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Composition of basalts from the pre-Jurassic basement
of Western Siberia (West-Tarkosalinskaya area,

Yamalo-Nenets autonomous district)

V. S. Ponomarev, Yu. V. Erokhin, K. S. Ivanov

This paper presents the first results of study of mineralogical, petrological and geochemical composition of volcanites from pre-Jurassic basement of the West-Siberian
megabasin near the West-Tarkosalinsk oil and gas deposit. West-Tarkosalinsk area is located on the territory of Purovsky region of Yamalo-Nenets Autonomous District
of Tyumen region. Gubkinsky and Tarko-Sale are the towns nearest to the deposit. Volcanites of the well West-Tarkosalinsk 905 from the depth of 4362-4397 m have
a small amount of dolerites present in the upper part of the section, which change to porphyritic basalts with depth. By chemical composition, the studied volcanites
belong to moderate- and high calc-alkaline basalts and andesibasalts. The rocks have undergone post-magmatic transformation (formation of albite, replacement
of volcanic glass with chlorite, development of the secondary carbonate, prehnite, titanite and pumpellyite) under the conditions of prehnite-pumpellyite facies
(bottoms of the greenschist facies of metamorphism). Volcanites contain high concentration of (g / t) Ti (up to 8673), V (up to 275), Mn (up to 1304), Zn (up to 95),
Sr (up to 231), Zr (up to 162), Ba (up to 397), Ce (up to 41). The content of rare earth elements in rocks is about 59-116 g / t. The trend of distribution of rare earth
elements normalized to chondrite for basalts is characterized by a predominance of light lanthanide elements over heavy lanthanide elements and either a lack of
(W-Tar 905 / 4396.56), or the presence of a weak negative Eu anomaly. E-MORB basalts have a similar distribution of rare earth elements, but at a lower content of
light lanthanide elements. According to petrological and geochemical characteristics, the studied volcanites are similar to the basalts of Koltogorsky-Urengoysky rift

of the West-Siberian megabasin.
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B pabote Np1BOASITCS1 NEPBbIE PE3YALTATbI UCCAEAOBAHVSI MUHEPAAOTMHYECKOTO U METPOAO-
TO-TEOXMMMHYECKOTO COCTaBA BYAKAHUTOB M3 AOIOPCKOrO OCHOBAHMsI 3anaaHo-CompcKo-
ro merabacceiHa B panoHe 3anaaHo-TapKOCAAMHCKOTO HEHTEra30BOTO MECTOPOYKAEHMSI.
3anaaHo-TapKOCAAMHCKAsT MAOLIAAL PACTIOAOXKEHA Ha Tepputopum [Typosckoro paroHa
SImaro-HeHeLKoro aBToHOMHOTo okpyra TIoMeHCKOM 0BAACTY. DAV KAALMMM MyHKTaMM K
MECTOPOYKAEHMIO SIBASIOTCS1 ropoAd [yBkuHCKkuin 1 Tapko-Cane. ByAKaHUTDLI M3 CKBKMHBI
3anaaHo-TapkocaamHckast 905, BCKpLITbiE HA TAyOuHe 4362-4397 M, XapakTepusyioTcst
HaAMYMEM HEBOABLIOTO KOAMHECTBA AOAEPUTOB B BEPXHEN HaCTV paspesa, KOTOpbIe C FAy-
6MHOM MEHSIIOTCS Ha MophrpoBbie Ga3aALTLL. [10 XMMMYECKOMY COCTaBY MCCAEAyEMbIE
BYAKAHUTLI OTHOCATCSI K YMEPEHHO- U BLICOKO-KAAMEBLIM U3BECTKOBO-LIEAOYHLIM 6&3&!\1:—
Tam 1 aHae3nbasarsTam. MOPOALI MOABEPIAVICH MOCTMArMATMHECKOMY MPEOBPA3OBaHMIO
(oBpasoBaHue arLOMTa, 3aMELIEHNE BYAKAHWHECKOTO CTEKAA XAOPUTOM, PasBUTUE BTO-
PUYHOrO KapPOOHATA, MPEHUTA, MYMIEAMMTA M TUTAHUTA) B YCAOBMSIX MPEHUT-MYMITEAAU-
WUTOBOM haLmm (HU30B 3€AEHOCAAHLIEBOV haLmm MeTaMopcprama). B ByakaHMTax otve-
Yaercsl MoBblleHHas1 KoHUeHTpaumst (B /1) Ti (a0 8673), V (a0 275), Mn (a0 1304), Zn
(a0 95), Sr (a0 231), Zr (a0 162), Ba (a0 397), Ce (a0 41). CoaeprkaHne PEAKO3EMEALHDBIX
3AeMEHTOB B nopoaax 59-116 r/1. TpeHA pacrpeAeAeHms] PEAKO3EMEALHLIX SAEMEHTOB,
HOPMMPOBAHHBIX HA XOHAPUT AASI BA3aALTOB, XapPAKTEPU3YETCsl MPEOBAAAAHMEM AETKMX
AAHTAHOMAOB HAA TSDKEALIMM 1 Anbo otcyTcrBuem (W-Tap 905/4396,56), Avb0 Haanumem
cAaboli OTPULIATEALHOM EBPOINMEBON AHOMaAVN. DAM3KOE pacripeAereHne PEAKO3EMEAL-
HLIX SA€MEHTOB, HO MPU MEHLIIEM COACPIKAHMU AETKUX AAHTAHOMAOB MMEIOT 6&3&!\le.‘1
E-MORB. IMo neTpoAOro-reOXMMUYECKMM XapaKTEPUCTMKAM UCCAGAYEMbIE BYAKAHMUTLI
MIMEIOT CXOACTBO € Hasaastamy Koatoropcko-YpeHroiickoro pudpta 3anaaHo-Cubmpckoro
merabacceiiHa.

KalodeBble CAOBA: MVHEPAAOTWSI; TEOXMMMST; BA3aALTLI; ACIOPCKUIA (DYHAAMEHT; 3araaHo-
TapKOCAAMHCKOE MECTOPOYKAEHME; 3ariaaHast CUoVpD.

tudy of the basalt complexes of pre-Jurassic basement of

the West Siberian megabasin is a subject of a large number

of publications [1, 2, 3-7, 8-10, 11-15, 16 and many
others].

Triassic period is important for the understanding of the main
events in the history of the formation of the West Siberian megabasin. By
this time ended Late Paleozoic folding and granitization that consolidated
Paleozoic complexes of the vast territory of the future megabasin. Accord-
ing to the ideas of the majority of Western Siberia researchers, during the
Triassic, compression changed to sublatitudinal stretching accompanied
by the emergence of system rifts or grabens [12, 17, 18 etc.]. According to
widely known ideas of N. L. Dobretsov [19 et al.], on the territory of both
Eastern and Western Siberia existed Late Permian-Triassic superplume,
occurring mainly in the form of basaltic magmatism. Some researchers
[20 and others] Justified the idea that the Early Triassic basalts of Western
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Siberia compose a single geodynamic type associated with the main fold-
ing in related orogens and called it synorogenic. Tholeiitic magmatism of
Middle and Late Triassic, according to these authors, was accompanied
by a powerful arched uplift of the region-cataplatform arch-genesis. Then,
as they say, there was a period of regional subsidence. V. E Podurushin
[21 etc.] proposed sufficiently complex constructions of the mantle pulses
propagating like a geodynamic wave, leading to the emergence of struc-
tural parageneses of shift, as the cause of the formation of the graben sys-
tem of Western Siberia.

The variety of ideas about the nature of the geodynamic Triassic
formations of the Western Siberia shows that we cannot consider this
problem fully studied. Apparently, the main reason for the ambiguous
interpretation of the nature of the Triassic complexes of is that they are
generally overlain by a thick sedimentary cover of Jurassic and young-
er sediments and uncovered by a limited number of boreholes, mostly
drilled only to the upper edge of the Triassic formations. Therefore, due
to the limited material for research it is important to study comprehen-
sively all available core samples from the boreholes for the understand-
ing of the geological structure of the pre-Jurassic basement of the West
Siberian megabasin. Detailed analysis of these samples can significantly
expand the base of reliable data on the deep structure and development
of the territory.

In this paper, we present the first results of mineralogical and pe-
trological-geochemical composition of the volcanites from pre-Jurassic
basement of the West Siberian megabasin near West-Tarkosalinsk oil
and gas deposit. West-Tarkosalinskaya area is located on the territory of
Purovsk region of Yamalo-Nenets Autonomous District of the Tyumen
region. The nearest towns to the deposit are Gubkinskiy and Tarko-Sale.

Borehole West-Tarkosalinskaya 905 find basalts and dolerites at a
depth of 4362-4397 m. Above and below (prior to borehole bottom at
4507 m) the thickness of the basalts were uncovered volcanic tuffs of ba-
sic composition. Dolerite in small quantities appears only in the upper
part of the section, further replaced by the porphyritic basalts.

Petrography and mineralogy of volcanites

Dolerites have porphyric, dolerite structure, massive texture. Min-
eral composition: plagioclase =~ 45%; clinopyroxene =~ 20%; carbonate
= 13%; chlorite =~ 20%; titanite = 1%; ore mineral = 1%. Porphyry phe-
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nocrysts in the rocks occupy about 15% of the total volume and consist
mainly of clinopyroxene with augite composition, with traces of chloriti-
zation through cleavage cracks. Phenocrysts size varies from 0.5 to 1 cm
by elongation. The rocks have undergone intensive secondary changes.
Basalts have porphyric structure, massive texture. The rocks
have undergone secondary changes in the form of chloritization and
carbonation. The mineral composition of basalts: plagioclase = 50 %;
chlorite =~ 20%; clinopyroxene =~ 10%; carbonate ~ 5%; prehnite =~ 5 %;
pumpellyite = 5%; titanite (replaces titanomagnetite) = 3-4%; apatite
= 1%; ore minerals (chalcopyrite disseminations up to 1%).
Phenocrysts in the rock occupy about 10% of volume and consist
mainly of plagioclase and clinopyroxene (Fig. 1). Clinopyroxene phe-
nocrysts size varies from 2.5 to 7 mm in elongation, and plagioclase
- up to 2 mm. The basis of rock is presented by elongated plagioclase

Basalt with grains of plagioclase and clinopyroxene.
Photo of the cone of West-Tarkosalinskaya 905/4370.4. With the analyzer.
Zoom 25x.

Figure 1.
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laths and clinopyroxene grains in chlorite aggregates. The size of the
cross sections of plagioclase grains in the base does not exceed 0.75
mm in elongation; sectional shape is elongated-tabular. Plagioclase
microliths make up 60 % of the baseline volume, completely im-
mersed in chloritized volcanic glass. The grains of clinopyroxene in
the basis are idiomorphic relating to plagioclase.

Clinopyroxene is transparent; it has a brownish color, with no
expressed pleochroism. Frequently, in clinopyroxene grains there are
simple twins to [010]. According to the microprobe analysis pyroxene
refers to ferriferous augite (see Table 1, no. 1-9). The mineral con-
tains significant amounts of impurities of aluminum (ALO, up to 2.5
wt. %), titanium (TiO, up to 0.8 wt. %), traces of sodium (Na,O up
to 0.3 wt. %) and manganese (MnO up to 0.5 wt. %). Clinopyroxene
grains are shattered with many cracks, and at the edges are replaced
by green aggregate of secondary minerals (with a predominance of
chlorite and constant presence of pumpellyite and prehnite).

The plagioclase is transparent, sometimes has a polysynthetic
twinning by albite law. By the composition, all the grains belong to the
pure albite (see Table 1, no. 10-15), only one grain had an admixture
of up to 1.1 wt. % CaO (probably remains of the primary plagioclase).
Among other impurities, mineral contains only iron, characteristic of
plagioclases from volcanites.

Titanite in basalt is presented by complete pseudomorphisms
by skeletal crystals of primary titanomagnetite, and relicts of the ore
mineral had not survived. Pseudomorphisms size up to 1 mm. The
mineral has dark nacreous colors with the analyzer and has a brown
color without the analyzer. No pleochroism. According to microprobe
analysis one can quite confidently determine it as titanite (see Table 1,
no. 16-20), even though it contains significant impurities of aluminum
(ALO, up to 4.8 wt. %) and iron (FeO up to 2.9 wt. %). Since iron
in the mineral can enter only in position of titanium (together with
alumina), it most likely is included as a trivalent element.

Minerals of the basis came under intense change. Volcanic glass
in the rock and boundary of the grains of clinopyroxene replaced by
aggregates of chlorite. Without the analyzer, chlorite has a greenish color

Table 1. The chemical composition of minerals (in wt. %) of basalt (borehole W-Tar 905, depth 4370.4 m).

Ne Sio TiO ALO Cr,0, FeO MnO MgO CaO Na,0 K,0 Total
Clinopyroxene

1 51,22 0,82 2,54 0,02 11,46 0,28 13,51 19,13 0,26 - 99,24

2 52,00 0,65 1,74 0,01 12,04 0,31 13,27 18,89 0,27 0,01 99,20

3 51,62 0,71 2,17 0,02 11,08 0,36 13,83 19,45 0,28 - 99,53

4 51,50 0,70 1,38 - 13,37 0,45 12,74 18,68 023 0,01 99,06

5 51,60 0,77 2,22 0,14 12,59 0,37 12,27 18,87 0,25 - 99,08

6 51,23 0,80 1,85 - 13,40 0,44 11,97 18,56 0,29 - 98,54

7 52,16 0,68 1,57 - 12,67 0,33 12,96 18,96 0,28 - 99,61

8 51,21 0,82 2,35 0,04 12,78 0,44 13,73 18,16 0,30 - 99,83

9 51,56 0,72 1,69 0,07 12,83 0,30 13,08 19,03 0,29 0,01 99,57

Plagioclase

10 68,38 - 19,60 0,04 0,14 - - 0,31 11,83 0,02 100,32

11 67,32 - 19,73 0,01 0,38 0,03 0,04 1,13 11,15 0,02 99,81

12 68,08 0,05 18,21 0,07 0,15 0,07 0,09 0,27 12,17 0,02 99,18

13 68,40 0,02 18,52 0,23 0,20 - 0,04 0,10 11,61 0,03 99,15

14 68,10 - 19,21 0,36 0,08 0,06 0,02 0,16 11,43 0,01 99,42

15 68,79 - 19,34 0,10 0,12 - - 0,17 11,73 0,09 100,34
Titanite

16 29,61 36,37 247 0,24 2,01 - 0,01 28,40 0,03 0,01 99,15

17 30,29 34,98 2,64 0,06 2,63 - 0,01 28,81 0,02 0,01 99,45

18 30,28 34,98 2,44 0,06 2,65 - 0,02 28,58 0,01 0,01 99,03

19 29,84 35,22 4,76 0,01 1,26 0,02 - 28,69 0,06 0,07 99,93

20 30,89 33,41 4,93 0,66 1,43 - 0,08 27,94 0,06 0,01 99,41
Chlorite

21 28,75 0,02 15,47 0,36 29,10 0,61 12,02 0,32 0,01 0,01 86,67

22 28,58 - 15,05 0,25 28,72 0,65 11,46 0,32 0,02 0,01 85,06

23 28,97 0,02 15,81 0,86 28,75 0,51 11,70 0,39 0,04 0,02 87,07

24 27,86 - 15,43 0,34 30,50 0,63 11,31 0,27 0,02 - 86,36

Vermiculite
25 46,43 0,06 15,09 0,11 9,86 0,19 9,50 0,28 0,10 8,68 90,30
Ferrypumpellyite

26 39,03 0,04 20,16 0,20 10,59 0,19 3,42 18,29 0,02 0,02 91,97
Prehnite

27 43,30 0,03 22,50 0,21 2,28 0,10 0,50 26,96 0,03 - 95,91

28 43,09 0,03 22,80 0,06 1,97 0,03 0,45 27,48 0,02 0,02 95,95

Note: the analysis are conducted on the microanalyzer CAMECA SX 100 (IGG UB RAS, analyst V. V. Khiller).
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Table 2. Chemistry (wt. %) and trace element (g/t) composition of volcanites (borehole W-Tar 905).

Elements 1 2 3 Elements 1 2 3
SiO, 44,99 50,03 47,75 Mo 0,17 0,26 1,38
TiO, 1,66 0,75 0,89 Ag 0,31 0,13 0,18
ALO, 15,35 15,86 15,98 Cd 0,02 0,02 0,08
Fe,O, 9,55 4,77 6,14 Sn 1,74 0,79 0,98
P,O, 0,36 0,17 0,18 Sb 0,20 0,18 0,10
MnO 0,21 0,18 0,18 Te 0,04 0,01 0,01
FeO 5,90 4,60 3,90 Cs 0,09 0,12 0,13
MgO 6,29 8,69 8,82 Ba 135,49 354,82 396,66
CaO 7,67 6,52 7,04 La 18,96 8,93 11,37
Na,O 2,38 3,28 3,03 Ce 40,55 19,93 24,40
K,0 0,99 0,98 1,25 Pr 5,14 2,59 3,18

Others 4,20 3,90 4,40 Nd 21,51 11,58 13,18
Total 99,55 99,73 99,56 Sm 4,99 2,63 3,14
Li 6,07 10,06 8,24 Eu 1,51 0,80 1,05
Be 0,88 0,35 0,77 Gd 5,60 3,10 3,49
Sc 32,03 36,47 30,78 Tb 0,89 0,48 0,56
Ti 8672,96 3891,44 4434,02 Dy 6,07 3,27 3,89
\% 274,57 171,47 190,41 Ho 1,35 0,74 0,84
Cr 2,81 229,27 141,34 Er 4,09 2,25 2,60
Mn 1303,57 1081,08 1056,75 Tm 0,59 0,32 0,38
Co 30,90 31,27 29,00 Yb 3,95 2,10 2,50
Ni 13,38 61,72 61,97 Lu 0,63 0,32 0,39
Cu 79,13 45,33 55,16 Hf 4,19 2,05 2,41
Zn 94,74 50,68 58,55 Ta 0,83 0,37 0,50
Ga 18,14 9,82 12,85 w 0,81 0,35 0,58
Ge 1,55 0,98 1,15 Nb 10,15 4,87 5,81
Rb 16,83 26,40 34,31 Pb 5,90 1,41 3,39
Sr 84,22 231,20 189,04 Bi 0,03 0,02 0,03
Y 34,75 20,01 21,64 Th 3,85 1,76 2,24
Zr 161,89 76,67 93,52 U 3,25 1,51 1,87

Note: analyses were carried out on the wave spectrometer XRF-1800 of SHIMADZU company and the mass-spectrometer ELAN 9000 (IGG UB RAS, FHMI laboratory). no. 1 — W-Tar

905/4370.4 basalt; 2 — W-Tar 905/4386.6 andesite-basalt; 3 — W-Tar 905/4396.56 basalt.

with well-manifested pleochroism from dark green (by Ng) to greenish-
yellow (by Np). With the analyzer, it has an abnormal yellowish-green
color. According to microprobe analysis chlorite it is characterized
by stable chemical composition (see Table 1, no. 21-24) and refers to
the magnesian chamosite with an admixture of MgO up to 12 wt. %.
Other impurities of the chlorite are the traces of calcium, manganese
and chromium. Chlorite aggregates constantly contain accumulations
of prehnite and pumpellyite.

In the peripheral parts of chlorite clusters (particularly in the places
of substitution of volcanic glass) we observed small (10-15 microns)
foliated mica individuals. They pleochroate from dark brown to
yellowish. According to microprobe analysis we quite confidently define
it as hydrated biotite and vermiculite (see Table 1, no. 25). Apparently,
during the replacement of volcanic glass with chlorite, potassium,
sprayed within, concentrated in the form of an independent mineral.

Pumpellyite tends to clusters of chlorite and visually does not differ
from it, also composes of massive dense aggregates of greenish color.
We diagnosed it only by the results of microprobe analysis and quite
confidently defined it as ferrypumpellyite (see Table 1, no. 26). The
mineral contains up to 7.5 % water and most of the iron is composed of
oxide form, thus, amount provided in the table seems lowered.

Prehnite creates its own cluster among the chlorite-pumpellyite
aggregate, size of up to 50-100 microns, white. In the thin section it is
pure, translucent, whitish, contains no other minerals. The microprobe
analysis quite confidently defines it as the prehnite (see Table 1, no. 27—
28), even though it contains a significant admixture iron (FeO up to 2.3
wt. %). Since iron in this mineral may be included only in the position of
aluminum, then most likely it comes as a trivalent element.

Accessory apatite creates small prisms, up to 20-30 microns in
length, transparent and without inclusions. Apatite grains are immersed
in basis and rarely form inclusions in individuals of augite and plagioclase.

On the plagioclase and the basis carbonate sometimes develops,
which essentially is dolomite. The basis always contains small patches
of fine grains of sulfides, sizes of up to 50 microns. According to the
EDS-consoles all sulfides correspond to chalcopyrite and do not contain
any impurities. Dolerites and basalts undergone intensive chloritization
and carbonation in a prehnite-pumpellyite facies, i. e., in the lower
greenschist facies of metamorphism.

The chemical and microelement composition of volcanites

In the basalts from the borehole West-Tarkosalinskaya 905 one can
observe significant secondary changes, chloritization and carbonation,

as evidenced by the high content of loss on ignition (at the level of
4-4.5%). Basalts contain high amounts of alumina (AL,O, 15.35-15.98
wt. %). By the content of KO + Na,O, (3.37-4.28 wt. %3 studied basalts
belong to the rocks of normal alkalinity. At the same time, by the amount
of KO (0.98-1.25 wt. %) studied basalts are medium and high potassic
(Table 2). On the classification diagram TAS [22], two samples of basalt
(W-Tar 905/4370.4 and W-Tar 905/4396.56) from the borehole West-
Tarkosalinskaya 905 fall to the field of basalts with normal alkalinity (Fig.
2). One sample (W-Tar 905/4386.6) fell in the field of andesite-basalts. The
volcanites have an increased concentration (g/t) of: Ti (up to 8673), V (up to
275), Mn (up to 1304), Zn (up to 95), Sr (up to 231), Zr (up to 162), Ba (up
t0 397), and Ce (up to 41). The content of rare earth elements in rocks is 59-
116 g/t (Table 2). Trend of distribution of rare earth elements normalized to
chondrite for basalts (Fig. 3) is characterized by a predominance of LREE
over HREE and either lack (W-Tar 905 / 4396.56), or the presence of a weak
negative Eu anomaly. E-MORB basalts have a similar distribution of rare
earth elements, but at a lower content of LREE (primitive basalts enriched
with elements of impurities).

By the nature of distribution of rare, scattered and rare earth
elements basalts from the borehole West-Tarkosalinskaya 905 are close
to the Permian-Triassic volcanites of Koltogorsk-Urengoy rift of the
Western Siberia [11] (relatively closely located to the borehole SG-6, the
distance between them is about 130 km, and a borehole Nikol'skaya 1 in
the southern part of the said rift) and differ from basalts we previously
studied for the Danilovskiy graben of Shaim region (our data) of the
Western Siberia (basalts of Symoryahsk area) by lower contents of LREE
and REE distribution trend.

Using discriminatory charts for reconstructing the geodynamic
environments of basalts formation is widely spread. Pictures 4-6 show
the discriminatory diagrams for basalts of West-Tarkosalinsk area. On the
diagram Th-Zr/117-Nb/16 (Fig. 4) studied basalts and andesite-basalts
fall into the field of island arc basalts. On the discriminatory diagram Th-
Hf/3-Ta (Fig. 5) volcanites fall into the field of calc-alkaline volcanic arc
basalts. The diagram Zr-Ti/100-Y, (Fig. 6) samples fall within the border
area of calc-alkaline basalts and basalts of mid-ocean ridges.

Thus, the volcanite s from the borehole West-Tarkosalinskaya 905
uncovered at a depth of 4362-4397 m are characterized by the presence
of a small amount of dolerites in the upper part of the section, which are
replaced by the porphyritic andesite-basalts and basalts in the lower part
of the section. The chemical composition of the studied volcanites belongs
to the moderate- and high calc-alkaline basalts and andesite-basalts.
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Figure 2. The classification diagram TAS [22] for basalts from the borehole
West-Tarkosalinskaya 905. 1 — W-Tar 905/4370.4; 2 — W-Tar 905/4396.56; 3 —
W-Tar 905/4386.6; 4 — Field of Triassic basalts of Symoryahsk area of Danilovskiy
graben of Shaim district of Western Siberia.
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Figure 4. Discriminatory diagram Th-Zr/117-Nb/16 [25] for volcanites from
borehole West-Tarkosalinskaya 905. Here and below in Figures 4-6. 1 —
W-Tar 905/4396.56 basalt; 2 — W-Tar 905/4370.4 basalt; 3 — W-Tar 905/4386.6
andesite-basalt; 4 — field of volcanites of Symoryahsk area of Shaim region of the
Western Siberia; 5 — basalts from Tyumen borehole SG-6 [11]; N-MORB — basalts
from mid-ocean ridges, E-MORB - basalts enriched with impurities, primitive
basalts, OIB — basalts of oceanic islands.
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Figure 6. Discriminatory diagram of Zr-Ti/100-Y, [23] for basalts and
andesite-basalts from the borehole West Tarkosalinsk 905.
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Figure 3. Distribution diagram of rare earth elements normalized to chondrite
[24], in the volcanites from the borehole West-Tarkosalinskaya 905.
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Figure 5. Discriminatory diagram Th-Hf/3-Ta [25] for basalts
and andesite-basalts from the borehole West Tarkosalinsk 905.

The rocks have features of island-arc volcanites, as borehole as features
characteristic of basalts enriched with elements of impurities (E-MORB).
The study of rock mineralogy revealed that rocks have undergone post-
magmatic transformation (formation of albite, volcanic glass replacement
with chlorite, development of the secondary carbonate, prehnite, titanite
and pumpellyite) under prehnite-pumpellyite facies (bottom greenschist
metamorphic facies).

According to petrological and geochemical characteristics, studied
volcanites are similar to basalts from adjacent Tyumen super-deep borehole,
where along with tholeiitic basalts one can observe medium- and high-K
calc-alkaline basalts differences that researchers attribute to the northern
part of the Koltogorsk-Urengoy rift of Western Siberia [11 etc.].

This work was supported by the Russian Science Foundation (Ne 16-
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