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Summary. The large Yarega oil field is one of the oldest in the Timan-Pechora province (Komi Republic). The oil
from this field is very thick and highly viscous, making it impossible to extract using traditional methods. Therefore, an
oil mine was built in the 1930s; it is currently the only one in Russia. The use of shaft mining allowed for a detailed
study of the structure of the oil-bearing reservoir. In the past, the field likely had a gas cap. The geological structure of
the field, its location near a major tectonic fault, and the geochemical characteristics of groundwater and gases suggest
the involvement of deep fluids in the formation of this field.

This study examines the hydrochemistry of mercury in the Yarega mines. For this purpose, 26 samples were collect-
ed from the deposit's groundwater. The samples were collected in areas not subjected to thermal steam treatment, which
is used to accelerate oil recovery from oil-bearing formations. Mercury was detected in all samples at varying concen-
trations. As a result, possible causes of the abnormal mercury content in the deposit area and its sources were identified.
Geochemical mercury anomalies in groundwater at the Yarega oil field suggest the possibility of new oil and gas depos-
its in similar geological conditions. Furthermore, the environmental aspects of the research are of great importance for
the Yarega field area and the Ukhta district. Six thousand people live in the Yarega workers' settlement, and about one

hundred thousand in the Ukhta district. For these people, groundwater quality is of paramount importance.
Keywords: Timan-Pechora oil and gas province, Yarega field, heavy oil, oil mine, groundwater, mercury, deep tec-

tonic faults, filtration
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Introduction

Yareg extra-heavy crude oil field is in de-
veloped Ukhta area of Komi Republic which is
towards 18 km from south-west of Ukhta city
by Vorkuta-Kotlas rail (Fig. 1).

This field is found on the northeastern slope
of the South Timan on crest of Ukhta brachian-
ticlinal fold and is at depth of 130-300 meters.
This large structure of platform type stretched
more than 70 km in north-western direction, and
in crestal area it is complicated by four local
uplifts — structures of tertiary structures. The
field is confined to Yareg, Lyayol and Vezhav-
ozh structures which obtain the whole oil-
bearing contour and general extension 36 km in
the central and southern parts of fold (Fig. 2).

Yarega oil field was found, one of the first,
in Timano-Pechor oil-and-gas bearing province
in 1932. Since 1935 pilot operation of the field
started by surface wells spacing of wells was ful-
filled according to triangular well pattern with
distance between them from 75 to 100 meters.
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Surface exploitation appeared unprofitable
and in 1937 the first oil mine building started,
but since the end of 1939 — its exploitation and
operation was fulfilled on natural recovery drive
(at intervals in 1946-50). Average ratio of oil
recovery was 0,032%.

Since 1972 thermal mining technology was
used for extra-heavy crude oil recovery aimed to
reservoir recovery increase.

Middle Devonian Bed Il is oil bearing and
underlying the Devonian section foundation on
a rough surface of sericite — chlorite-quartz
shales of Riphean Base. Bed consists of mainly
quartz sandstones with low-thickness interlayers
and lenses of siltstones, mudstones and con-
glomerates (Fig. 3).

Reservoir 11l of fractured-porous-type res-
ervoirs with porosity 26% and permeability 2-3
Darcy is disrupted by blocks often partially iso-
lated by clayey material presenting in area of
blocks displacement. Shales are intensively dis-
located and fractured by subvertical cracks and
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faults with rocks displacement vertically up to
10 meters. Fractures are either gaping fractures
or they are filled by different material: clay, sili-
ca, ozocerite, and calcite.

West Siberia

= borders of the Timan-Pechora oil-gas province

D studied outcrops of the Domanik formation
G approximate area of the Domanik formation occurrence (from O. Prishepa, 2014)

[ ] scttlements

Fig. 1. Location map of the Timan-Pechora basin with
indication of the studied outcrops (the map is from
Schenk, 2011)

Fractures are followed by areas of fracturing
and microcracks. Amplitude increase can be ob-
served by depth in disturbance cutting produc-
tive strata: it is more by 2-3 times on superface
of shales than on superface of stratum IIl. In
western area of northern perecline of structure
fault throw takes a place more than 100 meters.
Large deep-seated fault passes at 10 km to east
from Yarega field, it is Eastern Timan fault pro-
nounced in basement and sedimentary cover
which was bedded in the Riphean and was con-
stantly developed from Devonian to Triassic.
Average thickness of stratum is about 70 me-
ters, maximum — 106 meters.

Abovementioned data show a high permea-
bility of section in Yarega field and a possible
active filtration of gases from deep horizons of
the Earth Crust and mantle to the sedimentary
cover, especially during activation period of the

Timan.

Fig. 2. Overview map of the Yarega field (Hedreraso-
HOCHOCTb. .., 1999)

1 — contour of balance oil reserves; 2 — outer contour of
oil content; 3 — line of wedging out of Bed Ill; 4 — bound-
aries of the area division

Material and methods

Primary objective of this research: clarifica-
tion of patterns for mercury distribution in
groundwaters of the field aimed at further usage
of obtained peculiar features of mercury hydro-
chemistry in order to determine tectonically ac-
tive areas and to predict oil and gas content of
section.

Mercury content was defined in 26 water
samples of Yarega field. Samples were cut in
areas with natural occurrence of waters which is
not affected by steam treatment. Samples were
cut in industrial mine of oil-bearing Bed Il1, Bed
“A” bedded above and from Quaternary beds of
the field (Fig. 3).
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Fig. 3. Summary lithological and stratigraphic section of the Yarega field (Hedterazonocuocts. .., 1999)
1 — gravel and pebble inclusions; 2 — sandstones; 3 — siltstones and mudstones; 4 — limestones; 5 — marls; 6 — fauna; 7 —
tuffoid horizon (tuffs, dolerites); 8 — unconformity surface
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Total mercury content was defined by color-
imetric dithizone method with previous destruc-
tion of its complex compounds. Mercury is
found in all samples in concentrations from
traces up to 10 pg/l. Maximum concentrations
of mercury are defined in groundwaters of mine
No. 2 and reach 10 ug/l. Mercury concentration
changes according to traces up to 5 pg/l and on
average is 1 pg/l in groundwaters of mine No. 1
and mine No. 3, while average mercury content
is by 3 times higher in groundwaters of mine
No. 2.

Results and Discussions

Enclosing rocks, oil of the field and gases of
the field can be considered as the potential
sources of mercury supply to the groundwaters
of Yarega field.

Average mercury content in hydrosphere is
1 pg/l. Mercury concentrations from 0,1-10 pg/l
are in water diffusion halation, and this differs
insignificantly by background readings (Muno-
Ba, bakymuna, 2005). Mercury concentrations
up to 20 pg/l were found only in acid sulphate
waters with pH 2-3 in oxidation zones of mercu-
ry sulphide deposits (for example, Nikitovo in
Ukraine). Water diffusion halation of mercury
in ground and surface waters are usually small —
100-300 m.

Low mercury concentrations in waters can
be explained by a weak solubility of mercury
compounds and its intensive sorption from solu-
tions by clay minerals, hydroxides of metals and
calcite.

Hydrogeological conditions of Yarega field
are studied well enough and are touched upon in
the works of B.N.Lubimov, M.Sh.Modelevsky
and other researchers of Yarega field. On chem-
ical composition of water in productive beds —
weakly alkaline chloride, sodium and calcium-
sodium solutions with mineralization from 36 to
93 g/l. Waters of Bed Il directly bedded on
eroded surface of shales are similar to waters of
shales themselves as there are no waterproof
layers between them.

Rocks with high mercury content are not
found in the section of Yarega field which could
allow mercury concentrations observed in wa-
ters. Even the deeper horizons of basement area
enriched by mercury are not be able to transfer
mercury to solution by alkaline groundwaters

(pH>8). Thus, rocks which build up the section
of Yarega field cannot be the source of mercury
in its groundwaters.

The second source is oil. In Western Siberia
mercury was found in all water samples of oil,
gas and gas condensate deposits of the West-
Siberia oil-and-gas bearing basin (MaryceBuy,
IMpoxombseBa, 1976). Maximum concentrations
of mercury were mo-nitored in waters of outline
zone in gas fields (up to 30 ug/l). Its concentra-
tions are minimal in waters of oil fields, and
negative diffusion halations form nearby oil de-
posits.

Lab research was carried out on inter-
reaction between water solutions of mercury
and oil. After 10 days joint thermostation by
60°C oil and water solutions of mercury concen-
trations 50 pg/l (ratio water:oil as 1:5) mercury
content reduced in water solution up to 5 pg/l.

This evidence indicates oil possibility to ab-
sorb mercury from its water solutions and do
not allow to consider oil as a potential source of
mercury from Yareg field.

The third possible source is gas. Deposit of
Bed I1l doesn't possess gas cap, but abundant
gas seep was monitored during penetration and
layer test in many wells (Kpemc, Baccepman,
MarsueBckas, 1974). It was observed that ac-
cumulations of free gas were seen in areas with
sandstones of argillitic interlayers which proba-
bly provided screen for them and protected
these accumulations from diffusion. Maximum
gas-saturation of oil is defined in mine No. 2
(225 m3/t), and maximum mercury content is
found in its waters. Gas-saturation of oils from
mine No. 1 is 145 m®/t; mines No. 3 — 122.

Gas seeps from fractured zones of meta-
morphic shales as small accumulations of free
gas and gas dissolved in waters of basement
were found in many wells on structural high of
Ukhta uplift and on its northern pericline. The
most of free gas accumulation is confined to
hypsometric rised crest positions of Ukhta fold.
Wells drilled for metamorphic shales usually
gushed water. These wells are on the aqua field
situated in the crest of fold which is northern of
Yarega. Gas factor is 1 m3/m?3.

Composition of free gas and gas dissolved
in groundwaters of Bed Il and metamorphic
shales consist of methane (prevails), heavy car-
bons (about 1%), nitrogen, hydrogen, helium,
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argon, carbon-dioxide gas. Helium, hydrogen,
methane, argon being in gases of Yarega field
are connected with deep horizons of the Earth
Crust and mantle, and this evidence allows to
consider gases from the field as the mercury
source in its groundwaters.

It is well-known about high volatility of
mercury and its possible migration in gas phase
from geochemistry of mercury. Study of volcan-
ic exhalations of fumarolic and solfataric
sources of Kamchatka and Kurils defined mer-
cury can migrate to phase of post-volcanism to-
gether with sulphur trioxide and chloride gas.
And cinnabar deposit (HgS) directly from vol-
canic gases which transfer mercury as HgCl; is
found on some large mercury deposits.
N.A.Ozerova considers mercury accumulation
in different geological settings of lithosphere as
a result of mantle degassing and indicates that
“mercury breath of the Earth” fulfills through
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the largest lineaments of global regmatic net-
work (O3eposa, 2010).

Conclusions

So, it can be proved, migration of Yarega
field gases from mantle and low horizons of the
Earth Crust fulfilled by filtration on zones with
rupture anomaly of folded basement of high
rock fracturing in sedimentary cover. Presence
of mercury in waters of field shows its entry to
sedimentary cover on preexistent faults of
basement currently. Otherwise mercury was in-
took by oil or sorbed by minerals of enclosing
rocks.

This research can be used for prediction of
oil and gas content section on mercury geo-
chemical anomalies on zones with large tectonic
faults. Moreover, environmental study is of spe-
cial significance for field area and for region as
awhole.
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UCTOYHUKHU U MUTPALIAS PTYTHU B T'HIPOTEOXUMHUYECKOM
CUCTEME APETCKOI'O HEOTAHOI'O MECTOPOXKIEHUA

Bbaxkyauna JLIL., loBxuxkosa E.I'.
Tocyoapcmeennulii mexnuueckuti yHusepcumen,
Pecnybnuxa Komu, Poccus
169300, Yxma, ya. Ilepsomaiickas, 13: luda5200@bk.ru, dovzh57@yandex.ru

Pe3zrome. KpynHoe SIperckoe HepTsSIHOE MECTOPOXKACHHE OJTHO M3 cTapeHmmx B TumaHo-Iledopckod MpOBUHITMH
(Pecnyonuka Komu). Hedth 3TOr0 MectopoxkaeHus: OYeHb TycTas U BHICOKOBSI3Kas W JIOOBIBATh €€ TPaJULIHUOHHBIM
CHocoOoOM 0Ka3aJoch HEBO3MOXKHO. [loaToMy ele B TPHIATBHIX Trojax HPOLUIOro Beka OblLia MOCTpoeHa HedTsiHas
1axTa, B HacTosIee BpeMs oHa enuHcTBeHHast B Poccun. axTHBIN cnocob pa3paboTku He(TSHOW 3aJIeKH TO3BOIHII
JIOBOJIBHO JIETAIILHO U3YYHUTh CTPOCHUE HE(YTEHOCHOTO IUiacTa. B mponutoM, BecbMa BEpOSTHO, MECTOPOXKICHUE UMEIIO
ra3oByl0 IIanky. ['eosormyeckoe CTPOSHHE MECTOPOXKICHHMS, PacIOjOKEHHE BOJIM3M KPYIHOI'O TEKTOHHYECKOTO
pasjioma, a TaKKe TeOXHMMUYECKHE XapaKTepHUCTHKM MOA3EMHBIX BOJA U Ta30B IO3BOJIAIOT MpEAINoNaraTh y4yacTue
TITyOMHHBIX (QIIFOUI0B B (POPMHUPOBAHUH STOTO MECTOPOKIACHUS.

HanHas pa®oTa MOCBAIICHA W3YYCHHIO THAPOXHMHH PTYTH B paifioHe Sperckmx maxt. Jns 3Toit memm Obum
oToOpanbl 26 mpo0 W3 MOA3EMHBIX BOI MeCTOpOXxIeHHs. [IpoOsl oTOMpamuch Ha ydYacTKaX, HE ITOABEPTIIHXCS
MapOTEIUIOBOMY BO3ACHCTBHIO, KOTOPOE HCHONB3YyeTcs IS YCKOpeHHs He(TeoTnadn HePTEHOCHOTo Iwiacta. PTyTh
oOHapykeHa BO BCEX Mpo0ax B pa3IMIHBIX KOHIECHTPAIMAX. B pe3ynprare OBUIH BEISBICHBI BO3MOXHBIC MPHIMHEI
AHOMAJIBHOT'O COJICpXaHUSA PTYTH B palioHE MECTOPOXKICHHA U €€ MCTOYHMKH. |'€OXMMHUYECKHEe aHOMAJIHHM PTYTH B
IPYHTOBBIX Bojiax SIperckoro He(TSIHOTO MECTOPOXKICHHUS MPENOCTABISIOT BO3MOXKHOCTH MpEJIoJiaraTh HaJlMuue
HOBBIX MECTOPOXKICHUH HEe(TH M ra3a B CXOIHBIX I'€OJIOTHYECKUX YCIOBUsAX. Kpome Toro, BakHOE 3Ha4€HHE MMEET
9KOJIOTHYCCKUI aCHEeKT MCCIICNOBAaHUM Ui pailoHa SIperckoro MeCTOPOKACHUS M YXTHHCKOro paiiona. B pabouem
nocejke flpera NMpo>KUBAKOT HIECTh THICAY YEJOBEK, B YXTUHCKOM palOHE OKOJO cTa Thicad. M s 3Tux mronaen
Ka4yecTBO MOJ3EMHBIX BOJ HMEET OTPOMHOE 3HaUCHHUE.

Knrueevte cnosa: Tumano-Ilevopckas nepmecasonocnas npogunyus, fpezckoe mecmopodicoeHue, msxcenas
Heghmb, HehmaAHASA WAXmMA, NOO3eMHble 800bl, PIMYMb, MEeKMOHUYeCKUe 2TYOUHHbLE PA3IoMbl, PUIbMPaAYUs

YAREQA NEFT YATAGININ HIDROGEOKIMYA SiSTEMINDO
CiVONIN MONBOLORI VO MIQRASIYASI

Bakulina L.P., Dovjikova Y.G.
Dovliat Texniki Universiteti, Respublika Komi, Rusiya
169300, Uxta, Pervomay kii¢., 13: luda5200@bk.ru, dovzh57@yandex.ru

Xiilasa. Boyik Yareqa neft yatagi Timan-Pecora vilaystinde (Komi Respublikasi) an qadim yataqlardan biridir.
Homin yatagin nefti ¢ox qat1 vo yiiksok 6zliiliiklii oldugu {igiin onun onanavi iisullarla hasilatt miimkiin deyil. Bu mog-
sadla kecan asrin 30-cu illorindo Rusiyada tikilon neft moadoni giiniimiizde ds yegano olaraq qalir. Neft yataginin islon-
masi ticiin madon iisulu neftli tobaganin strukturunu kifayst qador otrafli 6yronmoys imkan verirdi. Kegmisdo yataqda
qaz papagmin olmasi giiman edilir. Yatagm geoloji qurulusu, boyiik tektonik qirilmalarin yaxinlhiginda yerlosmasi,
yeralt1 sularin va qazlarin geokimyovi xiisusiyyatlori bu yatagin omolo golmasinds darinlik fluidlorinin istirakin1 demayo
osas verir.

Bu todqgiqat Yareqa moadenlorinds civenin hidrokimyasinin dyranilmesine hasr olunmusdur. Homin mogsadls yatagin
yeralt1 sularindan 26 niimuno gotiirilmiisdiir. Niimunoslor neftli laylardan neftin ¢ixarilmasinmi siiratlondirmok {igiin
istifado olunan termik buxar emalina moruz qalmayan orazilords toplanmisdir. Biitiin niimunsalorde miixtslif konsentra-
siyalarda civo askar edilmisdir. Noticodo, yatagin yerlosdiyi rayonda cive soviyyasinin normadan konara ¢ixmasinin
miimkiin sobablori vo onun manbalori miloyyon olunmusdur. Yareqa neft yataginda qrunt sularinda civenin geokimyavi
anomaliyalar1 oxsar geoloji seraitds yeni neft vo qaz yataqlarinin mévcudlugundan xabar verir. Bundan slavs, Yareqa
yatag1 vo Uxta rayonunda aparilan tadqiqatlarin ekoloji aspekti miithiim shamiyyat kosb edir. Yareqa fohlo gasabasinds
6000, Uxta rayonunda iso toxminon 100.000 nofar yasayir. Bu insanlar ii¢iin yeralti sularin keyfiyyoti boyiik chomiyyat
kosb edir.

Acar sozlar: Timan-Pegora neft va qaz vilayati, Yareqa yatagi, agir neft, neft madoni, yeralti sular, civa, tektonik
dorinlik qirilmalari, filtrasiya
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