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THERMODYNAMIC FACTORS RESPONSIBLE FOR SPATIAL 

SEPARATION OF PETROLEUM AND GAS 

DEPO SITS IN WESTERN SIB ERIAl 

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

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

:: ',23 been known for some time that in the 
s: ~l':;eria:n petroliferous province the 

.::,o:ll·bon deposits are zoned, petroleum 
. ~r:·Lr.g in some zones. and gas and conden­

... :.:' 1'1 uthers f3j. ThiS' zoning has been 
.'- :-~t;ed to segregation of hydrocarbons during 
'c::- tlteral migration in water-soluble form 

:0 the n3.ture of the primary organiC 
'-~l~; L?!, and.to the effect of various 

.:~~~r~l,~:~~Sth;n~~;~~n~Q~~~~ig~l.and 
?Ec~"tly, Dobryanskiy: 5, 6], and following 

sec:", ,)tlle:r foreign and Soviet investiga­
co' ::3.":e demonstrated t!18.L the phases present 
.. : -"L,.:s ;lyc.:-ocarbon ce;Josits are strongly 
>,,(:1c~:d by tl·:ermod:n-:a.lnic conditions f2, 8-

;c··. 5U:TIe C: ~hese putlications, notably 
11, ] ~ i tlJ.'le :3.IS0 discussed the petroleum 

.:. ... ;2.= ([eposits of 'res:en Siberia from this 

::-:-C2US€ of the re(ent ex~ensive exploration 
. :,',,,, \',,o-st SiberiJL provi:lce, including investi­

_':':~:'Yi of deeply !)uried Jurassic to Valanginian 
~:s in its nortt:€rn part. the discovery of 

_c)[i·,2rm.al anomalies, and accumulation of 
.:::tT new data

1 
we can. now examine this 

~\:'otlem in greater detail. 
Data on the thermoqjnamic conditions in 

~ll)re than 250 reservoirs are summarized in 
:je diagram of Fig. 1, which shows an almost 
:mear relation between the aggregation of the 
ieposits and temperature and pressure. In 
:llOSt of the reservoirs the temperature ranges 
:rom 13 to 130°C, and the pressure from 65 
to 240 atm. There is a definite division 
8etv'ieen predominantly gas and predominantly 
petroliferous deposits. The deposits exhibit 
conditions described by the lower half of the 
dlagram, that is, temperatures from 13 to 
:ooC and pressures from 65 to 190 atm, while 
petroleum fields are described by the upper 
half of the diagram, that is the 50 to 130aC 
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. . 

1 Translated from: Termodinamicheskiye fnktory 
differentsial nogo razmeshcheniya neftyanykh i 
gazo\'ykh zalezhey Zapadnoy Sibiri. Doklady 
A.kademii Nauk SSSR, 1972, Vol. 203, No.2, 
;>p, 153 - 455. 

The diagram also describes a transitional 
zone in which both gas and r:etroleum 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 
70fiC 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, 
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Fig. 1. Thermodynamic conditions in various petro~ 
Iiferous deposits. 1)- gas deposits, 21- condensate 
deposits. 3) - petroleum deposits, -I) - petroleum 
deposits \\Hh gas caps, 5 - 7)- zones of predomin­
ance of gas (5), petroleum (61. and light petroleum 

and condensate (.1 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 upper subzone (of light oils and 
condensates) exhibits temperatures of 80 to 
130DC and pressures of 220 to 290 atm. It is 
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, temperature or pressure, is the 
controlling one. for tom are functions of depth. 
According to K;or.torovich et al.[91 , in the 
1500 to 3000 m Gerth nnge, pressure has no 
noticeable effect on metamorphism of organic 
matter, so t!:e cri.'1ci::;aUactor must be temper­
ature .. Nalivkl~. Yev'seyev et al. [14] are even 
more definite en this point. Using the data of 
Landes, A.1. Ec§:omolov. 8..'1d K. L Panina, 
they state tha~ teffip",r3.~Ure is the factor control­
ling not only ;j~e kind 3...'"1d q:.la.."1tity or petroleum 
hydrocarbons be::;" ':o,med bt:t also controls 
their later tr?_:sf::;l'm2tions curing subsidence 
of the reserVQ1:-s. 

The data .:)r: ri::- 'salymol petroieum field 
are import2:-:: .:....--:. C,);;.::";ectiO"G w:th this problem. 
Here p>2tro~e;-::: :-e3e~":oi!'"s wit..~ lt~0n:alously 

high p:~ess'~:-!O~·i:c:;r in lntensi'lely fractured 
bit:..::minct:s :Lr:.:il.~~tes of the Bazh€:GGvo suite 
(bed Yu) ~ Th0 prc;juctiv€ zone is best 

~~:~L~;:~~~.:\~r:e l~~l~~_" ;;;)t'd~r~~:::::st5~rs 
to seC! :r.~ cd -:J~L 'day. T~-':e r&ser",;"oir pressures 
range I':!J::: ~21 :.:c 426 a~nl, and the tempera­
tures i":'f)m 123 to 13J"C. On the d~agram this 
deposit is repres~~,:t2d by a hi;hly anonlalous 
point with 'prBssures 150 to i80 at..rn higher 
than normal. Hem'ever, the petroleum from 
this field is Dar!na!. with specific gravity of 
fl. 825 g/cm3 , tar and asphaitene content of 
2.5 percent, 3.9 percent paraffins, and 0,24 
percent sulfur. This petroleum has undergone 
little transformation during subsidence of the 
reservoir. 

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 easte.t;n Ciscaucasus 
and Westem 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 c!epths 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. 5DC per 100 m, bed 
temperatures of 100 to llOOC) , and the conden­
sate deposits must have formed from petroleum 
by heat-assisted catalYSiS, as has been 

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 pressUft 
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
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., it is 1. 5 
to 2 times lower than in the central and south­
ern parts of the plate. Such temperatures are 
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 J that 
the Jurassic strata of the northem part of 
Westem Siberia should contain mainly gas 
deposits, fewer condensate deposits, and still 
fewer light petroleum fields. 
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There are two hypothese! 
.,::"l.zonite granite: 1) ama~ 
. ;::stallizes from molten mr 
:::"s and rarE! alkalies [1, ~ 
::: .i postmagmatic amazoni( 
:::etasomatic alteration O{ p; 
~f-:: £ranite r~. 41 to lithion 
":::i tOe apograllite [31. SUPbi 
:::rAlthesis believe that a g~ 
~:2h in lithiurC! and fluorine; 
·~:t~ lepidolite. albite, am~! 
~=:l1aining stable because d 
.r:;stalli;ation of quartz. i 
'-;9port the second hypothei 
~ra.nite is amazonitized in I 
,t.lge of the postmagmatic ! 
:~l'es of 2500 to 2000 r 41. i 

\\' e studied inclusions ill 
zo::es of zinnwaldite-amaz/ 
~ra.nite. The rocks studie/ 
remes of extensive jointingl 
~'.lnite pluton. Geologic.! 
:::ineralogic and geochemil 
,:;ov:ecl that this apogranit! 
:~Oi1l biotite granite of the) 
:~uCocratic granite of the I 
;::::lses and, in part, from1 

5~hist. Our study of incl~ 
=::aterial in quartz from b: 
2-tready enabled us to esti) 
:E-nlperature of the gran it!; 
')'11' new additional data, t! 
;::enization temperatures d 
::OW be estimated at 8000 I 

In terms of mineral P;l 
:~, the metasomatic colun1 

1 Translatetl from: TemPI 
:'Jt'rnir'.n'aniya tsinnval'tlit-~ 
~?()granito\'. Doklady Akadi 
\.IL 2Ha. No.3, pp. 6S;'-1 
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TEMPERATURE OF FORMATION OF ZINNWALDITE­

AMAZONlTE-ALBITE APOGRANlTE1 

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

1\"i5t~':Ue of Geology and Geophysics. Siberian Division, 
Academy of Sciences, USSR, Novosibirsk 

(Presented by Academician V. S. Sobolev. February 22, 1971) 

..!1'':' tivc hypotheseS 0:1 the origin of 
_:, -.: :2..1-: ire; l:i amazo-:-:ite granite 

,':' ;'" ::-',:r:::: r:l,;::':'?i1 n::,.c.rr;a rich in vola­
~ :',,'(' :;J;ab:s fl. 21: 2) it is formed 

,= ,v :._:::,:,c::; :~::::lzC'~,iL,:a;ion stage by 
,:::i'L alt2ratlorr Gf p,,,,'}'lGusly crystalli­

".: ;!·?.2:.~!e !3~ .;.1 t:J Iltn!onite-amazonite-
': ,:::'::,;:ite : :';:. S;;'PPGrters of the first 

,:::-c: :i' ::e"le"'~ that a gT2.ilite melt relatively 
,';:::'lITI lmd iluorme C:;lll persist to 550°, 

.:,'. ~:"lGL:te, albite, amazcmt£· and topaz 
"::,!~:-._:~...: stable becaUSe of thE' ',vider range of 

:~:S:~:"'~~~=:i.t~')n of quartz. Those ~'orkers who 
~-):>= Z-~ ~:--.f.' second hypothesis assume that 
,~:,,,:,e is ;;mazonitized in the late alkaline 
-:-,,::e ,:,f tht' postmagmatic process, at tempera­
',"t5 cof 2~,(i" to 2000 r -i I. 

'.\'" sn::iied inclusions in quartz from different 
;:::es of zll!!1waldite-amazonlte-albite apo­
:~.i.~ite. The rocks studied are confined to 
::~,es of extensive jointing near the apex of a 
,"lnite pluton. Geologic, petrographic. 
~::nerJ.logic and geochemical investigations 
-,:')Wed that this apogranite had been formed 
:~}'111 biotite granite of the first phase, from 
,c'l(ocratic granite of the second and the third 
::,ases and. in part, from the surrounding 
;:hist. Our study of inclusions o( molten 
~:lterial in quartz from biotite granite has 
":ready enabled us to estimate the crystallization 
temperature of the granite [6]. Allowing for 
':lr new additional data, the range of homo­
~enization temperatures of these inclUSions can 
~,)\\' be estimated at 800° to 1020°. 

In terms of mineral parageneses and position 
:,1 the metasomatic column, the following 

'Translated from: Temperaturnyye usloviya 
: .. "mi r'J':aniya tsinnva!'dit-amazonit-albitovykh 
~,:.o~ranit,,\,. Doklady Akademii Nauk SSSR, 1972. 
',,;:, 211:1. );0. 3, pp. 6g" - 688. 

vertical and horizontal zones can be identified 
in the studied apogranite: 1) unaltered granite 
of the first and second phases; 2) microclinized, 
musco,'itized 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-albite-amazonite apogranite; 6) banded 
zinnwaldite (cryophyllite) -amazonit"-albite 
apogranite; 7) zinnwaldite (albite) -topaz-
quartz greisen of the outer contact; 8) quartz­
amazonite veins in granite, apogranite and 
sch:st. Our mineralogic and petrographic 
study of the main rock-forming min'"rals 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 -ama,wnite veins of the eighth zone also 
contain fluid CO2 , 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 mo:"e or less 
isometric shape and are not associ.lted 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). 




