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The relevance of the study consists in the insufficient level of scrutiny of the crystalline basement of the West Siberian megabasin. The purpose of
this research is to study the material composition and age of granitoids from the pre-Jurassic basement of Krasnoleninsky oil and gas region in the
Ural part of the West Siberian megabasin.

Research methodology: a detailed study of mineralogy, petrochemistry, geochemistry and age (different isotope systems using K—Ar, Rb—Sr and U—
Pb methods of dating) of the granites in the Krasnoleninsky area.

Results. The mineralogy and petrogeochemical of the Krasnoleninsky region granites are studied in detail. It was found that rocks are composed of
quartz, plagioclase (albite and oligoclase), potassic feldspar (microcline and orthoclase) and mica (annite). The accessory mineralization in the form
of rutile, apatite, magnetite, titanite, monazite, zircon and cassiterite is added. Granites are subject to propylitization, which is expressed in the
development of secondary carbonate, chlorite, sericite and albite. The sulfide (chalcopyrite, galena) and native (gold, silver) mineralization is also
added to it. On petrogeochemical characteristics of rocks belong to granitoids of S-type, the source of substance for them was mainly sedimentary
rocks. Granites are of early Permian age, which, apparently, reflects the process of raising granites to the level of the upper crust during riftogenesis
and stretching of the entire region.

Summary. The granites of the Kamennaya petroleum exploration area are an integral part of the regional Shaimsky-Kuznetsovsky anticlinorium. The
time of magmatic introduction and crystallization of granites of the Krasnoleninsky area is estimated at 300 million years, as well as of the granitoids
of the nearby Shaimsky oil and gas area. The difference between U-Pb (297.9 + 3.8 million years) and Rb-Sr (291.8 £ 2.1 million years) granite ages is
likely to result from the gradual cooling of the granite massif. This happened because the uranium-lead isotope system closes at a higher temperature
than the rubidium-strontium one. We interpret the “Mesozoic” numerals obtained by the K—-Ar method as the time of the last tectonic-thermal events,
most likely expressed in the form of granites propylitization.
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ntroduction
World experience shows that granitoids are the most promising for searching hydrocarbon deposits out of all the
complexes of sedimentary basins basements, and only then - limestone or other rocks [1 and others]. Western Siberia
in this sense is no exception. Apparently, this is primarily due to the low specific gravity of granites. It is due to this, that granite
batolites, together with the surrounding sialic slates, often form large (usually up to several hundred meters) ledges on the
basement surface. When the crimp of these ledges with clay packs of the lower horizons of the sedimentary cover takes place
(these packs are impermeable beds), the industrially significant tanks are often obtained with oil and/or gas condensate. This
happens due to the cracks and secondary changes in granitoids. This especially happens in the event of the joining of lower oil-
saturated horizons of the sedimentary cover to the traps of this type.

We have studied the deep core of granitoids from a large massif within a Kamennaya oil exploration area located within the
Krasnoleninsky oil and gas region. This area is located directly northeast of Shaimsky area. Its foundation is the major regional late
Paleozoic “granite-schist axis”, also known as the Shaim-Kuznetsovsky meganticlinorium of the Trans-Uralian uplift (the central
axial part). The Northern part of the late Paleozoic “granite-schist axis” can be traced, according to the geological and geophysical
mapping [2], in the form of several granite plutons in the pre-Jurassic basement of the Krasnoleninsky uplift.

Mineralogy and geochemistry of granites

The Kamennaya area granitoids have a massive texture, medium-grained to fine-grained, weakly porphyritic structure (Fig. 1).
The main rock-forming minerals are: plagioclase (= 40 %), potassic feldspar (= 25 %), quartz (= 25 %), biotite (8-10 %), accessory
minerals — apatite, zircon, rutile, titanomagnetite, and monazite.

The plagioclase forms tabular or slightly idiomorphic grains with a size of 0.4-5 mm in diameter. It is presented with a
zonal (number of zones from 2 to 4), double-ended grains. Rims have different widths — from whisker to 1/3 of the width of the
grain, they often developed myrmekite. Cores are heterogeneous (“spots” of the oscillating basicity), sericitized and carbonatized
(more basic parts). Some parts are saussuritized. The smallest grains are only sericitized or almost not changed. According to the
microprobe analysis, the composition of plagioclase varies from oligoclase in the central part to pure albite in the rim zones (Table
1, analyses 1-2).

The potassic feldspar forms a shapeless mass between the grains of plagioclase. It is predominantly represented by the lattice
type, i. e, microcline, but there are and orthoclase. The transitions occur within a single grain (among lattice plots are monotonous
“spots”). The perthite occur in the form of spindles or small, idiomorphic weak spots. The poikilitic structure manifested rarely,
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Figure 1. Granite from the pre-Jurassic basement Krasnoleninsky region. Kamennaya area. Kam P68/2555 m, well P-68, depth 2555 m.
a — analyzer; b — without analyzer. The field length is 2.5 mm.

PucyHok 1. NpaHuT n3 poropckoro cpyHaameHta KpacHoneHuHckoro panoHa. KameHHas nnowaab, o6p. Kam P68/2555 m, cks. P-68, rn.
2555 m: a — ¢ aHanu3aTtopowm, 6 — 6e3 aHanu3aTtopa. AnuHa nons 2,5 Mm.

Table 1. The chemical composition (in wt. %) of minerals of granite Kamennaya area (Kam P68/2555).
Ta6nuua 1. XuMnyeckmit coctaB MMHeparnoB u3 rpaHuta KameHHon nnowaau (Kam P68/2555).

Ne SiO, TiO, ALO, Cr,0, FeO MnO MgO CaO Na,O K,O F Total
Plagioclase
1c 65.39 - 22.19 - 0.10 - - 3.26 9.61 0.08 - 100.65
1r 66.00 0.02 21.83 - 0.06 0.01 - 2.49 9.47 0.07 - 99.96
2c 63.35 0.02 23.06 0.01 0.12 - - 4.78 9.11 0.20 - 100.64
2r 65.38 0.04 21.74 - 0.15 - - 2.84 10.12 0.20 - 100.47
Potassium feldspar
3 64.60 - 18.52 0.02 0.09 - - - 0.35 16.19 - 99.76
4 64.19 - 18.73 - 0.06 0.01 - - 0.46 15.93 - 99.40
5 64.99 0.04 17.86 0.01 0.10 - - - 0.45 15.95 - 99.40
6 65.18 - 18.39 0.01 0.15 - 0.01 0.02 0.45 16.00 - 100.22
Mica
7 36.21 3.37 13.96 0.05 20.68 0.30 11.42 0.02 0.06 8.06 0.68 94.80
8 36.46 3.45 13.46 0.12 20.50 0.19 11.21 0.09 0.12 7.10 0.94 93.65
9 36.39 3.48 13.71 0.08 20.45 0.27 11.42 0.13 0.10 7.04 0.71 93.78
10 35.45 3.37 14.47 0.03 21.60 0.32 11.47 0.04 0.04 7.61 0.30 94.70
Chlorite
11 27.36 0,04 18.82 0.06 23.14 0.54 17.38 0.01 0.03 0.03 - 87.39
12 27.42 0,06 18.50 0.03 23.00 0.55 17.53 0.02 0.03 0.02 - 87.15
13 27.93 0,02 18.32 0.03 22.68 0.51 17.75 0.03 0.05 0.04 - 87.35
Carbonate
14 - - - - 0.71 0.56 - 49.67 - - - 50.94

Note: the analyses have been done in the Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS on the CAMECA SX 100,
analyst V. V. Khiller, c — center of the grain, r — rim of the grain.

sometimes small tables plagioclase or biotites are enclosed in pure potassic feldspar. According to the microprobe studies the
potash feldspar has zoning; the central parts of the grains contain higher values of Na,O of 0.5 wt. % (Table 1, analyses 3-6).

Quartz forms segregation of panidiomorphic grains of different sizes, the grains sometimes have mosaic fading. It contains
the “bays” of the substance of potassic feldspar.

Biotite forms scales and blades, often corroded in the rims, which pleochroic from gray-yellow to dark brown. It sometimes
contains sagenite lattice, ilmenite spindles, and inclusions of ore mineral, apatite and sphene. According to the microprobe analysis
biotite relates to magnesian annite (Table 1, analyses 7-10). Some small scales of mica are replaced by very light green chlorite.
The composition of the chlorite aggregates are defined as ferrous clinochlore (Table 1, analyses 11-13).

In the rock there sometimes happen former envelopes of titanite replaced by an aggregate of carbonate and rutile, as well as
separate clusters (0.5 mm) of carbonate (calcite, see Table 1, analysis 14). Granites are subject to secondary changes, first of all

8 MWBaHoB K. C. u gp. Bo3pacT u cocTaB rpaHuTonpoB u3 dyHaaMeHTa KpacHoneHWHCKoro HedbTerasoHoCHOro paioHa (3anagHas
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Table 2. Chemical composition of gold and silver from granite of the Kamennaya area, wt. %.
Tabnuua 2. XuMmnyecknm coctas (B mac.%) 3onota u cepebpa 13 rpaHmtoB KameHHon nnowiaam.
Element Cu As Ag Hg Au Total
Native gold
1 0.17 - - 2.82 97.48 100.47
2 0.16 - - 2.64 96.28 99.09
3 0.14 0.27 0.10 4.39 96.90 101.81
4 0.16 0.46 0.02 1.54 95.91 98.09
5 0.15 0.43 - 217 97.76 100.51
Native silver
6 0.05 - 100.10 - 0.01 100.16
7 0.06 0.23 99.96 0.04 0.05 100.34
8 - - 99.67 - 0.02 99.69
9 0.13 0.07 99.30 - 0.04 99.54
10 0.01 — 99.54 — - 99.55

Note: microanalyzer CAMECA SX 100 Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, analyst V. V. Khiller.

Table 3. Chemical (in weight %) and trace element (in ppm) composition of granites in the Kamennaya area.

Tabnuua 3. XuMmnuecknm (B Bec.%) U MUKPO3neMeHTHbIN (B /T) cocTtas rpaHnToB KameHHow nnowaau.

rlr?:grl 2553 2555 2556 2564 r?:’grl 2553 2555 2556 2564
SiO, 69.14 69.21 68.70 68.00 Ce 60.19 37.74 52.07 57.13
TiO, 0.47 0.45 0.49 0.55 La 35.39 17.08 29.03 31.95
ALO, 14.71 14.80 17.73 14.56 Pr 6.70 4.1 6.15 6.68
FeO 2.20 1.51 2.00 2.80 Nd 23.94 15.61 22.38 24.75
Fe,O, 0.68 1.20 1.00 0.91 Sm 3.84 2.85 3.72 4.22
MnO 0.05 0.06 0.05 0.06 Eu 0.88 0.76 0.88 0.98
CaO 0.88 1.25 1.1 1.29 Gd 2.89 2.23 2.84 3.37
MgO 1.38 1.32 1.34 1.54 Tb 0.39 0.33 0.38 0.48
K,0 3.55 3.46 3.35 3.39 Dy 1.69 1.61 1.66 217
Na,O 4.05 4.20 4.20 4.20 Er 0.83 0.85 0.79 1.04
P,O, 0.14 0.15 0.15 0.16 Tm 0.12 0.12 0.10 0.14
L.O.L 1.98 1.86 1.97 2.62 Hf 0.89 1.39 0.93 0.99

Sr 346.61 402.73 403.25 399.24 Ta 3.49 1.15 1.26 1.77
Rb 134.17 140.67 125.96 146.10 Pb 24.36 22.02 21.70 21.83
Zr 54.84 89.38 62.81 68.04 Th 13.87 17.56 14.84 24.23
Yb 0.74 0.75 0.67 0.86 U 2.72 2.58 2.50 3.82
Y 9.72 9.34 9.38 13.78 w 0.71 0.54 0.69 0.65
Sc 7.27 6.68 7.39 10.61 Ga 36.70 37.68 39.73 42.01
\ 48.55 49.43 51.88 65.68 Ge 1.50 1.42 1.54 1.64
Co 8.23 8.21 9.54 10.35 Mo 0.39 0.39 0.80 0.45
Ni 17.96 18.60 19.41 22.70 Tl 0.67 0.74 0.62 0.62
Ba 616.73 637.84 642.14 689.98 Bi 0.27 0.20 0.21 0.37
Nb 12.21 13.16 13.65 15.20 Be 247 2.61 2.67 2.54
Cr 32.88 34.71 36.88 67.11 Cs 7.08 9.90 8.06 8.57
Cu 47.71 30.88 63.00 37.51 Li 28.98 26.22 28.03 32.37
Zn 106.43 88.23 94.88 113.06 Cd 0.08 0.08 0.05 0.09

Note: the analyses of rocks have been made in an analytical laboratory, Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS.

propylitization which is expressed in the development of carbonate, chlorite, sericite and albite. Accessory mineralization: rutile,
apatite, magnetite, monazite, zircon and cassiterite. In addition, the granite has sulfides — chalcopyrite and galena, as well as
scattered impregnation of native gold and silver (see Table 2). The latter consist of inclusions, up to 10 microns in size, in rock-
forming minerals affected by secondary processes of change. Any gravitation of metals to accumulations of accessory minerals
and sulfides is not marked [3].

Chemical and microelement composition of the granites in the Kamennaya area is given in Table 3. In the classification
diagram K O + Na,O - SiO, they fall into the field of normal granites, near the lower boundary of the subalkaline granites.

MBaHo. K. C. 1 op. Bo3pacT v cocTaB rpaHMTOMaoB 13 dyHaameHTa KpacHoneHUHCKOro HedTerasoHoCHOro paioHa (3anagHaa 9
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Figure 2. The distribution of the ASI-SiO, in granite. Circles
are used to denote granitoids of the Shaim region; squares
are used to denote granites from the Kamennaya area of the
Krasnoleninsky region.

PucyHok 2. Pacnpepenenue ASI-SiO, B rpaHutax. Kpyxku —
rpaHuTouabl u3 Laumckoro paiioHa, KBagpaTbl — rpaHuTbl U3
KameHHon nnowaan KpacHoneHnMHckoro panoHa.
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Figure 3. The diagram Nb-Y for the granites. Circles are used to
denote granitoids of the Shaim region; squares are used to denote
granites from the Kamennaya area of the Krasnoleninsky region.
PucyHok 3. Anarpamma Nb-Y ans rpaHutoB. KpyXku — rpaHuTonabl
u3 Lanmckoro paioHa, KBagpaTbl — rpaHuTbl U3 KameHHomn
nnowaamn KpacHoneHUHcKoro panoHa.

Table 4. Isotope Rb-Sr data for minerals and granite Kamennaya area.
Ta6bnuua 4. U3otonHble Rb—Sr gaHHble Ans MMHepanoB 1 rpaHuTa KameHHow nnowagm.

Sample Rb, ppm Sr, ppm 85Rb/%Sr +20 86Sr/"Sr +20
Plagioclase (p = 2.61 — 2.64) 86.95 438 0.57460 0.00575 0.707167 0.000035
Potassic feldspar (p = 2.54 — 2.59) 21 422 1.4480 0.0145 0.710823 0.000036
Potassic feldspar (p < 2.54) 255 411 1.7979 0.0180 0.712287 0.000036
Granite (gross sample) 118 281 1.2160 0.0122 0.709804 0.000035
Biotite (p = 3.24 — 3.3) 389 134 8.2710 0.0827 0.739005 0.000037
Biotite (p = 3.15 — 3.24) 420 147 8.3774 0.0838 0.739582 0.000037

According to the content of potassium, the rocks are high potassium. According to the index of saturation with aluminum ASI =
Al O,/(Ca0 + Na,0O + K O) (at. number) [4], the studied rocks fall into the field of peraluminous granitoids (ASI = 1.13 - 1.22;
see Fig. 2). This is typical for S-type granitoids, the source of the substance for them was mainly sedimentary rocks [5]. In the
discriminatory diagram Nb-Y [6] these granites fall into the field of granites of island arcs and collision granites (Fig. 3).

The distribution of rare earth elements, normalized to chondrite, shows a strong predominance of light lanthanides over
heavy ones and the absence of europium anomaly. A similar distribution is seen in nearby granitoids of the Shaim-Kuznetsov
anticlinorium [2]. In general, granitoids of the Krasnoleninsky oil and gas area just like those of the Shaim oil and gas area
compose the plutons the Shaim-Kuznetsov anticlinorium. They are characterized by a large similarity to the monzodiorite-granite
complexes of the Urals, such as subalkaline composition of the medium and acidic rocks and mezoabyssal facies of the depth.
They are also characterized by a zonal structure of massif. There, the central part is composed of quartz monzodiorites, and
the edge part is composed of the more acidic granitoids (granosyenites). The granitoids are also characterized by geochemical
peculiarities not only by rare earth elements, but also by other rare and scattered elements.

The results of the K-Ar granitoids dating of the Krasnoleninsky oil and gas region were obtained in the Zavaritsky Institute of
Geology and Geochemistry (analyst B. A. Kaleganov). Kamennaya area granites have the following ages — 253 £10, 238 £ 7,236 +
7 million years. The obtained Mesozoic ages, obviously, do not date the stage of magmatic introduction of granites, but show the
age of superimposed secondary changes (for example, propylitization).

To check the obtained “Mesozoic” K-Ar dates, additional study was undertaken to determine whether these figures reflect
the time of magmatic introduction and crystallzation of rocks. The separation of mineral fractions was carried out in a mixture
of iodide methylene (p = 3.3 g/cm?®) with acetone. The sample decomposition and chromatographic separation of Rb and Sr were
performed according to the standard procedure in the IMGRE laboratory [7]. Isotopic analysis was conducted on a multicollector
mass spectrometer Finnigan TRITON at the Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy
of Sciences (see Table 4, analyst A. Yu. Petrova). The magnitude of the blank contamination in the laboratory was: [Rb] = 0.02
ng, [Sr] = 0.1 ng. When calculating the isochrones parameters, the measurement errors of ¥Sr/*Sr isotope ratio in the samples at
the significance level of 26 were used. Calculation of isochrones was carried out by the York method [8]. We used the accepted
decay constant of rubidium - 1.42 x 107" years™ [9]. The obtained Rb-Sr isochrone determines the age of these granites as 291.8
* 2.1 million years (Fig. 4). Subsequent studies showed (see below) that the rubidium-strontium system gives, perhaps, a little
understated, “rejuvenated” age.
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Figure 4. Rb-Sr isochrones for granite Kamennaya area. Sample
Kam P68/2555 m.

PucyHok 4. Rb-Sr nsoxpoHa ans rpaHuta KameHHon nnowagu.
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Figure 6. Isotope U-Pb diagram with concordia, built on the
results of the study of zircons from granite of the Kamennaya area
(Krasnoleninsky uplift).

PucyHok. 6. U3otonHasa U-Pb guarpamma c KoHKopauen, NnocTpo-
eHHasl no pe3ynbTaTaMm U3y4eHusi LUPKOHOB U3 rpaHuTa KameHHoM

nnowaau (KpacHoneHMHcku ceop,).

Figure 5. Photo of zircons from granites of the Kamennaya area in the rays of the cathodoluminescence.
PucyHok 5. ®oTo LMpKOHOB 13 rpaHUTOB KameHHOM nnoLwaan B KaTOAONMOMUHECLIEHTHLIX JlyYax.

To obtain reliable age of the rock (igneous time of the introduction and crystallzation of the granites), we have conducted an
isotopic study of accessory zircon (U-Pb method, the ion microprobe SHRIMP-II, A. P. Karpinsky Russian Geological Research
Institute, analyst N. V. Rodionov). The mineral was highlight in the form of a monofraction from the granite of the Kamennaya area
(sample Kam P68/2555 m). It was analyzed according to standard methods. Processing of the results and calculation of U-Pb ages was
carried out using the program ISOPLOT/EX ver.3.66 [10]. Zircons are represented by well-formed prismatic crystals up to 150 microns
in lengthening. In the rays of the cathodoluminescence crystals have zoning, often with a very distinct core (Fig. 5). According to the
microprobe analysis, zircon is characterized by small impurities of hafnium (HfO, to 1.3 wt. %), yttrium (Y,0, to 0.4 wt. %), thorium
(ThO, up to 0.3 wt. %) and (UO, up to 0.3 wt. %). The mineral is non-metamict and is quite suitable for U-Pb-dating.

Most of the examined zircons (5 of 11 local analyses, see Table 5) mainly from the central part of crystals give concordant
age 297.9 * 3.8 million years (Fig. 6). Therefore, they correspond to the border of Permian and Carboniferous according to an

MBaHo. K. C. 1 oip. Bo3pacT v cocTaB rpaHMToMaoB u3 dyHaameHTa KpacHoneHUHCKOro HedTerasoHoCHOro paioHa (3anapgHas 11
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Table 5. U-Pb isotope data for zircons from granites of the Kamennaya area.
Ta6bnuua 5. U-Pb nsotonHble gaHHble ANsi LUPKOHOB U3 rpaHuToB KameHHoW nnowagu.

Content . ) )
Age, million years Isotopic ratio (1), +%
Points % ppm

ZOSPbc ZOGPb* §] Th 206Pb/238u 207Pb’/235U 206Pb'/238u 207Pb/206pb‘
1.1 - 42.3 1029 445 301.6+4.8 0.341+25 0.0479+1.6 0.0517 £1.9
2.1 1.06 43.9 1400 846 228.7+3.5 0.246 £4.4 0.0361+ 1.6 0.0495 + 4.1
3.1 1.56 49.4 1371 731 260.9+4.0 0.285+4.9 0.0413+1.6 0.0500 + 4.6
4.1 0.10 343 838 592 299.9+47 0.341+2.8 0.0476 + 1.6 0.0520 + 2.3
5.1 0.08 37.6 913 537 301.4+47 0.339+2.8 0.0479+1.6 0.0515+2.3
5.2 - 53.9 1303 512 303.1+4.6 0.344+£23 0.0482 +1.6 0.0518 +1.7
6.1 0.98 45.0 1325 1096 2473 +3.8 0.262+4.8 0.0391 +1.6 0.0487 + 4.6
7.1 0.93 27.5 669 237 299.1+4.9 0.339+5.0 0.0475+1.7 0.0518 +4.8
8.1 - 61.3 1573 642 286.2+4.3 0.323+2.2 0.0454 £+ 1.5 0.0516 £ 1.5
9.1 3.94 41.5 1325 898 221.8+3.8 0.231+13 0.0350 + 1.8 0.0479 + 13
10.1 1.68 61.5 1911 1797 233.3+3.6 0.251+4.5 0.0369 + 1.6 0.0493 + 4.2

Note: Pb_, Pb* are common and radiogenic lead, respectively; calibration errors are relative to standards 0.29 %; (1) — correction using 2*Pb.

international scale. Similar age (about 300 MA) is typical for the granitoids of the Shaim oil and gas area [11, 12]. The rims of
zircon crystals of the Kamennaya area are characterized by the “rejuvenated” dating- 286, 261, 247, 233, 229 and 222 million
years. Obviously they are similar to the aforementioned K-Ar and Rb-Sr dates and they are quite likely to reflect the late stages of
tectonic activation of the West Siberian platform [13].

Conclusion

Thus, we have studied the material composition and age of granitoids in the basement of the Krasnoleninsky oil and gas
region of Western Siberia. It is demonstrated that granites of the Kamennaya petroleum exploration area are an integral part
of the regional Shaim-Kuznetsovsky anticlinorium. The time of the magmatic introduction and crystallization of granites of
the Krasnoleninsky oil and gas area according to U-Pb dating of zircon is estimated at =300 million years. This is just like
in the granitoids located near Shaim oil and gas area. The difference between U-Pb (297.9 + 3.8 million years) and Rb-Sr
(291.8 £ 2.1 million years) granite ages is likely to result from the gradual cooling of the granite massif. This happens because
the uranium-lead isotope system closes at a higher temperature than the rubidium-strontium one. This phenomenon
(“cooling”) has been identified in many well-studied intrusive massifs [14 and others]. We have interpreted the “Mesozoic”
numerals obtained by the K-Ar method as the time of the last tectonic-thermal events, most likely expressed in the form
of granites propylitization.
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AKTYAALHOCTL MCCAEAOBAHMS 3AKAIOYAETCS B CAABOM M3YyHYEHHOCTM KPUCTAAAMHECKOTO (hyHAAMEHTa 3anaaHo-Cubupckoro merabacceiiHa.

LleAn pa6oThI 3aKAIOHAETCST B M3yYEHUM BELLIECTBEHHOTO COCTABA M BO3PACTA FPAHMTOMAOB M3 AOIOPCKOro hyHAaMeHTa KpacHOAEHMHCKOro He(pTerasoBoro
pavioHa IMpuypaabckol Yactm 3anaaHo-Cubupckoro merabacceiiHa.

MeToAoAOTMAT MCCAEAOBAHMSA: ACTAALHOE M3yYEHME MUHEPAAOTMM, METPOXMMMM, TEOXMMMUM M BO3PacTa (PasHLIMM M3OTOMHLIMM CUCTEMAMM C
ncrioab3oBaHmem K—Ar, Rb—-Sr u U-Pb meToaoB aatpoBaHmst) rpaHntoB KpacHOAEHMHCKOro paioHa.

PesyabTaTil. AeTaALHO M3ydeHAa MUHEPAAOTUs M METPOreoXmmms rpaHMToB KpacHOAEHMHCKOTO paiioHa. YCTaHOBAEHO, YTO MOPOALI CAOXKEHD! KBapLIEM,
MAQrMOKAQ30M (AALOUT M OAMFOKAQ3), KAAMLIMIATOM (MMKPOKAMH M OPTOKAA3) M CAKOAON (AHHMT) C aKLECCOPHOM MUHEPAAM3ALIMEN B BUAE PYTUAQ, anatmra,
MarHeTuTa, TMTaHUTA, MOHALMTA, LMPKOHA M Kaccuteputa. [PaHuUThl MOABEPI)KEHbI MPOMMAMTU3ALIMK, KOTOPasl BLIPAKAETCS] B PAa3BUTUM BTOPUUYHOTO
KapboHata, XAOpPUTA, CEpULIMTA M aALBUTA, & TaKXKE CYALCPUMAHOM (XAALKOMMPUT, FAAEHMT) M CAMOPOAHON (30A0TO, cepebpo) MuHepaamsaumm. Mo
MEeTPOreoXMMMHYECKMM XapaKTePUCTMKAM TMOPOALI OTHOCSITCS K TPAHUTOMAAM S-TUMA, MCTOYHMKOM BEIUECTBA AASl HUX CAY)KMAM MPEVMYLIECTBEHHO
OCAAOYHbLIE TOPHLIE MOPOALL. [PaHUTLI MMEIOT paHHENEePMCKME BO3pacTa, KOTOpPbLIE, MO BCEW BUAMMOCTM, OTPXKAIOT MPOLIECC MOALEMA IPAHUTOB Ha
YPOBEHDL BEPXHEV KOPLI MPY PUPTOreHe3e 1 PACTsHKEHMM BCETO PervoHa.

BriBoAbl. [paHnTLl KaMeHHOW HedbTepasBeAOYHOM MAOILAAM SIBASIOTCS COCTABHOM HYacTbio pernoHasbHoro Lanmmcko-Ky3HeLoBCckoro MeraHTMKAMHOPMSI.
Bpemst MarmatMyeckoro BHEAPEHMST U KPUCTAAAM3ALIMM IPaHNTOB KpacHoAeHMHCKoro paiioHa oueHvBaetcsl B 300 MAH A€T, KaK M Y TPAHUTOMAOB PSIAOM
pacrnoaoxeHHoro Waumckoro HIP. PazHuua mexxay U-Pb (297,9 + 3,8 maH AeT) n Rb-Sr (291,8 + 2,1 MAH A€T) BO3pacTaMmu rPaHUTOB MO BCEM BUAMMOCTU
€CTb CAEACTBME MOCTENEHHOTO OCTLIBAHMSI FPAHUTHOTO MACCMBA, T. K. YPaH-CBUMHLIOBASI M30TOMHAsI CUCTEMA 3aKPLIBAETCS P GOAEE BLICOKOV TEMMeparype,
YyeMm pybuamnii-crpoHumesast. [oaydeHHbie K-Ar METOAOM «Me30307CKMe» LMPPDLI TPAKTYIOTCSI HAMM KaK BPEMSI TOCAEAHUX TEKTOHO-TEPMAALHBIX COOLITH,
BEPOSITHEE BCETO, BLIPA3MBLIETOCS B BUAE MPOMUAUTU3ALIMK TPAHUTOB.

KAtoY€eBbIE CAOBA: MUHEPAAOTMSI; BO3PACT; IPAHUTDI; ACIOPCKMI (hyHAAMEHT; KameHHast naowaab; KpacHOAEHMHCKMI paiioH; 3anaaHas Cubmpb.

Aesmopel 8bipaxatom brnazodapHocms B.B. Xunnep, H.B. PoduoHosy u A.FO. [lempoeol 3a nposedeHHble aHanumu4yeckue ucciedos8aHusl.
UccnedosaHusi nposedeHsl npu ¢huHaHcosol noddepxke PODU (epanm Ne 16-05-00041).
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