeHUN
KpyIHOMaciuTabHOro reoJornyeckoro T0UM3ydyeHusl Tuiolanei
(CATI-50), BeimonHeHHoro B 80—90-x rogax, a Tak:ke B MHOTO-
YUCIICHHBIX CTEIMATN3UPOBAHHBIX TEMAaTUISCKUX MCCIENOBa-
HMSIX ObUIA TOKa3aHa HEOOOCHOBAHHOCTh CTPATUT PabIecKOi
CXeMBI, YTBepXIeHHON TpetbuM 1 YeTBepThIM Y paTbCKUMU
MEXBEIOMCTBEHHBIMM CTPATUTPAQUIECKMMK COBEIAHUSIMU,
B YacTH BBIIEJICHUST HIKHEPUGDEHCKIX CTPaTOHOB.

Ha naHHBIIf MOMEHT yCTaHOBJIEHO, YTO B paspese [Ipurio-
JIIpHOTO Ypana HuxXHepudelickas MaHbXOOEMHCKasi CBUTA
BBIZIeJIeHa OIMOOYHO Ha MeCcTe HU3KOTEMIIepaTypHbIX muad-
TOPUTOB TI0 BBICOKOTEMIIEpaTypHBIM MeTaMOp(UTaM, aHaIO-
TUYHBIM TeM, KOTOPBIMU CJIOXKEH HAPTUHCKUI MeTaMopdwraec-
KU KOMIUIEKC. Ba3aTbHBIMU OTJIOXKEHUSIMU BEPXHETO JTOKEM-

opust [pumonsipHoro Ypana, Kak u cautan M. B. @uimvan,
SIBJISIETCST OILIM3CKAsi CBUTA (WJIM OLIM3CKasl TOMILA MyHABUHCKON
CBUTHI). ['HEiCOMUTMAaTUTOBBII I KOMILJIEKC, 3ajeralolivii B oc-
HOBaHUM JOKEeMOPHMIICKOro pa3pesa 3TOro paiioHa, B CBSI3U C
OIMOOYHOCTHIO BBIETIEHNST MAHbXOOEMHCKON CBUTHI HE COOT-
BETCTBYET 00bEMY HSIPTMHCKOTO KOMIUIEKCa B cxeMe YerBep-
TOro Ypajibckoro crparurpaduuyeckoro cosemiaHus. OH noJ-
HOCTBIO COOTBETCTBYET HUKOJIAWIIIOPCKON CBUTE B TIOHUMAHWY
M. B. ®ummvana. To ectb 3TOMy MeTaMOPGhIIECKOMY KOMIT-
JIEKCY He0OXOMMMO BEpPHYTh Ha3BaHME «HUKOJIANIIIOPCKUIA».

Takum obpasoMm, crrycTs 60 JeT co BpeMeHU pa3paboTKu
cTpaturpadmdeckoir cxemsl M.B. @urmaHoM, Tmocie MHO-
TOKpaTHbIX MOMBITOK CHayala ee MOJHON JUKBUIALMU, a 3a-
TeM KapIuHaTbHOTO N3MEHEHUST Mbl BHOBb 0OOpaliaeMcsl K Helt
Kak HauboJjiee KOPPEeKTHOM reosoruyeckoir ocHoe. OHa B
OoJibllieil Mepe, YeM MpeablaylMe U MOCAenyolle CTpaTu-
rpacduJecKre CXembl, BKITIOUas CXeMBbl, YTBepXXKIeHHbIe Tpe-
TbUM 1 YeTBepThIM YPaTbCKUMU CTPATUTPAPUIECCKUMUA CO-
BEIIAaHUSMM, YUYUTHIBACT peaTbHbIC B3aMMOOTHOIIICHUSI CTpa-
TUTpadMIecKrX TTOApa3IeIeHU JoKeMOpust B paspese [1pu-
MOJISIpPHOrO Ypaia, sIBJISIIONIErocsl CTpaTOTUIMYECKUM JJIsT Bee-
ro TumaHo- CeBepoypaibCKOro peruoHa.

M. B. ®uiiivaH — He TOJIBKO BBIIAIOIIACS OPraHU3aTop
HayKU, OIpPEeNeUBIIMI OCHOBHbIE HAllPaBIEHUsT UCCIEOBAHU I
HMHctuTyTa M BHeCMi (hyHIaMEHTaTBHBIN BKJIAI B CO3MaHUE
J1abopatopuii ¥ pa3BUTHE JlabopaTopHoii 6a3bl. Ero 6e3 Bcsko-
ro NpeyBeIMYeHUsI MOXXHO CUYMTATh OCHOBATEJIEM LieJIEeHaNpaB-
JIEHHBIX F€0JIOTMYECKUX UCCIENOBaHUI Ha ceBepe Ypaia B 00-
JIACTH CTpaTUTpadry TOKeMOPHS, TPAHUTOUTHOTO MarMaru3-

M. B. ®ummMman ¢ corpyaHukamu My3ses um. A. A. UepHoBa
HI Komu HLI YpO PAH, 1997 r.

M. V. Fishman with the Chernov Museum workers at the Institute
of Geology Komi SC UB RAS, 1997

Ma U CBSI3aHHOTO C HMM OpYIEHEHUS, a TaK Xe MeTaMopu3ma.
Pa3paboTaHHbIe UM CXEMBI CTpaTUTpapru JOOPIOBUKCKUX
TOJIIII, KOPPESILIMY M pacuJieHEHUsI TPAaHUTOMIHBIX KOMITJIEK-
COB, IBOJIOIMH ITPOIIECCOB PETMOHATHHOTO W KOHTAaKTOBOTO
MeTamMopbr3Ma TTOCTYKIA HaneXXHONH OCHOBOM IS TTOCIIEy-
OIIMX MCCIIEMOBAHUM, TOKA3AJTM CBOIO KM3HECITOCOOHOCTh Ha
MPOTSDKEHUM MHOTUX JIECATUIIETU M 10 HACTOSIIIIErO BpeMEeHH!
OCTalOTCSl TIPUMEPOM BBIIAIOIIETOCS HAyYHOTO JOCTUKEHMUSI.
DTH paboThl, HECOMHEHHO, B 3HAYUTEJIHHOM CTETIEHU OMpe/e-
JIVJTM HaIlpaBJIeHWe MCCIIIOBaHWI B paifoHaX pachpocTpaHe-
HUST TOKEMOPHIICKIX OTJIOXKEHMIT ¥ TPAaHUTOUIHBIX KOMILIEK-
coB B Tpenenax Bcero Tumano- CeBepoypalbCKOro pernoHa.
M. e.-m. n. A. IToicmun
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CBET YYHTEN] -

MASTERS LIGHT

K 110-nemu npodieccopa Jmumpus Naenosusa [pueopbesa - Celebrating 110 years from the birth of Dmitry Paviovich Grigoryev

October 2019 marks the 110th anniversary from the
birth of Professor Dmitry Pavlovich Grigoryev. He was an
outstanding mineralogist, teacher, creator of the doctrine
of ontogeny of minerals, the founder of Russian
experimental mineralogy, the pioneer of space mineralogy,
one of the authors of the world’s first international scientific
discovery in mineralogy. His name of a man of high honor,
infinitely devoted to his work is the highest example of
service to science.

WUwmsa Imutpusa IlaBnosuua ['puropneBa, npogdeccopa
Jlenunrpanckoro ropHoro uHcrutyra um. I'. B. IlnexaHosa
(JITN) (Cankr-IlerepOyprckoro ropHoro yHUBEpcuTeTa), -
POKO M3BECTHO B MUHEpAJIOrUyeckoM mMupe. Buinatommuiics
MUHEpaJIor COBPEMEHHOCTH, CO3AaTesb y4eHUsI 00 OHTOI€HUU
MUWHEPAJIOB, OCHOBATENIb POCCUNCKON 3KCIEPUMEHTAIBHON
MUHEepPaJIOTUH, Teaaror, MbICIUTENb poauics 29 okTsaops
1909 r. B [Tepmu. C umenem . I1. I'puropbeBa CBSI3bIBAIOT CO-
3MaHWE HOBOM COBPEMEHHOU MMHEpPAIOTWM, TaK Ha3bIBaeMOM
BBICILIEI MMHEPATOrMU, a TAKXKE KOCMUYECKOH MUHEPATOrUU
«HOBOH BeTBU Hayku» (mo omnpeaenenuto camoro 1. I1. I'pu-
ropbeBa). OH COaBTOP MEXIYHAPOTHOIO HayYHOT'O OTKPBITUS
B 00J1aCTM KpUCTA/LIOMOPdOIOrnuecKoil BOTIOLMU MUHEpa-
JIoB. BaxkHeii1ieit cTopoHO# ero XXU3HU U paboThl, JTIOOMMBIM
JiesioM Oblla mefarornyeckast AesITeJIbHOCTb, KOTOPOil B CTe-
Hax JITU oH nocesitiit okosno 70 sieT. YHuKabHas 111KoJ1a Ipo-

K. I1. dnynos, H. I1. OwkuH, I'. A. MapkoBa, npogdeccop
M. I1. I'puropweB. CoikThIBKap, 1971 1.

K. P. Yanulov, N. P. Yushkin, G. A. Markova, professor
D. P. Grigoryev. Syktyvkar, 1971

. I1. I'puropbeB Ha 1IEPEMOHUM BPYUEHUS TUTIOMA 32 OTKPbITHE
B bonrapckoii akanemuu Hayk. Codust, 1984 r.

P. G. Grigoryev at the award ceremony at Bulgaria Academy of sciences
for his discovery. Sofia, 1984

¢eccopa I'puropreBa BocnuTaga HeE OJHO MOKOJEHUE MUHE-
pajoroB, npopoJkareieil ero uaeii. UM HamucaHbl KHUTH,
YU4eOHHMKN TI0 MUHEPATOTWH, KOTOphIe OBUTH TIepeBeCHBI Ha
MHOTHE SI3BIKA MUpa U SIBJISTIOTCST HACTOJTbHBIMU KHUTAMU CITe-
LI CTOB.

Mmuorue roael 1. I1. I'puropbes 6bu1 npeacenarenem Ko-
MUCCHHM TT0O HOBBIM MMHepajiaM, BUIIe-ITpe3uaeHTOM Mexmy-
HapOmMHOW MUHEpPAJIOTUIECKON accoraimi MMA, Bo3TiaB-
JIST OTHENT MAHEPATOruy KypHana «[Ipupoma», ObLT 3aMecTh-
TeJIeM pellaKTopa W aKTMBHBIM aBTOPOM TJIABHOTO MHHEPAIO-
ruyeckoro xypHaia Poccun «3BMO» («3anucku Beecoros-
HOTo MUHEPaJIOrn4ecKoro OOILIECTBay ).

. T1. I'puropbeB Bceraa ObUT TECHO CBSI3aH C nepudepuii-
HBIMA MUHEPATOTMIECKUMU TIKOJIaMU, TTOCEIal MECTOPOX -
JCHUS TIOJIE3HBIX MCKOMAeMbIX, PYTHUKHU; TTPaKTUIeCcKas MU-
HEpaTOTusI SBJIsIaCh OCHOBOW €ro HayIHBIX MocTpoeHuit. OH
MOCTOSIHHO ObL1 B IyTH. Ero nmoesnku Bo BiaagusocTok, AyiMa-
Ay, I'pysuto, Pury, KueB, Anarursl, Muacc cBUaETE/IbCTBY-
10T O IJTyOOKOl 3aMHTEPECOBAHHOCTU BO BCTpeYax ¢ UCCIEN0-
BaTeJIIMU MUHEPAJIOB, M 3TH HEIOCPENCTBEHHBIC KOHTAKTHI
CBHITPJIA BXXHYIO POJIb B (DOPMUPOBAHWUY U PA3BUTUN HAyd-
HBIX KOJUIEKTUBOB B Pa3IMYHBIX TOPOIaX CTPAHBI.

Amutpuii [1aBnoBuY ObLT YacThIM TOCTEM M B HallleM
Huctutyte reosorun. OH MPOSIBIISIT MIOCTOSTHHBIN MHTEpeC K
paboTtaM, KOHCYIBTUPOBAJ, NEJIAJICS IIEHHBIMU WIESIMU, BbI-
CTyTaJ1 ¢ 0030PHBIMM JICKIIVSIMU, TIPUHUMAJT yJacThe B pabo-
Te KoH(pepeHuuii. 3nech, B ChIKThIBKAape, padoTalld ero 1moc-
JIEMOBATENM, SAMHOMBIIIDICHHUKH: TIPEXIE BCETO €ro YICHUK
Biramumup BanentnHoBry BykaHOB, Bo3rIaBnsBImil B 1963—
1971 rr. n1abopaToprio MMHEPATOrMU U IUIMXOBOTO aHAIU3a;
Huxkonaii [Tapnosny FOmkuH, koroporo JAmutpuii I1aBnoBuu
BCeTNa BBIICIISUT U3 CPEIbl MMHEPATOTOB, BUIET B HEM BbITa-
JOITIETOCS MCCIIEAOBATENSI U C KOTOPBIM €0 CBS3BIBATTM MHO-
TOJIETHUE IPYXKECKHE OTHOICHUS.

MHe Takxke MocyacTiuBUIOCH 001aTbes ¢ JAMuTpueM
[TaBmoBMYEeM ¥ BBHITIOJHUTG PSI MCCIIENOBAHUH IO €T0 PYKO-
BOJICTBOM B IIEPHOI MO pabOTHI IO KBapIIeBON TeMaTHKe.




W

Becmnare VIT Komn HL, YpO PAH, okTa6pb, 2019 1., Ne 10

Brnaronapst cBoelf YHMKaTbHOCTH B MUPE KPUCTALIOB KBapIl
TIPENCTABIISIT UCKITFOYMTEIILHBIA MaTepral U CaMbIX IeTaTb-
HBIX UCCIIeOBaHNIT MOPGOIOTUH, 30HATLHOCTA, OCOOEHHO-
CTeif pocTa KPMCTAIJIOB B PA3IMYHBIX YCIOBUSX MUHEPAJIO-
oOpa3sytollieit cpesibl, UTo Beerna uHtepecoBano Jmutpus [1as-
sioBuya. Ha ocHoBe aTux uccnenosanuii copmectHo c /. I. I'pu-
ropbeBbIM ObLIM oryoskoBaHbl pabotsl B JIAH AH CCCP, B
creualibHOM Bbiycke coopHuKa «[1pobneMbl KpUCTaliono-
run», noceséHHoro 80-jeTuio akanemuka H. B. benosa
(Mockga: U3n-Bo MI'Y, 1971), u np. MHe ObUIO 1OBEpeHO B
Ka4ecTBE PeIaKTOPa- COCTABUTENS TTOATOTOBUTH K M3NAHUIO €T0O
kHury «Paccyxnenust o MuHepaioruu» (CoikTbiBKap: ['eo-
npuHT, 1998). Cuurtaro 00JIbILOK YECTHIO, UYTO YAATOCH BBIMON-
HWTH TIpe/utokeHHbIe IMuTprieM [1aBmoBryeM McCIenoBaHUS
30HAIBHOIO U CEKTOPUATBHOIO CTPOEHUsI MyckoBuTa (Mam-
ckuii p-H, Boctrounas Cubups), kBapua (I1pumnonsipHbrii
¥Ypan), Kotopble ObLIM, B YaCTHOCTHU, UCIOJIb30BaHbI C LIEJIbIO
CUHXPOHU3ALMHU TIPOIIECCOB KPUCTALTN3AIMN Ha U3ydaeMbIX
MECTOpOXIeHUsIX. Beerma ¢ moOpsIM YyBCTBOM BCITOMMHAIOT-
cs1 3aMHTEPECOBAHHOCTh, yIacTHe, TTOMOIIb, WHTEJUIUTEHT-
Hoctb IMutpust I1aBnoBuya. Takue Jtoau U yd€HbIE BbICO-
KOi1 yectu, GecnpenenbHO MpeJaHHbIE CBOEMY NIy — He 3a-

OBIBAIOTCS, OCTAIOTCS B MaMSTH KaK BBICOYAMIIMIA 0Opasert
CITyXKeHUsT HayKe.

Astoputet /. I1. I'puropbeBa, mpusHaHUe €ro 3aciayr
ObUTH OE3YCITIOBHBIMU CPENU YYEHBIX, CIEIUATNCTOB, TIPAaKTH-
YeCKUX MUHepasioroB. Ero paGoThl MOMyImIvi MUPOBOE TIPH-
3HaHUE, OH ObLT M30paH WICHOM MHOTMX WHOCTPAaHHBIX MM-
HepaJTOTMYeCKUX M TeoIorndeckux obmiects WMumuu, Bemm-
kooputanuu, ®panumu, 'epmanun, Asctpun, CIIA, Bon-
rapuu, [Tonbm, YkpanHsl, MeXnyHapoaHO#l accouualuuu
TTAHETOJIOTOB M Ip. 3a BBITAOIIMECS JOCTYDKEHUST B HAYUHOIM,
rnegarormyeckoit, ooduecrseHHoi aesrenbHoctu . I1. I'pu-
TropbeBY OBUTM TIPUCBOEHBI 3BaHUs «[10YETHBIN pa3BemunK
Henp», «[Tou€THbI pabOTHUK BBICIIETO MPOdeCCUOHATbHO-
ro obpazoBaHus Poccun». Cpeny ero Harpanm — Meaaiu, ITUM-
JIOMBI, B TOM YMCJIe MEXIYHApOIXHbIC, B YaCTHOCTU MeIallb
uM. DManyanst bopxkunkoro ot KapioBa yauBepcuteTa B
IIpare. B 1999 rony, B cBoit 90-neTHuit roouneit, . I1. I'puro-
pbeB ObLT HarpaxaéH opaeHoM [louéra.

Kusznp Imurpust [laBnoBuua I'puropreBa obopBaiach
12 mapra 2003 rona. IlamsiTe 0 HEM o3apeHa cBeTOM ero JInu-
HOCTH, UMST €TO CTOUT BBICOKO B COHME MUHEPAIOTOB.

K. 2.-m. n. I. Mapkoea

EE BENWYECTBO AHANIHTHK - HER MAIESTY ANALYST

K 70-nemnemy mGunew Tamapoi Huxonaesubi Tapacosod - On the occasion of Tamara Nikelaewna Tarasova’s 700 Ammiversary

17 okTs16pst 2019 r. ucrnosHsiercst 70 JieT o JHS POXIACHUS
Tamapsl Hukonaesusl Tapacosoii. [TpopabotaB B creHax MH-
crutyta reosioruu ¢ 1991 mo 2013 rr., oHa Mo npaBy BXOAUT B
«30J10TOM (DOHI» COTPYTHUKOB, BHECIIMX OIPOMHBINA BKJIaI B
Pa3BUTHE XMMMKO-aHATUTHIECKUX MUCCICTOBAHNA WHCTUTYTA.

IMocne oKOHYaHWST XMMHMKO-TEXHOJIOTMYECKOro (haKyib-
Teta [OPhKOBCKOTO MOTMTEXHUYECKOTO MHCTUTYTa Tamapa
HuxkomaeBHa ocrayiach paborarh Ha Kadeape aHaIMTHYECKOM
xumuu. B 1985 r. B [oppbKOBCKOM IrOCyHHMBEPCHUTETE OHA 3a-
IIMTUIA KaHIUIATCKYIO THCCcepTalnio Ha TeMy «Kputepum
aHaJIM3a MHOTOKOMITOHEHTHBIX CMECei KMCIIOT MJIM OCHOBA-
HWIA B pa3IMIHBIX PACTBOPUTENSIX». TeM caMbIM OBUT oIperne-
JIeH TOYHBIM BEKTOp €€ TPoheCCMOHATBHBIX HWHTEPECOB, OIl-
peneMBIIMI HaydHO- OPTaHU3AIMOHHYIO U METOIMYECKYIO
paboTy Ha MOCICAYIONINE TOMIbI.

October 17, 2019 marks 70 years since the birth of Tamara
Nikolaevna Tarasova. She rightfully belongs to the «gold fund» of the
Institute of Geology employees, who made a huge contribution to
development of chemical-analytical researches of the Institute. She
worked at the Institute from 1991 to 2013.

C 1991 r. Tamapa HukonaesHa Bo3riasisiia Jlaboparo-
PHIO XUMUM MUHEPATLHOTO ChIphst THCTHTYTA reonornn Komu
HaydHoro teHTpa YpO Poccuiickoit AH. MHe kaxetcsi, 4To
[JIaBHBIM JocTikeHneM Tamapsl HukomaeBHBI 3a BpeMsl pa-
0OTHI 3aBeAYIOIIEH JTabopaTopreii XMMUKM MUHEPATBHOTO ChI-
DbST SIBJISIETCS TO, UTO € yAATOCh COXPaHUThH CaMble TJIaBHBIC
W OTJIMYUTEIBHBIC YePTHl XUMUKO-aHATUTUYECKOMN CITYKOBI,
coznaHHoi JIbBoM IlerpoBuuem IlaBnoBsiM. B mepByro ove-
penb 3TO TapaHTUPOBAHHOE KAYeCTBO BBITIOJTHSIEMBIX Pa0oOT.
OTBETCTBEHHOCTD, HAIEKHOCTh, TPYIOIIO0MEe — BOT YTO Xa-
paKTepU3yeT BCeX COTPYIHMKOB Jlabopatopuu. M B 3ToM 6OITb-
masg 3acayra Tamapsl HukonaeBubl TapacoBoid.

Tamapa HukomaeBHa BHecia 3aMETHBII BKJIA B COBEP-
IIIEHCTBOBAaHME W BHENPEHWE B MPAKTHKY METOMUK XMMITYEC-
KOTO aHaJIM3a TOPHBIX TIOPOI U MUHEPAJIOB, B TOM YHCIIE OIl-
penesieHus TIIaTHHOWIOB B YAbTpaba3WTax, aHau3a Comep-
XaHUS PEeNKUX 3eMelTb, BhIICTICHMS X KOHIIEHTPATOB M psijia
npyrux. OHa MPaKTUIECKN CaMOCTOSITEJTbHO OCBOMIIa paboTy
Ha aTOMHO-3MHMCCUOHHOM CIIEKTPOMETPE C MHIYKTUBHO CBSI-
3aHHO# TUTa3moii Vesta MPX Rad u monyduia artectoBaHHYIO
METOIMKY M3MEPEeHUI Ha STOM ITPUOOpPE MACCOBBIX JOJIEH TTPH-
MECHBIX 3JIEMEHTOB B CHJIMKATHBIX TOPHBIX TTOPOIaX.

B nmeHb ciaBHOTO 100MIes] XOUETCsS TOXeNIaTh JOPOTOi
Tamape HukomaeBHe MONTHMX JIET XXU3HU, KPETIKOTO 3M0POBbSI,
CYacTbsl M ONTUMHU3MA.

M. x. n. JI. Kouesa
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HIWKHHCKHE YTEHHS — 2020

Wuctutyt reonoruu umenu akagemuka H. I1. Omkuna
Komu HayuHoro 1ieHTpa Ypanbckoro otaeneHust Poccuiickoii aka-
nemMun Hayk, DenepaibHbIi UCCIeI0BaTeIbCKI HEHTp «Komu
Hay4YHBII LIEHTp YpalbCcKOro otaesneHus: Poccuiickoil akaneMuu
HayK», MUHUCTEPCTBO HAayKH U BbICILiero oopazoBaHust PO, Poc-
CUIICKOE MUHEpaJIornueckoe oo11ecTBo, Poccuiickuii poH yH-
JaMeHTaIbHBIX uccienoBaHuii 19—22 masg 2020 rona B 1. CbIK-
ThIBKape MpoBoasT Poccuiickyio KOHGepeHIIMIO ¢ MeXITyHapoI-
HbIM yJyacTueM «CoBpeMeHHbIe Mpo0IeMbl TEOPETUUECKOI, IKC-
NepyUMeHTaTbHOM U MpUKIaaHoi MuHepanorun» (FOnkuHckue
yteHuss — 2020) v mpuriamaeT npuHsATh yyactue. ITonpooHyio

MHGbOPMALIMIO CMOTPUTE Ha caiiTe:
http:

Hayunas nporpamma:
1. Ucropus, dunocodusi 1 METOIOJOTUSI MUHEPATOTUH.

2. N'enetnueckast MuHepaiaorusi. TurnmomophusmM MUHEPaIoB

1 MUHEpaTbHBIX accolMaluii. ['eHeTuKo-HGopMalMOHHast MU -
HepaJaorusl.

3. MuHepanoruyeckast Kpuctauiorpagust 1 KpuCTaIoreHe3HC.
4. KOHCTUTYLIUSI 1 CBOiICTBAa MUHepaioB. PU3nKa MUHEpaIoB.

5. MUKpOHaHOAMCIIEPCHOE COCTOSTHUE MUHEpallb-
Horo BelectBa. HaHoMuHepanorus.

6. bBuomuHepanorusi 1 GUOMUHeEpaIbHbIC B3aUMO-
nericrBusi. OpraHn4yeckrue MUHEepaTbl U MUHEPATOUIbI.

7. DKcrepuMeHTaIbHOE MOIEIUPOBAHKE ITPOLIEC-
COB MMHEpPaI000pa3oBaHUsl.

8. MuHepanorusi MecTopoXKIeHHW Moe3HbIX UC-
KoItacMbIX. TOl'IOMI/lHCpaJ'lOFI/lﬂ.

9. 'eomatepuanoBeneHure. PalimoHaibHOe UCTONb-
30BaHUE€ MUHEPATIbHOTO ChIPbS.

10. MuHepaorust acTpooJieM U METEOPUTOB.

11. My3seeBeneHue. OCHOBBI COXpaHEHMSI F€0JIOr MY eCKOM NH-
dopmaLuu.

B pamkax koHdepeniuu cocroutcss XIII Poccuiickuii ce-
MUHAap M0 TeXHOJOTMYeCKO MUHepaTorun « MuHepaioro-Tex-
HOJIOrn4yeckas OlCHKa TBEPAbIX ITOJIE3HbIX UCKOITAaCMbIX, np06ne—
Mbl PYIOMOATOTOBKM M OOOTallleHUs] MUHEPATbHOI'O ChIPhS».
TTonpobHy0 MHMOPMaLUIO CMOTPUTE Ha caiiTe:

http:

Bropo oprkomurera:
IIpencenareny — akanemuk PAH A. M. AcxaboB
Comnpencenarenu: 4i.-kopp. PAH 10. b. MapuH,

yi1.-kopp. PAH C. B. KpuBoBuues,
n.1.-M. H. O. b. KoroBa
VYuennie cekperapu: K. r.-Mm. H. [. A. Illynikos,
M. H. ¢. A. B. IToHapsinoB

KonTposbHbie cpoku:
IIpencrasneHue marepuanoB AokiIanoB — 1o 1 mapta 2020 r.
Pacceinka nporpammbl — g0 30 anpenst 2020 r.
3ae3n 1 perucrpauusi yyactHukos — 18 mast 2020 r.
OtkpbiTHe KoH(pepeHun — 19 mast 2020 r.

KonTtakThi:
Wucruryt reonoruu Komu HIL YpO PAH
yi1. TlepBomaiickast, 54, CeikThiBKap, Pecriyonmka Komu, 167982
(8212) 24-53-53 — npuemMHas 1upeKTopa
(8212) 44-71-51 — KosbipeBa Mpuna BnagumuposHa
(yuenniii cekperaps UIT" Komu HLL YpO PAH)
®daxkc: (8212) 24-09-70
(8212) 24-51-60 — IymikoB IMUTpuit AJeKCaHAPOBUY

- YUSHKIN READINGS — 2020

The Institute of Geology named after Academician N. P.
Yushkin of the Komi Science Center of Ural Branch of the
Russian Academy of sciences, Federal Research Center « Komi
Science Center of the Ural Branch of the Russian Academy of
Sciences», The Ministry of Science and Higher Education of the
Russian Federation, Russian Mineralogical Society, Russian
Foundation for Basic Research will conduct Russian conference
with international participation «Modern problems of
theoretical, experimental and applied mineralogy» (Yushkin
Readings — 2020) on May 19—22, 2020 in Syktyvkar and invite
you to take part in it. For more information, see the website:

eo.komisc.ru/min2020

Scientific program:

1. History, philosophy and methods of mineralogy.

2. Geneticmineralogy. Typomorphism of minerals and
mineral associations. Genetic information mineralogy.

3. Mineralogical crystallography and crystal genesis.

4. Constitution and features of minerals. Physic of minerals.

5. Micro- and nanodisperse state of mineral substance.
Nanomineralogy.

6. Biomineralogy. Organic minerals and
biomineral interactions. Organic minerals and
mineraloids.

7. Experimental simulation of mineral
formation processes.

8. Deposit mineralogy. Topomineralogy.

9. Geomaterial science. Rational application of
mineral raw.

10. Mineralogy of astroblemes and meteorites.

11. Museology. Basics of the conservation of geological
information.

The 13th Russian Seminar on Technological Mineralogy
«Mineralogical and technological assessment of solid minerals,
problems of ore preparation and mineral raw processing» will be
held as part of the conference. For more information, see the
website:

igkre.ru

Organizing Committee Bureau:
Chairman — Academician of RAS A. M. Askhabov
Co-Chairs: Corr. Member of RAS Yu. B. Marin,
Corr. Member of RAS S. V. Krivovicheyv,
D. Sc (geol.-miner.) O. B. Kotova
Science Secretaries: Cand. Sc. (geol.-miner.) D. A. Shushkov,
JRF A. V. Ponaryadov

Deadlines:

Report submission — 1 March 2020
Program mailing — 30 April 2020
Registration of participants — 18 May 2020
Conference Opening — 19 May 2020

Contacts:
Institute of Geology Komi SC UB RAS
54, Pervomayskaya street, Syktyvkar, Komi Republic, 167982
+7 (8212) 24-53-53 — Director Office
+7 (8212) 44-71-51 — Kozyreva Irina Vladimirovna
(Science Secretary of IG Komi SC UB RAS)
Fax: +7 (8212) 24-09-70
+7 (8212) 24-51-60 — Shushkov Dmitry Alexandrovich

E-mail: dashushkov@geo.komisc.ru
avponaryadov@geo.komi.sc.ru
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NAMATH NANEOHTONOTA - IN MEMORY OF THE PALEONTOLOGIST

On October 31,2019, Senior Researcher, Candidate of geological and mineralogical sciences Vladimir Yuryevich Lukin sudden-

ly died. From 2011 to 2018 he led the Laboratory of Stratigraphy.

B nocnenHuit aeHb OKTsI0-
psg 2019 r. CKOPOMOCTUXHO
ckoHuaicst Bnanuvup IOpbesuy
Jlykun, cTapimii HaydHbIA CO-
TPYIHUK, KaHIUIAT T€0JT.- MUH.
Hayk, 3aBeylolMii jadoparo-
pueit crpaturpaduu (2011—
2018), mpu3HaHHbBIN crieuura-
JIUCT TI0 Taly/IITOMOPMHBIM KO-
pajutam.

B. 0. JIykun (16.05.1973—
31.10.2019) nocrynun Ha paGo-
Ty B J1aDOpaTOpUIO CTpaTUIpa-

¢uu HHcTUTyTa Treosoruu
Komu HII YpO PAH B 1995 .
Imocjie OKOHYaHUSI XMMUKO-OMOJIOTHYECKOTo (haKyabTeTa
CBIKTBIBKAPCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETa (CITeIM-
TbHOCTb «OMosorus»). Ilpollen myTh OT cTaxkepa- uccieno-
BaTesis IO CTapIero HayYHOT'O COTPYIHMKA, PYKOBOIUTENS
naboparopum crpaturpaguu. C 1995 mo 1998 rr. obyuaics B
ouHoit acriupantype Komu HII YpO PAH, B 2005 r. ycre-
HO 3alllUTWJI KaHAUIATCKYIO quccepranuio. HayaHsle nHTe-
pecol B. 0. JlyknHa ObuIM CBSI3aHBI ¢ UCCJIENOBAaHUEM BUJIO-
BOr'0 pa3HOOOpa3usi TabyIsITOMOP(MHBIX KOPAJIOB CUlypa U
IeBOHa ceBepa Ypana u Tumana, (uioreHesa, 3BOJIOINH,
cTparurpaduyeckoro 3HaueHUs1 ¥ 3aKOHOMEPHOCTEI pacripo-
CTpaHEeHMS TabyJIAT BO BPeMEHU U TpocTpaHcTBe. [lomydeH-
HBIe B TIpoliecce HayaHoU pabotsl Bragumupa HOpreBruua
pe3yJbTaThl HAllUIM CBOe oTpakeHue Ocosyee yeM B 100 Hayd-

He was a recognized specialist on tabulatomorphous corals.

HbIX nyonukanusx. B. FO. JIlykuH ycrnienHo covyeran Hay4HYO
NeSITeIbHOCTh C HayYHO-OpraHu3alMoHHoi. OH BO3TJIaBIsI
ChIKTBIBKapcKoe oTaeaeHue [laneoHTosornueckoro ooiie-
CTBa, ObLJT OPraHM3aTOPOM BCEPOCCUIMCKUX U MEXIYHAPOTHbIX
KOH(epeHIMii, CUMITO3UYMOB U TOJIEBbIX KCKYypcUil. 3a 3ac-
JIyTU B 00JIacTU (DyHIAMEHTATbHBIX HAyYHBIX MCCIEA0BAHUI
IUIS1 MOJIONBIX YYeHbIX Obl1 HarpaxneH [Ipemueit [TpaButesnnb-
crBa Pecriyonuku Komu.

Komnern nenunu Bnagumupa FOpweBuua 3a ym, 106po-
JKeJIaTelbHOCTh M BHUMaHWeE K JToasaM. J1o6past TaMsITh 0 HEM
HaBcerja OCTaHEeTCsl B CEpALIaX BCEX, KTO €ro 3Hall.

P G

14 okmsaébps — 100 net co gHsA poxkneHus A. r.-M. H. M. B. ®@uimmana (1919—2003). Pabotan B MHcTuTyTE Teonornu ¢ 1948
no 2003 rr., ObUT AMPEKTOPOM UHCTUTYTA, BEMYLIUM HAYYHBIM COTPYIHUKOM-KOHCYJIbTAaHTOM.

14—16 oxkmsaops 8 UT' ®UILL Komu HII YpO PAH cocrostnack Beepoccuiickas HaydyHast KoHpepeHIUs «['eoxumust He-
¢ru ¥ raza, HepTeMaTepPUHCKUX TIOPOJ, YIJISI M TOPIOYUX CJIAHLIEB».

17 okmsabps — 70-neTHUil 100uell 3aBenylolleil JabopaTopueil XMMUM MUHEPATbHOTO cbipbs (10 2013 r.) K. X. H.

T. H. TapacoBoii.

Eeeessseeeeeeeessseeeeseesees Chronicle messssssssssssss

October 14 — the 100th Anniversary of the birth of Dr.Sc. (geology and mineralogy) M. V. Fishman (1919—2003). He worked
at the Institute of Geology from 1948 to 2003 as Director, Leading Research Consultant.

October 14—16 — All-Russian Scientific Conference «Geochemistry of oil and gas, source rocks, coal and oil shales» was

held at the Institute of Geology FRC Komi SC UB RAS.

October 17— the 70t Anniversary of Cand. Sc. (chemistry) T. N. Tarasova — Head (till 2013) of the Laboratory of Mineral

Raw Chemistry.

OmeemcmeenHtblil 3a 8bINYCK:
. A. ymikoB

Pedaxmopor uzdamenvcmea:
O. B. I'abona,
K. B. OpauH (aHrnuiickuit)

Komnvromepnas eepcmka
T. B. Xa3oBoii

Csuo. o pee. cpedcmea maccosoit ungpopmayuu [TH No DC77-75435 om 19.04.2019, evidannoe Pockomnad3opom.
Omneuamano: 29.11.2019. @opmar 6ymaru 60x84 1/8. Ieuars RISO. Yeu. m. 1. 7,5. Tupax 140. 3aka3 1119.
Yupeoumenv: OeneparbHoe TOCYTapCTBEHHOE OOMKETHOE yupexkneHrne Hayku DemepatbHbIl UCCIeNOBATEIbCKHIA LIEHTP
«Komu HayuHbIil IeHTp Ypasbckoro otaeneHus: Poccuiickoit akanemun Hayk» (OULL Komu HLL YpO PAH).

Pedakuyus, uzdamenscmeo, munoepagus: U3aaTelbcKo-uHGOpMalMOHHbIN oTaen MHcTutyTa reosoruv umeHu akagemuka H. 1. FOmkuHa
Komu HaydHOTO 1IeHTpa Ypasibckoro otaeneHus Poccuiickoii akanemun Hayk DenepaibHOr0 rocyaapcTBEHHOIO OIOMKETHOTO YIPEXKICHUST HAYKU
DenepanbHOrO MCCIEI0BATENBCKOTO IeHTpa «KoMu HaydHBIN EHTp YpanbcKoro otneieHus Poccuiickoi akageMun HayK»

(UT ®UILL Komu HII YpO PAH).

Aodpec: 167982, Pecnyoimka Komu, CeikThiBKap, [lepBoMaiickasi, 54. Tea.: (8212) 24-51-60. Da. nouma: vestnik@geo.komisc.ru

Ha o6a0xcke ucnoavsosanst homo H. Kosanvuyk, E. Kywmanosoii, FO. Toay6esoi, F0. Inyxosa



