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Relevance of the work is due to the possibility of a detailed study of Devonian foraminifers with apatite shells and the reconstruction of specific con-
ditions for their formation. Foraminifer shells are morphologically similar to Parathurammina aff. tamarae L. Petrova, 1981, the Eifelian-the Givetian,
which were found in thin sections of samples of carboniferous and chiselly aleuropelites of the ore-bearing strata of the Safyanovsky copper-sulphide
deposit (Middle Urals) for the first time.

Purpose of work. Detailed study of the shells of Devonian foraminifers similar to Parathurammina aff. tamarae L. Petrova, 1981, as well as reconstruc-
tion of sedimentation conditions for carboniferous and chiselly rocks of the ore-bearing strata of the Safyanovsky copper-sulphide deposit.

Research methodology. Shells were studied in thin sections of carboniferous and chiselly aleuropelite samples. The detailed study of morphology
and composition of the shells was carried out using a scanning electron microscope JSM-6390LV (JEOL) with an energy-dispersive spectrometer Inca
Energy 450, an electron microscope Tescan and an electron probe microanalyzer Cameca SX100.

Results. Size and morphology of the shells were determined; it was also found that the walls of the shells of the studied foraminifers were represented
by fluorapatite. It was assumed that initially they were calcareous, and subsequently were replaced by apatite and quartz. However, more detailed
studies did not reveal traces of substitution of carbonate rock for apatite.

Conclusions. Compared with Parathurammina aff. tamarae L. Petrova, 1981, shells have a reduced size and a smaller number of fauces, which can be
explained by unfavorable habitats in a shallow sea basin, where carbonate sedimentation was suppressed by a significant influx of volcanic material.
The presence of sulfide minerals in nucleus of shells may indicate to the specific habitat (pH of the environment, salinity of supra-bottom water) of
foraminifers. Findings of fossils of green, siphon algae together with studied foraminifers indicate that formation of the original substrate took place in
near-surface layers (up to 200 m) of the photic zone of seas.
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ntroduction
The Safyanovsky deposit is located in 10 km to the northeast of Rezh (town) within the East Ural lifted block, in the
southern part of the Rezhevskaya structural and formation zone. It is confined to the southern part of the Boroukhinsky
tectonic block composed of igneous-sedimentary rocks of the Devonian and Mississippian period (Fig. 1).

Igneous rocks of the ore-bearing strata are represented by andesites, dacites, rhyodacites and their tuffs. The rocks of the
Boroukhinsky block along the Zabolotsky thrusting of the northwestern dip superpose the limestones of the Carbonic period
of the Pokrovsko-Mironovsky block. Along the Rezhevskoy mass overthrust of western dip, they are covered with limestones of
the Middle-Upper Devonian, igneous-sedimentary rocks of the Upper Devonian; they also border with serpentinites of the Re-
zhevskoy massif (O,). The rocks were tectonic, brecciated affected and hydrothermally altered. The main ore-shoot of the deposit
is developed with an open-cut mining and a mine. The southern flank of the deposit sharply wedges out, and the northern one
goes to the series of apophyses, which are represented by massive pyrite, copper-zinc and veinlet-impregnated sulphide ores. The
ore-bearing strata of the deposit have a thickness of about 500 m.

Noncarbonate shells of foraminifers were found in carboniferous and chiselly rocks, as well as igneous-sedimentary rocks
(Fig. 2, a, b) of the ore-bearing strata of the Safyanovsky deposit [1, 2].

Objects of research, methods of study and discussion of results

Shells those are morphologically similar to Parathurammina aff. tamarae L. Petrova, 1981 [5], the Eifelian-the Givetian,
were studied in thin sections of carboniferous and chiselly aleuropelite samples. The detailed studies of the morphology and
composition of the shells were carried out in the laboratory of physical and chemical methods of the Institute of Geology and
Geochemistry of the Ural Branch of the Russian Academy of Sciences. The studies conducted using a scanning electron micro-
scope JSM-6390LV (JEOL) with an energy-dispersive spectrometer Inca Energy 450 (S. P. Glavatsky as an operator), an electron
probe The Cameca SX100 microanalyzer (D. A. Zamyatin as an operator). The places for studies are the Mining Institute of the
Perm Scientific Center of the Ural Branch of the Russian Academy of Sciences and the mineralogy laboratory (Tescan electron
microscope with E. P. Chirkova as an operator). By scanning electron microscopy over 10 shells were studied; some images with
high resolution were obtained that allows to fix the parts of microstructure of walls (Fig. 3, ¢, inset); 114 determinations were
performed; energy-dispersive spectra from the walls of shells were obtained (Fig. 3, ¢) (58 spectra from 8 sites in total).

Shells are secretory and rounded. Their outer diameter is 0.1-0.21 mm, the internal diameter is 0.08-0.18 mm. They have a
threeply wall of 0.005-0.028 mm thick, short papillose (sometimes, average length) fauces of 0.01-0.066 mm in height (Fig. 3, a, b);
the number of fauces varies from 1-2 to 8; in total, the sizes of 23 shells were determined. In some shells, one can see the scar of
attachment of organisms to the bottom. That may indicate a benthic community of these foraminifers [6].

In contrast to carbonate shells of foraminifers Parathurammina aff. tamarae L. Petrova, 1981, the found shells have a reduced
size and a smaller number of fauces, which can be explained by unfavorable habitats in a shallow sea basin, where carbonate
sedimentation was suppressed by a significant influx of volcanic material. Good preservation and frequent coating of shells with
pelitic matter, as well as traces of sedimentation, show the burial of shells in shallow marine conditions near the habitat [6].
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Figure 1. Areal map and geologic pattern of the Safyanovsky ore field. 1 — Safyanovsky ore field; 2 — open-cut mining; 3 — tuffs of acidic
composition with beds of carboniferous and chiselly rocks; 4 — tuffs, igneous-sedimentary rocks with beds of limestones; 5 — igneous-sedimentary
rocks, sandstones, aleurosandstones; 6 — serpentinites; 7 — marbled limestones; 8 — limestones; 9 — tectonic boundaries, dislocation with a break
in continuity; 10 — geologic boundaries.

PucyHok 1. O630pHas kapTa u reonoru4yeckas cxema CacbsiHoBckoro pyaHoro nons. 1 — CadbsiHoBckoe pyaHoe norne; 2 — kapbep; 3 —
Tydbl KUCIOro COCTaBa C NPOCNOAMU YrNepoaNCTO-KPEMHUCTLIX NOPOA; 4 — Tydbl, ByNKaHOreHHO-0CaA04HbIe MOPOAbI C MPOCOSIMU N3BECTHSIKOB;
5 — BynkaHOreHHo-ocafo4Hble NOPOAbI, MECHAHWKM, aneBponecHaHnku; 6 — CepneHTUHUTLI; 7 — MPaMOPU30BaHHbIE N3BECTHSIKN; 8 — N3BECTHSIKY;
9 — TEKTOHWMYeCKMe rpaHuLibl, paspbiBHble HapyLLeHns; 10 — reonornyeckve rpaHuLb.

Figure 2. Graded bedding and rolling contacts in carboniferous and chiselly rocks of the Safyanovsky deposit. a — sandstone, horizon
is 157 m; b — sandstone, horizon is 100 m (open-cut mining based, 200 m — mine face). The rocks occur in a section in the form of benches with
a thickness from 0.1 to 1.5 m [3]. They are represented by psephitomeric psammite tuffites, crystal-lithoclastic and pelitolite differences, and are
composed of fragments of quartz, plagioclase crystals, subrounded fragments of rhyodacites. They contain shells of foraminifers, radiolarians,
accumulations of algal residues and carbonaceous matter with definable residues of siphon algae [4]. The basic finely dispersed mass consists of
quartz, chlorite, plagioclase, mica, kaolinite, and carbonates. Sandstone deposits, which are also found in the ore-bearing stratum of the deposit,
have graded bedding and sometimes rolling contacts with carboniferous and chiselly rocks (Fig. 2, a).

PucyHok 2. pagaunoHHasi CNoncToCTb U BOJTHUCTbIE KOHTAKTbl B KPEMHUCTO-yrnepoamncTbix nopogax CadbsAHOBCKOTO MECTOPOXAEHUS. a —
nec4aHuk, ropusoHT 157 M; 6 — necyaHmopusoHT 100 M (oTcueT oT 3abos kapbepa, 200 M — 3aboit). MNopoap! 3aneraT B pa3pese B BuAe navek
MoLuHocTbo oT 0,1 oo 1,5 m [3]. OHK npeacTaBneHbl NCeUTO-NCAMMUTOBBLIMY TyddUTaMK, KPUCTANIO-NUTOKITACTUYECKUMY U NENUTOSNTUTOBLIMU
pasHOCTSIMU U CrOXeHbl 0brnomMkamu KBapLa, Kpuctaniamu nnarvoknasa, yrinopato-okataHHbIMK obrioMkamu puogauutoB. CogepxaT pakoBUHbI
dopamMuHmudep, pagmonsipuii, CKONMeHUs BOLOPOCNEBLIX OCTaTKOB U YITepOAMCTOro BeLLecTBa, NpUYeM BCTPeYaloTcs onpeaenumble oCcTaTku
cndoHoBbIX Bogopocrel [4]. OcHoBHas TOHKOAMCNEPCHas Macca COCTOUT M3 KBapLa, XopuTa, nnarMoknasa, crnofbl, KaonuHuta, kapboHaToB.
[MecyaHKoBbIE OTMNOXEHMWS, KOTOPbIE TaKKe BCTPEYATCS B PyLOBMELLAIOLLEN TOrle MEeCTOPOXAEHUS, UMEIOT rpafalnoHHY0 CITIOUCTOCTb U
MeCTaMu BOJTHUCTbIE KOHTaKTbl C KDEMHUCTO-YINEPOANCTLIMY NopodamMu (puc. 2, a).

The presence of sulphide minerals in the shells nuclei indicate the specific habitat conditions of these foraminifers. For example,
shells can sometimes be filled with framboids (Fig. 4) formed due to the vital activities of sulfur bacteria (“mineralized bacteria”)
under conditions of oxygen deficiency [7].

Moreover, crystalline pyrite (Fig. 5, a), sphalerite and faded ores (Fig. 5, b) are also found in planes of foraminifer shells.

It was assumed that the shells of these foraminifers were originally calcareous, and subsequently were replaced by apatite and
quartz [6]. As for the pseudomorphic replacement of fossils is concerned, the results of experimental studies of the hydrothermal
substitution of apatite carbonates have revealed that poriness of initial substance plays an important role in replacement of calcite
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Figure 3. Photos made with a scanning electron microscope. a — foraminifer shells in carboniferous and chiselly aleuropelites; b — morphological
structure of the shells; ¢ — foraminifer shells with fluorapatite wall and energy-intensive spectrum (right), fibrous microstructure of the wall is on
the right inset map.

PucyHok 3. COM-¢oTo. a — pakoBuHbI opammnHudep B yrmepoancTo-KpEMHUCTbIX anesponenutax; 6 — mopdgonornyeckoe cTpoenve
pPaKoBWH; B — pakoBUHa hopamuHudepbl ¢ TopanaTntoBomn cTeHkon n 3 C-cnekTp (cnpasa), Ha Bpe3ke crieBa BONIOKHUCTas MUKPOCTPYKTYpa
CTEHKMU.

20kV  X1,500 10pm 11 54 BES

Figure 4. There is a framboidal pyrite in planes of foraminifer shells.
PucyHok 4. B nonocTtsix pakoBuH chopaMmuHucpep BcTpeyaeTcs opambonaanbHbIA NUPUT.

and aragonite [8]. Moreover, the uneven weeping of the solution in the rock is also important. With slower and uneven weeping
and fragmentary substitution in aleuropelites, definable fragments of fossils can be retained, which could be destroyed in the
course of sedimentation.

But the detailed studies of the found shells did not reveal any traces of substitution of apatite carbonate. According to
semi-quantitative analysis, the ratio of Ca/P in the walls of shells varies from 1.6 to 1.9. Almost at all points of determinations,
there is F from 7 to 3 atom per cent in the walls of shells. The studies with the use of microprobe made it possible to refine the
contents of F and confirmed the hypothesis that the wall of the shell consists of fluorapatite (Table).

It should be noted that the inner part of the shell and the space between the apatite layers of the wall consist of silica (Fig. 3, b).
The Table shows the wall composition of the shell, which contains a certain amount of SiO,, as well as the analysis of fluorapatite

36 Copoka E. U. u gp. AnaTuToBble pakoBWHbI AeBOHCKMX popamuHudep (CadbAHOBCKOe MefHOKOMUeOAHHOE MeCTOpPOXKAEeHWe,
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Figure 5. Sulphide minerals found in planes of foraminifer shells; composition of elements is shown on the energy-intensive spectra.
a — pyrite crystals; b — sphalerite and faded ores.
PucyHok 5. CynbduaHble MMHepanbl, yCTaHOBINEHHbIE B MONIOCTAX pakoBuH cdhopamuHudep, aNemMeHTHbIN cocTaB nokasaH Ha Q[ C-
cnekTpax. a — Kpuctannel nuputa; 6 — cdpaneput n bneknele pyap.

Composition of the apatite wall of the shell according to microprobe analysis.
CocTaB anaTuTa CTeHKU paKOBUHbI MO AaHHbIM MUKPO30OHAOBOIO aHanusa.

Numerical order of the analysis

Components wt. %

1 2 3 4 5
SiO, 0.43 1.35 2.32 0.15 0.03
PO, 40.98 36.86 35.46 32.81 41.97
ALO, 0.02 0.24 0.35 0.36 0.04
MgO 0.02 0.14 0.21 0.16 0.05
CaO 53.98 524 51.1 46.45 55.64
MnO 0.01 0.04 0.03 0.02 0.2
FeO 0 0.06 0.13 0.96 0.55
Na,O 0.27 0.25 0.35 0.35 0
SrO 0.09 0.12 0.08 0.26 0.03
F 3.32 4.35 413 4.01 2.29
Cl 0.43 0.05 0.03 0.05 0.41
SO, 0.59 0.42 0.43 1.07 0.04
Amount 100.14 96.28 94.85 86.65 101.24
Elements, atom per cent
Si 0.17 0.56 0.97 0.07 0.01
P 13.74 12.85 12.56 12.76 14.04
Al 0.01 0.01 0.17 0.2 0.02
Mg 0.01 0.08 0.13 0.11 0.03
Ca 22.92 23.13 22.91 22.86 23.55
Mn 0 0.01 0.01 0.01 0.07
Fe 0 0.02 0.04 0.37 0.18
Na 0.21 0.2 0.28 0.32 0
Sr 0.02 0.03 0.02 0.07 0.01
F 4.16 5.67 5.47 5.83 2.86
Cl 0.29 0.02 0.04 0.04 0.27
S 0.18 0.3 0.14 0.37 0.01
(0] 58.3 57.18 57.26 57.01 58.99

Copoka E. M. v gp. AnaTutoBble pakoBWHbI 1eBOHCKUX dopamuHudep (CadpbaHOBCKOe MegHOKONUeJaHHOE MecTopoXaeHue, 37
CpepHwit Ypan) // UsBectus YITY. 2018. Boin. 3(51). C. 34-39. DOI10.21440/2307-2091-2018-3-34-39



HAVKH O 3EMAE E. I Soroka et al. / News of the Ural State Mining University 3 (2018) 34-39

from the matrix of the rock (Table, analysis 5). Actually the SiO, content is low in the fluoropatite from the rock. Probably, the
matrix affects the wall of the shell, because thickness of the wall is extremely small. It should be noted that the amount of P and O
is somewhat underestimated compared to the standard fluorapatite (analysis 1) and apatite in the rock (analysis 5). The F content
is high enough, higher than the standard one. It can be assumed that the positions of phosphorus in the apatite trellis of the shell
wall can be partially occupied by carbonate ion [9].

Biologically, phosphate substance of bones and teeth is usually represented by the apatite group [9]. Hydroxylapatite exists in
dentin - a solid base of human teeth - it forms the crystalline basis of hard tissue. In addition, phosphates, including hydroxylapatite
and carbonate, exist in uroliths that can appear in human body [10]. It is established that pH of the solution has a significant effect
on the composition of the forming stones [11].

It is known that the conodont elements, which are the mineralized remains of the parts of the conodont’s mouthparts (an
extinct group of marine organisms), consist of different layers of fluorapatite and collagen protein that form during the life of
organisms. Fluoride hydroxylapatite of the conodont elements is well studied, its crystal structure is specified, and the features of
the elemental composition are revealed [12]. The studies of the mineral composition of hard tissues of the late Devonian conodont
elements showed fluorapatite with an atomic ratio of Ca/P = 1.60-1.65. In addition, some fluctuations in Sr content were noted
[13]. Strontium exists in the walls of the shells of apatite foraminifers (Table) which we study.

Conclusions

According to [14], Devonian paraturamines with a secretion calcareous shell are found in the Petropavlovskaya and Turinskaya
structural and facial zones of the eastern slope of the Urals in biomorphic tabular-amphipore limestones and rarely in clayey
limestones and chalky clay. Foraminifers with noncarbonate agglutinated shell and siliceous and ferruginous cement are known in
sedimentary deposits of the Triassic of Western Siberia [15]. Thus, Devonian foraminifers with a non-carbonate secretion apatite
shell are found for the first time in igneous-sedimentary rocks of the eastern slope of the Urals. Probably, some specific conditions
of sedimentation are typified for igneous-sedimentary rocks of the ore-bearing strata of the Safyanovsky deposit: pH medium and
salinity of the supra-bottom water. In addition, the findings of fossils of green and siphon algae indicate that formation of initial
substance took place in shallow conditions (up to 200 m) of the photographic zone of seas.

The work was carried out within the framework of the state task of the Zavaritsky Institute of Geology and Geochemistry of the Ural
Branch of the Russian Academy of Sciences (State registration No AAAA-A18-118052590028-9 and AAAA-A18-118052590032-6).
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ApTtemuii JibBoBUY AHPMMOB

AKTYaALHOCTB PA6OTLI OOYCAOBAEHA BO3MOYKHOCTBLIO AETAALHOTO M3Yy4YEeHMST AEBOHCKMX (POpPaMUHUDED C anaTUTOBLIMM PAKOBUHAMM M PEKOHCTPYKLIMM
Crneumguyeckmx YCAOBUM Mx obpasoBaHmsl. PakoBuHbI hopammHmcep, MOPPOAOrMYECKM MOXOXKME Ha Parathurammina aff. tamarae L. Petrova, 1981,
SNPEAL—KMBET, BbIAM OBHAPYIKEHDLI B TOHKMX CPe3ax OOPAasLOB YrA€POAUCTO-KPEMHUCTLIX AAEBPOMEAUTOB pyAOBMewatowel Toauy CachbsHOBCKOro
MEAHOKOAYEeAAHHOTo MectoposkaeHust (CpeaHuit Ypaa) BriepBble.

LleAn pa6oTLI: ACTAALHOE U3yYEHNE PAKOBMH AEBOHCKMX (DOPAMMHMMEP, MOXOXKMX Ha Parathurammina aff. tamarae L. Petrova, 1981, u pekoHCTpyKLMst
YCAOBUIT OCAAKOHAKOMAEHMS YTA€POAUCTO-KPEMHMUCTLIX MOPOA pyAoBMellatowelt ToAm CachbsiHOBCKOTO MEAHOKOAYEAAHHOTO MECTOPOYKAEHMSL.
MeToAOAOIMSI MCCAEAOBAHMII: PAKOBMHDI M3YHAAMCh B TOHKMX CPE3aX OOPA3LIOB YTAEPOAMCTO-KPEMHUCTLIX AEBPOMEANTOB. ACTAALHOE M3YYEHUE MOP-
chorormm 1 cocraBa PaKOBUH MPOBOAMAOCL MPU MOMOILM CKAHUPYIOWETO 3A€KTPOHHOro Mukpockora JSM-6390LV (JEOL) ¢ DAC-cnekrpomeTpom Inca
Energy 450, 3AeKTPOHHOro MMKpockorna Tescan 1 3A€KTPOHHO-30HAOBOTO M1KpoaHaamsatopa Cameca SX100.

Pe3yALTaTbl: GLIAV OMPEAEAEHD! PAa3MEPLI M MOPCPOAOTMSI PAKOBUH, TAKKE YCTAHOBAEHO, YTO CTEHKM PAKOBMH U3ydaeMbiX hopammuHmpep MpeACTtaBAeHbI
propanarmtom. MPeAnoAararoch, YTo M3HAYAALHO OHM OLIAM M3BECTKOBMCTLIMU, & BIIOCAEACTBUM OLIAV 3aMeLLeHbl araTUTOM M KBapLIEM, OAHaKO Goree
A€TaALHBIE UCCAEAOBAHUSI HE BLISIBYAM CAEAOB 3aMelleHmsl KapOoHaTa anaruTom.

BuIBoABI: 1O cpaBHeHUIO ¢ Parathurammina aff. tamarae L. Petrova, 1981, pakoBuHbLI MMEIOT YMEHbLIEHHbIE Pa3Mepbl M MEHbIee KOAUYECTBO YCTLEB,
YTO MOYKHO OBBLSICHUTL HEBAATOMPHMSITHLIMY YCAOBUSIMU OOMTAHMSI B MEAKOBOAHOM MOPCKOM BacceiiHe, B KOTOPOM KapBGOHATHOE OCAAKOHAKOMAEHME OLIAO
MOAABAEHO 3HAYMTEALHBIM MPUBHOCOM BYAKAHMHYECKOTO Mareprard. O creLmuyHLIX YCAOBUSIX 0OuTaHus (PH cpeabl, MMHEpaAM3aLmsl MPYAOHHDLIX BOA)
hbopammHmhep MOYKET CBUAETEALCTBOBATL MPUCYTCTBME CYAL(OMAHLIX MMHEPAAOB B SIAPAX PAKOBMH. Haxoakn choccranii 3eaeHbiX, cMhOHOBLIX BOAOPO-
CA€ll COBMECTHO C M3y4aembiMM (DOPAMMHUDEPAMM CBUAETEALCTBYIOT O TOM, YTO OTAOXKEHME MEPBOHAYAALHOIO CyOCTPATA MPOXOAVAO B MAAOTAYOUMHHLIX
ycroBusix (A0 200 M) choTHECKOi 30HLI MOPENA.

KatoyeBbie caroBa: Cpeannii Ypaa; CahbsiHOBCKOE MEAHOKOAYEAQHHOE MECTOPOXKAEHUE; (POCCUAMM; A€BOHCKME chopamMuHMbepbl; chTtopanartmr.

Paboma evinonnena 6 pamxax memvl 2ocyoapcmeennozo 3adamusi UIT YpO PAH (Ne eoc. pesucmpavuu AAAA-
A18-118052590028-9 u AAAA-A18-118052590032-6).
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