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THERMODYNAMIC FACTORS RESPONSIBLE FOR SPATIAL
SEPARATION OF PETROLEUM AND GAS

- DEPOSITS IN WESTERN SIBERIA

F.G. Gurari, Yu.G. Zimin and Yu.N. Karogedin

(Presented by Academician A. A, Trofimuk, February 3, 1971)

seen known for some time that in the
srian petroliferous province the
deposits are zoned, petroleum

1 some zones, and gas and conden-
wers [3]. This zoning has been
segregation of hydrocarbons during
migration in water-soluble form
wture of the primary organic

i to the ¢ffect of various

phases present
are strongly
conditions [2, 8-
tions, notably
the petroleum
eria from this

sive exploration
cluding investi-
> to Valanginian
discovery of

xamine this

rmodynamic conditions in
1 250 reservoirs are summarized in
m of Fig. 1, which shows an almost
r relation between the aggregation of the
deposits and temperature and pressure. In

irom 13 to 130°C, and the pressure from 65
10240 atm. There is a definite division
betveen predominantly gas and predominantly
vetroliferous deposits. The deposits exhibit
conditions described by the lower half of the
diagram, that is, temperatures from 13 to
10°C and pressures from 65 to 190 atm, while
petroleum fields are described by the upper
half of the diagram, that is the 50 to 130°C
and 150 to 290 atm region.

There is, therefore, a definite differentia-
tion of hydrocarbon deposits depending on
thermodynamic conditions, but the boundary
between the two regions is not sharp. '

I'Translated from: Termodinamicheskiye faktory
differentsial nogo razmeshcheniya neftyanykh i
gazovykh zalezhey Zapadnoy Sibiri. Doklady
Akademii Nauk SSSR, 1972, Vol. 203, No. 2,
9p. 453 - 455,

The diagram also describes a transitional
zone in which both gas and petroleum fields,
as well as petroleum deposits capped by gas
(3 percent of all deposits in the zone) can be
found. This zone with temperatures of 50 to
70°C and pressures of 155 to 190 atm, over-
laps the upper part of the gas zone and the
lower part of the petroleum zone.

The petroleum region shown on the diagram
contains, besides the zone of coexistence of
petroleum and gas deposits (just mentioned) ,
two other subzones, namely a central subzone,

atm
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Fig. 1. Thermodynamic cenditions in various petro-

liferous deposits. 1)- gas deposits, 21~ condensate

deposits, 3)- petroleum deposits, 4 - petroleum

deposits with gas caps, 3 - 7)- zones of predomin-

ance of gas (3), petroleum (6), and light petroleum
and condensate (7) deposits.
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comprising oils with normal specific gravity,
and an upper subzone of light oils and conden-
sates. The central subzone exhibits tempera-
tures of 55 and 100°C and pressures of 150 to
240 atm. The upver subzone {of light oils and
condensates) exhibits temperatures of 80 to
130°C and pressures of 220 to 290 atm. Itis
transitional to the zone of condensate and gas
fields, exhibiting still higher temperatures and
pressures.,

The diagram does not show which of the two
factors, temperafure or pressure, is the
controlling one, for both are functions of depth.
‘\LCOI‘de o ¥ vich et al.[9], in the
1500 to 3000 m range, pressure has no
noticeable effsct metamorphism of organic
matter, so tr 1 ;m. factor must be temper-
ature, N evseyev et al. [14] are even
int. Using the data of
and K.I. Panina,
re is the factor control-
ling not only the k and gunantity of petroleum
hydrocarbons be ormed but also controls
their later tr mations during subsidence
of the rese
The "‘:.1 .

Landes, AL
they state ¢

ovo suite
hest
re gushers

DL AR L A i e £ 5

deposi t
point w ‘c‘
than normal

this field is n
0, 825 g/cm?,

However, Lhe petroieum from
with speci :u: gravity of
tar and asphaliene content of
2.5 percent, 3.3 percent paraffins, and 0, 24
percent sulfur. This petroleum has undergone
little transformation during subsidence of the
reservoeir.

The relatively insignificant effect of pressure
on petroleum alteration at depth is also indica-
ted by the data of Anikiyev [1], who shows that
petroleum fields exist in eastern Ciscaucasus
and Western Pakistan at bed pressures of 450
to 500 atm., at 570 atm in northern Iran, and
as much as 888 atm in Louisiana, Since the
petroleum in these fields exists at the relatively
low cepths of 1600 to 1900 m, we can assume
that temperatures are relatively low, the result
being a relatively low degree of catagenesis.

The predominant effect of temperature on
transformation of petroleum in reservoirs is
proved by the presence in the southeastern
part of the West Siberian plate of a group of
condensate fields in Jurassic beds (group Yu)
of the Pudino dome and Sredne-Vasyuganskiy
swell, These large upwarps lie in a zone of a
weak positive temperature anomaly (geother-
mal gradient of 4,0 to 4. 5°C per 100 m, bed
temperatures of 100 to 110°C), and the conden-
sate deposits must have formed {rom petroleum
by heat-assisted catalysis, as has been

e
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suggested by several investigators. The pre-’
sence of oil fringes in many of these gas reser.
voirs (Luginetskoye, Myl'dzhinskoye, Verkhne.
Salatskoye, etc.) confirms this view.

However, the decrease of reservoir pressurs
is among the most important factors in forma-
tion of gas deposits and gas caps. Conversely,
increase of pressure may cause solution.of
gas in petroleum or in water and thus change -
the aggregation of matter in the deposit. But -
increase of pressure has practically no effect
on petroleum deposits.

One more conclusion follows from examina--
tion of Fig. 1. According to new data, the .
temperature in the lower zones of the sedi- T
mentary mantle in the northern part of the
West Siberian plate, at depths of 6 to 7 km,
should not exceed 110 to 130°C, because the
geothermal gradient in this region (according -
to the few available measurements) ranges
from 2.0 to 2.5°C per 100 m, i.e., itis 1.5
to 2 times lower than in the central and south-
ern parts of the plate.
found in many deposits of normal petroleum,
and on the diagram they would be found in the.
region of petroleum deposits. For this reason,
we consider as somewhat premature the con-
clusion of Nalivkin and his colleagues [14] that
the Jurassic strata of the northern part of
Western Siberia should contain mainly gas
deposits, fewer condensate deposits, and still
fewer light petroleum fields.
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TEMPERATURE OF FORMATION OF ZINNWALDITE-
AMAZONITE-ALBITE APOGRANITE!

L.Sh. Bazarov, Ya.A. Kosals and V. A. Senina

Instime of Geology and Geophysics, Siberian Division,

dvademy of Sciences,

USSR, Novosibirsk

{Presented by Academician V. S Sobolev, February 22, 1971)
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We
Ines of z ‘zw.udne -amazonite-albite apo-
Iranite. Ti rocks studied are confined to
-nes of extensive jointing near the apex of a

-ranite pluton.  Geologic, petrographic,
x '1eralogic and geochemical investigations
siowed that this apogranite had been formed
‘20m biotite granite of the first phase, from
-“ucocratic granite of the second and the third
-iases and. in part, from the surrounding
chist, Our study of inclusions of molten
“‘1teria1 in quartz from biotite granite has
-..c-a dy enabled us to estimate the crystallization
fmperature of the granite [6]. Allowing for
Ar new additional data, the range of homo-
senization temperatures of these inclusions can
“0w be estimated at 800 to 1020",
In terms of mineral parageneses and position
“1the metasomatic column, the following
———

'Translated from: Temperaturnyye usloviya
rovaniya tsinnval'dit-amazonit-albitovykh
"anitoy, Doklady Akademii Nauk SSSR, 1972,
203, No. 3, pp. 685 - 638.

vertical and horizontal zones can be identified
in the studied apogranite: 1) unaltered granite

of the first and second phases; 2) microclinized,

muscovitized and slightly albitized granite of
the first and the second phases; 3) protolith-
ionite -microcline-albite apogranite; 4) zinn-
waldite-amazonite -albite apogranite; 5) zinn-
waldite-aibite-amazonite apogranite; 6) banded
zinnwaldite (chophvlhte) -amazonitz-albite
apogranite; 7) zinnwaldite (albite) -topaz-
quartz greisen of the outer contact; 8) quartz-
amazonite veins in granite, apogranite and
schist, Qur mineralogic and petrographic
study of the main rock-forming minerals of
apogranite revealed several generations of
minerals {as many as four) within each of the
zones studied. In this connection we should
note that the composition of albite changes up
the section from No. 12 in the third and the
fourth zones to No. 0 to 2 in the sixth and the
eighth,

In quartz from all the zones studied we
detected gas-fluid inclusions with a varying
gas to fluid ratio (10 : 90 to 90 : 10). These
inclusions consist of two phases: gas and fluid
(salt solution). The inclusions in quartz from
quartz-amazonite veins of the eighth zone also
contain fluid CO,, which accounts for as much
as 8 percent of them by volume. Primary
inclusions occur sporadically, in groups of two
or three; they generally have a more or less
isometric shape and are not associated with
healed cracks. Secondary inclusions are
numerous; they occur within healed cracks and
differ in their phase ratios. High-temperature
inclusions homogenize into fluid and gas phases,
but low-temperature varieties homogenize only
into the fluid phase. The total number of
inclusions studied exceeds 5000, although
reliable data were obtained for a much smaller
number (Table 1).
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