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ABSTRACT

Gas fields in the north of Western Siberia are the largest in the world. The origin of
these pools is an important problem for understanding gas formation in sedimentary
basins. Isotopic and other organic geochemistry analyses have been used to evaluate gas-
condensate source rocks. A model is proposed in which humic organic matter produces
methane during the condensation of aromatic rings. Sapropelic organic matter generates
methane during the cracking of aliphatic structures. Our data show that gas forms by
thermal transformation of kerogen mainly in gas production reservoirs: Cenomanian,
Neocomian and Jurassic. Consequently, gas migration was limited in stratigraphic com-
plexes.

1. INTRODUCTION

Gas accurnulation in North Western Siberia is a unique natural phenomenon, as unique
as petroleum accumulation in the Persian Gulf. A significant part of world gas reserves
is concentrated in several supergiant gas fields such as Urengoy, Bovanenkovskoye,
Yamburg, Zapolyarnoye, Medvezh’e and others. Elucidation of the nature of this gas
would provide a key for comprehending the factors controlling formation and accumu-
lation of gas in the sedimentary shell of the Earth in general.

This work intends to touch on some of the problems of gas geochemistry in the
north of Western Siberia dealing with isotopes and an organic geochemistry study of the
Urengoy field, the largest gas field in the world.

2. GEOLOGIC SETTING

The Western Siberian sedimentary basin occupies territory more than 3 million km2

b}
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Fig. 1. Map showing location of gas fields in the north of Western Siberia. 1 = Kharasavey; 2 =
Bovanenko; 3 = Neyto; 4 = Arktic; § = Novyy Port; 6 = Yamburg; 7 = Medvezh’ye; 8 = Pest-
spv; 9 = Urengoy; 10 = Samburg; 11 = Zapolyarnoye; 12 = Russkoye; 13 = Taz; 14 = Na-
dym; 15 = Yamsovey; 16 = East Tarkosaly; 17 = Vengayakha; 18 = Messoyakha.
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bounded by the Ural Mountains on the west, the Siberian platform on the east, the
Kazakhstan highlands to the south and the Arctic Ocean to the north (Fig. 1). The Pre-
cambrian crystalline foundation dips north from a depth of 4 - 6 km in the central part
of the basin (so-called Middle Priob’e region) to a depth of 12 - 14 km in the Nadym
and Pur-Taz regions. The maximum depth {~ 16 km) is achieved in the area between
the Pur and Taz rivers (Vaipolin, 1984). The sedimentary succession consists of two
major structural units. The lower, Paleozoic-Triassic, is composed of sedimentary and
volcanic rocks metamorphosed in different grades and folded, while the upper, Meso-
zoic-Cenozoic, is a normal sedimentary succession, composed predominantly of terri-
genous rocks and containing excellent reservoirs and seals. For details of the structural
geology and stratigraphy, see Kontorovich et al. (1975).

In contrast to the central part of Western Siberia which is a rich petroliferous region
with giant oil-fields like Samotlor, Fedorovskoye, Vartovskoye, etc., the north of West-
ern Siberia is predominantly a gas-bearing area. The principal productive zones are in the
Cretaceous section, The Turonian shales {(Kuznetsov Suite) along with Paleogenic clays
and limestones form a regional seal about 500 - 1500 m thick. Sediments of the Creta-
ceous section were deposited mainly under conditions of coastal-marine, lagoon, marsh
and lake environments.

The largest gas deposits are in sediments of the Pokur Suite (K ap2 +al +Kyc)in
Cenomanian sand reservoirs at a depth of 1.1 - 1.5 km. This is almost pure methane gas.
Content of the heavier hydrocarbons C,.C4 does not exceed 0.15%. Aptian gas con-
tains some condensate (0.65 - 80 g/m3) The second largest gas productive zone is in
Neocomian at a depth of 2.1 - 3.6 km. In contrast to Cenomanian gas, Neocomian gas is
wet. The content of C,-C4 hydrocarbons amounts to ~ 6 - 10%. The content of con-
densate in gas deposits of the Vartov and Megion Suites reaches 100 - 350 g/m and in
the Achimov Suite 600 g/m3. Many gas-condensate deposits have oil rims.

3. THE PROBLEM OF THE ORIGIN OF GAS IN WESTERN SIBERIA

The origin of gas in the north of Western Siberia, in particular, of the supergiant Uren-
goy gas-fleld, is the subject of many discussions. Controversial views have been put
forward. One of the most widespread ideas is that the gas migrated into the Cenomanian
and Neocomian reservoirs from a great depth (Nalivkin et al., 1969; Yevseyev et al.,
1973; Neruchev et al., 1984). This suggestion is based on the theoretical concept which
considers the principal phase of gas formation as a stage which ends the process of
generation of hydrocarbons, i.e., following the principal stage of oil formation (oil-
window), corresponding to the relatively late stage of transformation of organic matter.
The source of gas in the north of Western Siberia is believed to be the Lower-Middle
Jurassic sediments which entered, in accordance with Neruchev et al. (1984), the
principal phase of gas formation at a depth of 4.5 km. Isotopic data are sometimes
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interpreted as favouring this point of view. Prasolov et al. (1981} studied isotopic
composition of Ar, He and 130/12¢ of methane in the Western Siberian gases. They
came to the conclusion that Cenomanian and Neocomian gases had different sources.
However, these authors believe that in both cases the gas migrated from a great depth:
Cenomanian from 4 - 5 km and Neocomian from 6 - 9 km. The conclusion on the deep-
seated source of the gas has been inferred from specific interpretation of isotopic data.
Prasolov, in both the paper mentioned above and others, argues that carbon isotopic
composition of methane depends on thermodynamic isotope effect and that the ob-
served variations of the §!3C-values of methane reflect a change of temperature condi-
tions of formation of gas. The temperatures calculated from this suggestion indicate the
great depth of generation of gas, including that for methane from Cenomanian deposits,

Several authors insisted on the microbiological origin of gas in the Cenomanian
deposits. This view was based on the isotopic data obtained in Alekseyev’s laboratory
and appeared in two papers: Yermakov et al. (1970) and Alekseyev (1974). In those
papers very low §13C-values for Cenomanian methane were reported, as example for
Urengoy, 6§ °C = - 59°/,. Proceeding from such data Alekseyev suggested that Late
Cretaceous gases are buried marsh gases.

Repeatedly, and in different contexts, considerations have been suggested about the
autochthonous or mixed origin of gas in the principal productive zones (Yermakov et
al.,, 1970; Nesterov et al., 1977). Gavrilov et al. (1972) found that there was a correla-
tion between the carbon isotope compaosition of methane and the content of atmospher-
ic argon (Ar,; ) for different gas deposits within the section of the Pokur Suite. They
interpreted thlS dependence as a result of mixture in different proportion of the autoch-
thonous gas (with low 813C.value of about -60%/00 and high concentration of Ary
> 110 ppm) and gas which came from Neocomian (with §13C-value of about 36 =

-38%00 and Ary; = 3 + S ppm).

It is curious that different authors have used isotopic data in support of quite dif-
ferent, sometimes opposite, points of view on the nature of Western Siberia gas. In this
connection it seemed reasonable to undertake a combined organic geochemistry study
including an isotopic study of gaseous hydrocarbons, condensates and organic matter.

4. SAMPLING AND METHODS

Sampling of gas probes was carried out from the mouth of bore holes. Reducing gear
was used to decrease the gas pressure to 3 - 4 atm. Gas was taken in inverted 250-ml ves-
sels initially filled with salt water.

Methane, ethane, propane and buthane were separated by gas chromatograph LXM-
8MDS5 which was used in preparative version with 5 m stainless steel column of 4 mm
inner diameter filled by alumogel. Argon served as a carrier gas.

Hydrocarbons were directed through a copper oxide under 800°C. CO, resulting
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from oxidation was frozen at liquid nitrogen temperature, purified and used for meas-
urement of the isotopic composition of carbon. Isotope analyses were carried out with
the help of mass-spectrometer VARIAN-MAT-230. Results are reported relative to PDB
standard in §13C notation with standard deviation of about + 0.1%c,. In several sam-
ples, the isotopic composition of hydrogen of methane was measured. Conventional
technique including reducing of H,O to H, by passing over uranium (700°C) was used.
Accuracy of §D-analysis is about £ 2%/, Standard is SMOW.

5. RESULTS

Carbon isotopic composition of methane collected in different sites from the main
productive horizon (PK; 3) of the Cenomanian deposit of the Urengoy gas field is con-
fined to a narrow range of 51 C variations from -49.94 to -48.94°/,, (Table I). The
ethane in two samples is characterized by §13¢ .28.32 and -29.02%,.. The isotopic
composition of the Neocomian gas differs significantly. Methane in studied samples has
§13C from -37.76 to -35 41°%/56. The ordinary trend to depletion of methane in the
light isotope with increase of depth has not been observed. Instead, methane in the
Megion and Achimov Suites is isotopically lighter than methane occurring in the over-
lying deposits of the Vartov Suite. The ethane is isotopically very uniform (-27.4 +
0.4°/4,) throughout the whole Neocomian section. At the top of the Tyumen Suite,
within Malyshev horizon (J,bt) the isotope characteristic of gaseous hydrocarbons is
similar to that for the Neocomian gas. At deeper horizons of the Tyumen Suite, gas
scarcely occurs and its isotopic composition changes.

The deepest gas probes were collected from bore hole R-700 drilled in the Samburg
area which is immediately adjacent to the Urengoy gas field. At a depth of more than 5
km, methane becomes isotopically heavier. The same is observed for C2-C4 hydrocar-
bons. It is noteworthy that at intervals 3.7 + 3.9 km methane occurs which is isotop-
ically lighter than the methane in either the overlying or the underlying deposits (Table
D).

Analysis of condensates shows that, presented in trace amounts in the Cenomanian
gas, they are very close in carbon isotopic composition to the condensates occurring in
the Vartov Sune of Neocomian section (Table II) This group of condensates is charac-
terized by 5! C ™ 27.5 * 1.0%0. The next group of condensates occurred at a depth
of more than 3.2 - 3.5 km, which includes condensates from the Megion and Achimov
Suites of Neocomian, while from Jurassic, the average is 51 13 C-25.7%0.7% o0.

Organic matter was studied in core-samples. Carbon isotopic composition of kero-
gen was measured and proved to be uniform throughout the section studied (6]3 c=
-25 + 1.5%,,, Table 1I1). Pyrolysis study was carried out by Rock Eval Il chromato-
graphy.
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Vitrinite reflectance coefficients Rg1 were measured by study of coal inclusions in
argillaceous sediments by use of a POLARM-311 microscope in accordance with the

59 to 2.56% and approximated the regression

changes from 0.
14 {where h

technique described by Lopatin and Emetz (1984). In the studied interval of depths
0

(27 - 5.5 km) R
equation RQ,

10-8h2

max
correlation coefficient 0.97).

—depth) according to Puisson law (the

209 -
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TABLE 11.
CARBON ISOTOPE VALUES FOR CONDENSATES
FROM URENGOY GAS FIELD

Well Depth Formation  Geologic §13C
N No. (m) name age (°/00)
1 1150 - 1200 PK1~3 ch -26.64
2 80 1784-1800  PK,, Kl -27.37
3 665 2746 - 2751 BUS th -27.80
4 615  2923-.12928 BUIZ Klv -28.61
S 504 2970-2974 BU12 Klv -25.92
6 504 3046 - 3050 BU14 Klv -28.29
7 504 3224 -3228 BU16 Klv -25.96
8 655 3558-3583  BUjg, Kb -25.56
9 282 4504-4520 IETY
10 282 4753 .5034 5 -24 95
11* 700 5480-5490 le -25.98

* from the Samburg area.

6. DISCUSSION

First, it should be noted that the extremely negative values (513C = J-60"/50) reported
by Yermakov et al. (1970) and Alekseyev (1974) for Cenomanian methane of the Uren-
goy field have not been confirmed. Therefore the idea of microbiological origin of Ceno-
manian gas based on this data (Meyerhoff, 1980, Grace and Hart, 1986) should be aban-
doned although some contribution to methane being related to the microbiological pro-
cess should not be ruled out.

The equations are known which link isotopic composition of methane (613C1)
with vitrinite reflectance coefficient (R®, %), characterizing degree of maturation of
initial organic matter. These equations are different for organic matter of different
types: & l3C =148 log R0 4! °/s0 for sapropelic organic matter; §13 Cy=861log RO
- 28% 60 (Stah] 1977) and 51 C = 8.64 log R© - 32.8%/, (Sheng Ping et al., 1988) for
humic organic matter. Hydrogen isotopic composition is approximated by equation
6Dy = 355 log R® - 152°/,,, which does not depend on the type of organic matter
(Schoell, 1980). In Figure 2, a change of isotope composition for methane with depth
for the Urengoy field is shown.

The curves corresponding to the regression equations mentioned are also presented.
They have been fitted to the section studied, taking into account R® data obtained for
the Urengoy field (Fig. 3). The curve suggested by Stahl (1977) for methane, which
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TABLE IIIL.
RESULTS OF MASS SPECTROMETRIC ANALYSIS (613¢, °/50)
OF THE KEROGEN FROM SHALE SAMPLES OF URENGOY
GAS FIELD

Sample WellNo. Depth(m) Age RO.% 813C,%4,

1 566 3407 K, 067  -2407
2 200 32390 K, 069  -25.10
3 254 35094 K, 079 2594
4 266 35780  K; 080 2684
5 266 36490 I3 082  -27.65
6 266 36502 13 082  -2622
7 266 37130 13 090 2362
8 254 37136 13 090 2381
9 254 37890 I, 090  -24.46
10 266 39135 1, 105 -25.65
11 254 39974 I, 106 -24.77
12 254 39982 I, 106  -25.10
13 266 a225 1, 098  -26.64
14 266 43140 I, 103 -25.76
15 266 41930 I, 127 -2423
16 266 43356 I 130 -2457
17 266 44958 I, 167 2482
18 266 44965 1 167  -2554
19 266 46064 I, 170 -25.37
20 266 4707.1 o 171 -25.08
21 266 49274 181  -27.46
22 266 50105 I 186 2682
23 266 50130 I 186  -27.47
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Fig 2: Vitrinite reflectance versus depth for Urengoy and Samburg fields.

originated from marine organic matter, approaches experimental data in Cenomanian
(the Pokur Suite) and the Middle-Late Jurassic (the Tyumen Suite) intervals. However,
these are just the intervals in which the sediments are presented predominantly by conti-
nental facies. Late Jurassic and the beginning of Cretaceous were the only times of mar-
ine environments in the north of Western Siberia.
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Fig. 3: Plot of the S0 pyrolysis peak in milligrams per gram of rock versus depth for Jurassic
Cretaceous gas source rocks in the Urengoy and Samburg gas fields.

Recently a model has been suggested (Galimov, 1988) which considers methane
formation as a process characterized by a band of activation energies, with the distri-
bution function of activation energies being different for different types of organic mat-
ter. In humic organic matter, those structures predominate which can be initial for me-
thane carbon under relatively low activation energies, while sapropelic organic matter
contains more structures whose involvement in methane formation requires relatively



ORIGIN OF GAS FIELDS IN WESTERN SIBERIA 411

high activation energies. This model formalizes the concept that methane formation
from humic organic matter is linked to the process of condensation of aromatic rings,
whereas in sapropelic organic matter, methane is produced mainly during the process of
cracking of aliphatic structures. Several important consequences follow from this model.

The first is that humic organic matter is able to produce methane at a relatively
early stage of its geochemical transformation. Significant part of methane generative
potential might be realized at the stage corresponding to R® = 0.4 - 0.7%, i.e., at the
stage before and during oil window. This is in serious contradiction to the widely
accepted dogma that principal gas formation commences after oil window (Neruchev et
al., 1973; Hunt, 1979; and many others).

Secondly, the model explains the empirically established dependence of carbon
isotopic composition of methane on a degree of catagenesis of the initial organic matter.
Moreover, different dependence for different types of organic matter follows from the
model. To date, the difference between 6I3C1—R° curves for humic and sapropelic
type of organic matter have not been satisfactorily explained. It follows too from the
model that for the same type of organic matter the § 13(314'*10 relationship may be dif-
ferent, depending on gas accumulation history. it has been shown that the equation
613C1 = 8.6 log R® - 28°/,, found by Stahl (1977) best describes an instantaneous
isotopic composition of the released methane (i.e., the case where methane generated at
previous stages has been lost), whereas the equation s13¢ | = 8.6 log RO . 32.8%/,.,
suggested by Sheng Ping et al. (1988), corresponds to the case where the whole pre-
viously generated methane is accurnulated.

Calculations showed that the curves 613C1-R° for different types of organic
matter converge at the initial point corresponding to the § 13C1 walue about -60%/ .. In
other words, methane produced at the early stage of maturity of both humic and
sapropelic organic matter should have similar isotopic composition.

Thirdly, it follows from the model that a gas-condensate system can form at a rela-
tively early stage. Methane (as well as CO,), liberated in significant amounts at the early
stage of transformation of humic organic matter, may carry off liquid hydrocarbons
from source rocks in soluble gas form. Thus, gas~condensates may be separated before
migration of hydrocarbons in a liquid phase becomes possible. This model is significant
for understanding the origin of gas in the north of Western Siberia.

Sedimentary deposits of the Pokur Suite are enriched in humic organic matter. Coal
seams are ubiquitous throughout the section. In our opinion this humic organic matter
is a source of gas in Cenomanian deposits. The isotopic composition of methane (613C =
-49 + -48°/,,) corresponds to the relatively early stage of transformation of organic
matter. As mentioned above methane generated by humic or sapropelic organic matter
at the early stage is isotopically undistinguished. Therefore §13C.values for methane
from the Cenomanian deposit, seem to fall on the line extrapolating the 513C1—R°
relationship for sapropelic organic matter.

Apparently, the whole section of the Pokur Suite was involved in gas formation. In
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depressions adjacent to the Urengoy megaswell the base of the Pokur Suite is lowered to
a depth of 2400 - 2500 m where R%-values, characterizing maturity of organic matter
increase to 0.53 - 0.57%. Owing to excellent hydrodynamic communication within the
Pokur Suite, accumulation of gas from the whole section, together with long distance
lateral migration, could occur. Thus, in fact, methane in Cenomanian deposits at a depth
of 1000 - 1200 m appears to be a product of accumulation of gases generated by humic
organic matter in a relatively wide range of its geochemical transformation (R® from 0.4
to 0.57%). A factor which, along with favourable reservoir and gas generative condi-
tions, was responsibie for accumulation of Cenomanian gas was the thick 630 m seal
formed by Turonian shales.

Geochemical characteristics of Neocomian gas differ significantly from those of
Cenomanian. Formerly the idea of 2 common source for the whole Cretaceous gas com-
plex was generally supported (Yevseyev et al., 1973; Neruchev et al., 1984). Prasolov
et al. (1981}, having taken into account isotopic data, concluded that Cenomanian and
Neocomian gases had different sources. However, this author suggested that both
sources were at a great depth: Cenomanian gases migrated from a depth of 4 - 4.5 km,
while Neocomian from a depth of 7 - 8 km. This conclusion was based on the erroneous
concept, developed by Prasolov and Lobkov (1977), which related isotopic fractiona-
tion in hydrocarbon systems to thermodynamic isotopic effects, regardless of type or
maturity of organic matter. This concept contradicts the fairly well established relation-
ships.

In Figure 2, the points correspondmg to isotopic composition of Neocomian me-
thane, fall between the lines describing 513 - —RO relationships for marine and humic
organic matter. 13Cvalues decrease with i increase of depth which is in agreement with
expanding marine environments from the Vartov to the Megion and Achimov Suites.

The isotopic characteristic of methane in Neocomian deposits is approximated by
the curve suggested by Sheng Ping et al. (1988) rather than by Stahl’s curve. Chinese
scientists established their version of 613C1—R° relationship by studying the Sychuan
and Shanganin sedimentary basins in which, during Mesozoic and Cenozoic time, sedi-
ments of coastal-marine, lagoon, limnic, fluvial and swampy facies were accumulated.
Similar environments were expanded in the north of Western Siberia during accumula-
tion of sediments of the Pokur and Tyumen Suites.

The observed correlation between isotopic characteristics of gas and geochemical
state (type and maturity) of organic matter in the corresponding stratigraphic units
implies mainly singenetic origin of gas in the Neocomian section.

Also, the data obtained disagree with the idea of a significant contribution of gas
from Neocomian to Cenomanian deposits. As mentioned above, the correlation between
isotopic composition of methane and the content of atmospheric argon discovered by
Gavrilov et al. (1972), served as a principal argument in favour of this suggestion. Ceno-
manian gas was considered a mixture of indigenous gas (with 81 CCH = .60%/¢0 and
Arair = 110 ppm) and gas migrated from the Neocomian section (w1th 6]3CCH
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-38%/00 and Argj, = 3 - 5 ppm). If this were so, Cenomanian gas in the Urengoy field
(813CCH 4 = -48°/oo and Ary; =55 ppm) would be composed of one third of the gas
migrated from Neocomian. However, this is not in agreement with hydrocarbon and iso-
topic composition of the gas. Indeed, if appreciable migration had taken place, the con-
tent of the C,, would be higher than 0.15% allowing for the wet character of Neocom-
ian gas (Cp, =6 - 10%). In addition, the carbon isotope composition of ethane in the
Cenomanian deposit of the Urengoy field (613C2 = -29.5 + 0.4%,,) is different from
that in the Neocomian section (813C, = -27.5 £ 0.5%00).

Apparently the observed correlation 613CI —Ar,;. 1s due to the different (in each
case) proportion of gas from different depths within the Pokur section. In fact, when
the source of gas was restricted by the shallow part of the Pokur Suite, methane must
have been isotopically light (close to -60°/,,). On the contrary when the deep part of
the Pokur Suite containing more mature organic matter is a single source for given gas
deposit, relatively heavy methane should occur (about -40°/5,). In general, the isotopic
composition of the gas reflects the contribution of the gas from several sources. When
the whole Pokur section works for accumulation of a gas deposit, the isotopic composi-
tion of methane appears to be close to the value of about -47 + -49°/,,, which is charac-
teristic of Cenomanian methane in all supergiant gas fields in the north of Western Sibe-
ria, including Urengoy.

In the lower part of Neocomian (the Megion Suite), income of wet gas and oil
from the Achimov Suite and the Bazhenovian Suite (Upper Jurassic) is noticeable. These
sediments enriched with organic matter of sapropelic type entered into the oil window,

The isotopic and chemical composition of gas in the Middle-Lower Jurassic section
of the Urengoy field is different to that which is characteristic of gas in the Neocomian
section. This testifies against vertical migration of gas from high depth as several investi-
gators cited above believed. Nevertheless, some migration of gas from Jurassic into
Cretaceous sediments should not be excluded. In this connection, attention has to be
paid to the fact that the isotopic characteristic of gas from the Vartov Suite of the
Neocomian (6!3C, = -35.8%0, 613C, = -27.3%e0, 51305 = -26.9%.., 813, =
-26.5%/55) is similar to that of gas from the Malyshev horizon at the top of the Tyumen
Suite (619 = -36.1%0, 813C = -27.1%60, §13C5 = 26.8%%0,813C, = 25 540).
It is possible that gas from the Tyumen Suite contributed to the formation of gas
deposits in Neocomian reservoirs. The rise of the Urengoy structure began in Late
Cretaceous. By this time the top of the Tyumen Suite was at a depth of about 2.2 km.
Consequently, gas of very early generation, similar to gas accumulated inthe Cenoman-
ian gas deposits, was lost by the Tyumenian sediments. However, gas generated in these
sediments when they were at a depth of 2.2 - 4.2 km, i.e., at the stage MK, -MKj of
catagenesis, could be preserved. The Middle-Lower Jurassic section contains much less
gas and the Neocomian section more gas than one could expect proceeding from gas
generative capacity of the corresponding rocks {Neruchev et al., 1984). Therefore, it
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seems possible that Neocomian gas partly migrated from Jurassic. However, this does
not mean that this gas came from a great depth. By the time the suggested migration of
Jurassic gas into Neocomian deposits occurred, the Tyumenian sediments were not
much deeper than the present position of Neocomian sediments. Whereas at the top of
the Tyumen Suite (szt, the Malyshev horizon), gas has isotopic characteristic which is
normal for that generated by humic organic matter at the stage MK,, gas from the
Toarcian (at a depth > 4.5 km) shows features which are characteristic of the destruc-
tive gas. At the late stages of catagenesis of organic matter and under elevated tempera-
tures, previously generated hydrocarbons become a source for methane. Methane of
such an origin has to be comparatively isotopically light, as we already pointed out in
our previous work (Galimov, 1973, see p. 306 and Fig. 78).

Two situations are conceivable. The first, when methane forms in source rock. Then
isotopically light methane derived from destruction of hydrocarbons is added to isotop-
ically heavy methane derived from mature kerogen. The next situation is realized when
methane forms at the expense of hydrocarbons accumulated in a reservoir, i.e., in a sys-
tem isolated from initial organic matter. In this case, particularly isotopically light me-
thane can occur. Indeed, methane in the Toarcian sediments of the Urengoy field is
enriched in the light isotope in contrast to the normal trend. The inverted enrichment of
methane in the light carbon isotope is clearly manifested at a depth of 3.7 - 4.2 km in
the Samburg area (see Table I and Fig. 2). In addition, divergence of 513Cvalues for
C5-C4 hydrocarbons is observed at this interval which is also an indication of the de-
structive process {Galimov, 1988). The normal trend is convergence of §13C.values of
C,-C,4 hydrocarbons with an increase in the degree of transformation of organic matter
(James, 1983).

With the increase in depth, the isotopic characteristic of gas reflects a pattern of
more pronounced destruction of hydrocarbon systems. Ethane and propane become
isotopically heavier (8]3C = -22 + ~20°40). Their carbons become heavier than kero-
gen carbon. Methane again becomes depleted in the light isotope as it forms at the
expense of precursors continuously getting heavier. While at the beginning of the
hydrocarbon destruction process, gas contained relatively high concentration of Coy
{eg., C2H6 = 9.6%, C3H8 =2.4%, C4H10 =0.6%), at a depth 2 5.5 km, the concentra-
tion of C4-C4 hydrocarbons clearly decreases (C2H6 =2.9%,C3Hg = 0.5%, C4H10 =
0.1%). At the same time, there is no indication of rapid growth of methane production
which one would expect following the concept of “main phase of gas formation”. The
pyrolysis study shows that the concentration of gas absorbed in organic matter (peak S
in the pyrograms) reaches a maximum at the stage corresponding to R® = 0.9 - 1.4%
(Fig. 4) and drops with increase of degree of catagenesis (R° » 1.8). In the studied
section of the Urengoy gas field the highest S,-values have been fixed in organic matter
from the Pokur Suite (3.04 mg HC/g kerogen), the lowest being from Neocomian (0.74 -
1.25 mg HC/g kerogen) and the least concentration of gas shows organic matter from
argillites of Middle-Lower Jurassic (0.34 - 0.83 mg HC/g kerogen).
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Fig. 4: Carban isotopic composition of methane in the Urengoy (filled circles) and Samburg {open
circles) gas fields. I, 11, Il = empirical dependencies of 513C(CH4) on R® (mean reflec-
tance of vitrinite under oil) adopted from Schoell (1980} as equations: 813c = 14.08 log
RO - 41%co (I, marine source rocks, Stahl, 1977) and §13C = 8.6 log R - 28°/0o (111, coal
gases, Stahl, 1977) and from Sheng Ping et al. (1987) as equation: 513c = 8.64 log RO -
32.8%/00 (11, Sychuan basin, China).

Thus, the whole pattern of isotope and chemical zonality of gas throughout the
section of the Urengoy gas-field is not compatible with the idea of formation of gas
deposits by way of migration of gas from great depth. Apparently, gas formed mainly
within corresponding stratigraphic units, although partial migration of gas from Juras-
sic to Neocomian deposits is quite admittable.
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