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Preface

Based on the great success made in oil and gas exploration in Mesozoic and Cenozoic¢ continental
basins in the past decades, China produces 160 million tons of crude oil annually. Howevet, 1o
kecp the country's oil production and reserves stable and rising steadily, China needs to step up
the efforts for oil and gas exploration of Paleozoic marine carbonate rock that is extensively dis-
tributed in China. The purpose is to help the country obtain the strategic substitute areas for oil
and gas resources, There are three characteristics extensively existing in China’s marine carbon-
ate rock tableland. 1. The era of the strata is verv old, usvally Lower Paleozoic and Proterozoic,
with a long Listory. The period for hydrocarbon is very early. 2. Evolution of organic matter is
extensively of high degree and usually under a stage from wet gas to dry gas, 3. The abundance
of organic matter in carbonate rock is extensively low, formed mainly in shallow water and shal-
low water environment represented by epicontinental sea. For example, North China area {in-
cluding Ordos basin) is an epicontinental sea environment at Cambrian—Early Ordovician era.
The remaining organic carbon content of old carbonate rock is usually about 0.20 percent in
China. This bzars great influence on assessment of marine carbonate rock resources volume and

principles for oil and gas exploration in the country.

On the contrary, Russia has made tremendous achievements in old marine carbonate rock oil
and gas exploration. For example, the proven and controlled oil and gas resources volumes arg
currently 3.2 billion tons of equivalent oil and gas in Timan—Pechyora basin and the prespect
resources volumes arc 17 billion tons. West Siberia is a famous oil and gas basin in Russia. In
addition to some large and giant oil and gas fields of Mesozoic-Cenozoic Jurassic and Cretaceous
such as Qiuming Oii Field and Urengoy Gas Field, Palcozoic has become morc and more impaor-
tant target horizons for exploration. A total of four Ordovician oil and gas reservoirs have been
discovered. Kovikgin Condensate Gas Ficld and Verchon Gas Field have been discovered in the
central southern part of the East Siberia platform, The producing layers of Koviktin Condensate
Gas Field are of the second formation of Vendian. The oil and gas tlow is found in 22 wells with

the production reaching 300,000 m'/d.

in 1999, Academician Dai Jin at China's Academy of Sciences sponsored a rescarch project
for cooperative comparison of “Chinese-Russian marine carbonate rock and oil and gas " in an
attempt to promote bilateral academic exchange in this field and borrow each other’s expericncs,
it is important for the Chinese side to borrow experience from marine carbonate rock oil and gas
exploration from the Russian side. In addition, the research project can promote exchange of
samples of hydrocarbon source rock and crude oil for contmon analysis and study and solve some
1ssucs of mutual concerns.

Bascdon the scheduleol Chinesce—Russian marine carbinate rock

and oil and gas project an



cight-member delegation headed by Dr Jia Chengzao visited Russia for technical exchange be-
tween December 10 and 29, 1999, The Chinese researchers visited Geophysical Chemistry &
Analytical Chemistry Rescarch Institute under Russia’s Academy of Sciences (from December
1 to 18, 1999), VNIGRI {from December 19 to 22). GAZPROM (on December 213 and Petro-
leum Geological Research Institute of Russia’s Academy of Sciences (from December 23 to 28),
The bilateral sides exchanged geophysical chemucal samples from Tartim basm and Ti-
man-Pechyora basin as well as some preliminary rescarch results on these two basins. During the
course of technical discussion, the Chinese side briefed about the oil geological conditions of
Tarim basin while the Russian side reciprocated by brieting about the o1l geological conditions of

Timan—Pechra basin, Fast Siberia tableland and West Siberia basin.

The Chinese researchers discussed m detail with their counterparts at Petroleum Geological
Research Institute under Russia’s Academy of Sciences about the oil geological conditions of
Tarim basin and Siberia tableland. The two sides have highly evaluated cach other’s research
fruit and shared an identical view op such scientific cxchange. They proposed to publish the re-
sult of thefr academic exchange in English in China and in Russian in Russia,

This book 1s an Eaglish version of the theses submitted for Chinese-Russian acadentic cx-
change concerning the oil geological conditions of Tarim basin and Siberta platform. This book
collects 19 academic papers in total. six ones from the Chinese side and 12 ones from the Russia
side. Those papers coser the structure, sedimentation, oil generaticn and oil and gas reservoirs of
Tarim basin, West Siberia basin and East Siberia tableland. Those papers are also focused on the
comprehensiv e ol geological conditions and the oil economic conditions i Russian. Publicazion
of this cellection partially reflects the exchanged results of the “Chinese-Russian marine carbon-
ate rock and oil and gas research project.” Meanwhile, [ hope that this collection of papers can
help the Chinese and Russian researchers borrow cach other’s experience in oil and gas research

and exploration,

The papers in this book have been examined and determined by Dr. Jia Chengzao and Dr. Sen-
nikov N. V. Thank Academician A.FE.Kontorovich for offering gooed conditons Tor acadeniic ex-
change. Thank Academician Dai Jinxing and Academician A.E.Kontorovich for their instructions

on publication of this bock,

Dr. Jia Chengzao and Dr. N.V.Sennikov
April 20, 2000
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The Exploration Achievements and the Prospect
for Natural Gas in Tarim Basin, China

Jia Chengzao & Xizao Zhongyvao
{ PetroChing Compuny Limited, Ching)
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Abstract: In rceent years. a great progress has been made in the gas exploration by Tarim Cilfield Corpo-
ration. A total of 13 glant and medium-size ofl and gas fields arc proved, with the proven and probable
geological rescrves being 9.03x10° tons oil equivalence including proven peological gas reserves of
5050x10%m’, and 4 total 11010x10*m” of proven. probable and predicted gas geological reserves. So this
1s the base switching on the project of "western natural pas delivered eastward”. Kela-2 gas field is the
largest sized gas field proved ir China. with gas-bearing area 47,1 km” and proven gas geological re-
serves 2506.1x[0%m’. Tarim Basin is a large superposed composite basin made by Palaeozowc cratonic
basin and Meso-Ccnozoic foreland basin, with the two types of gas resources of cracking gas from marine
strata and pyrolysis ges from measure strata. The tectonic posion of the Tarim Basin belongs to basin
group at the north margin of Tethys and belongs 1o a part of gas-rich provinge of Middle Asian. The basin
has good coadition forming giant-medium sized gas fields., developed with 4 sets of source rocks includ-
ing main gas source rocks of Cambro—Lower (rdovician and Trasswe—Jurassic, and 5 good reservolr-seal
assemblages for gas accumulation. Several petroleum systems such as Kuga, Mangl, Awati. Scuthwestern
Tenim, Tangpu. Southeastern Tartm and Yinggisu are composed of by the 4 sets of source tocks and 3
oll-gras regions can be classificd obviously. which are Kuga—Tabei gas region, Mangal o1l-zas region and
Bachu—Southwest Tarim gas region. At present, the focal exploration arca is in Kuga petroleur system.
At the samc time, seismic reconnaissance and comprehensiy e research are under way for Southwest De-

pression, which wili be a very important sirategic prepared area for gas exploration.

Key words: Gas-ol ficld, Petrgleum system. Gas exoloration, Tarim Basin

The central part of the basin is Taklamakan
desert, the largest moving desert called “death
Sea” in the world, is, with an extent of
33510%m”.

From April 1989 to April 20(K), 2D setsmic
survey of 19.4x10%km and 3D seismic survey

1 Intreduction

Tarim Basin, surrounded by Tianshan
Mountains anc Kunlun Mountains, is located
in the southern part of Xingjiang Uygur
Autonomeus Region and is the largest sedi-
mentary basin in China, covering 56 x10*km?,



2 The Exploration Achievement and Prospect lor Natural Gas in Tarim Basin, China

of 10460 km’ were accomplished. 369 explo-
sive wells were finished by Tarim O:lfield
Corporation,  with a total footage of
187.37%10°m, and the commercial oil and gas
flow came out in 131 of 369 explosive wells.
The average success ratio for exploration well
is 4"% and the average success ratio for ex-
ploration trap 15 34%. 135 giant-medium sized

oil and gas fields were proved. which include

7 oil fields. fe¢. Lunnan. Sangtamu. Jie-
fangqudong, Donghetang, Hade 4, Tazhong 4
and Tazhong 16. and 8 gas fields ie. Kela-2,
Yaha, Yingmai 7, Yangtake. Yudong 2, Jilake,
Hetianthe and Tazhong 6 '. Therefore, obvi-
ously, 3 oil-gas regions could be divided, i.c,
Kuga—Tabei gas region, Mangal oil-gas re-
gion and Bachu-5Southwest Tarim gas region
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Fig. 1 The oil and gas field distribution in Tarim basin,

Till the end of the April 2000, the total
geologica reserves of proven 3.25x10" tons
of oii (0.95x108 tons
4700x10%n of gas (3248x10%m’ of gas re-
coverable), probable 0.67x10" tons of ¢il and
760%10%m of gas and predicted 1.26x10°
tons of oil and 4208x10°m” of gas, had been
obrained by Tarim Oilfield Corporation for

recoverable]  and

the 11 years® exploration.

For 3 years from 1997 to 1999, a very im-
portant progress had beep made in the gas
exploration. Hetianhe gas field was discov-

ered and proved in Mazatage structural heit of
the south margin of Bachu Uplift. with proven
reserves of 616x10°m®. Kela-2 gas field in
Kelasu structural belt and Yinan-2 in Yigike-
like structaral belt were discovered, and thep
several gas fields such as Dabei-1 and Tuzi-1
cte. had been found in Kuga Depression, The
proven gas geological reserves of Kela-2 was
2506x10*m’ and the total predicted gas geo-
logical reserves of Dabei-1, Tuzi-1, Ynan-2.
Yishen-4 and Kela-3 gas  fields was
3543xi 0°m’ (Fig. 2).
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Fig. 2 The distribartion of the gas fieids in Kuga—Tabei gas region,

Up to now, Tarim Qilfield Corporation has

acquired 9.03x10% tons of oil equivalence of

proven and probable geological resernves in-
cluding S050x10%m’ of proven gas geological
reserves. and a total 11010x10%m” of 3 grade
gas geological reserves. So Tarim Basin has
already becn & basin with the largest remnant
recoverable gas reserves. It costs 0.73 dollar
tor a recoverable barre] of oil equivalence
lower than the average level of the oil com-
panies in the world.

2 Petroleum Geology and Gas
Resources

2.1 Tectonics

¢1) Tarim Basin is & large superposed
compgsite basin made from Palacosoic cra-
tonic basin and Meso—~Cenozoic foreland ba-
sin, with the two types of gas resources of
cracking gas from marine sirata and pyrolysis

gas from measure strata and with the two
kinds of exploration targets in Palaeozoic
cratonte bastn and Meso—Cenozoic foreland
basin ~ .

The main body of the Tarim Basin is Pa-
lagozoic cratonic basin developed upon the
old continental crust and basement, super-
poscd by the two Meso~Cenozoic forcland
basins in the northern part and in the southem
part of the basin in late period. These two
basins lave thewr own sediments, tectonic
characters and petroleum accumulation regu-
larities (Fig.3). The hydrocarbon accumula-
tion is under the control of paleo-uplift and its
slope In Palacozoic cratonic basin and thrust
belt of Himalayan
Meso—Cenozoic foreland basin . The natural
gas in Palacozoic cratonic basin js mainly the

orogeny in

cracking gas from Cambro—Ordovician and
the natural gas in Meso—Cenozoic foreland

basin is mainly the pyrolysis gas from meas-
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Fig. 3 Stractural cross section of Tarim Basin.

ure strata of Triassic and Jurassic,

The Palacorzoic cratonic basin has a huge
thickness of carbonate and clastic sed:ments,
invelving cratonic marginal aulacogen stage
from Sinian to Ordovician, marginal foreland
basin stage from Silurian to Devonian and
cratonic margin and intracratonic rift stages
from Carboniferous to Permian~ . The paleo
uplifts are the main hydrocarbon accumula-
tion area and can bhe divided into 3 types or 5
kinds. including Tazhong stable paleo uplift.
Tabei and Tadong residual paleo uplifts and
Bachu and Tanan acive palco uplifts, In Pa-
laeozoic cratonic basin, Hetianhe gas field has
been discovered at the south margin of Bachu
paleo uplift.

Kuga Depression and Scuthwest Depres-
sion are marine sediment depression from
Mesozoic to Cenocoic in the front of Tian-
shan Mountains and Kunlun Mountains, re-
spectively. In the two depressions, Lacustrine
to swamp deposit was developed in Triassic
and Jurassic with coal-bearing strata, and flu-
vigl-delta deposit was mainly developed in

Creataceous and Tertiary with  shallow sea

facies and lagoon facies developed in the
western part of the basin. Tiws, :he good
source—teserveir—seal  assemblages  were
formed. At the end of the Tertiary, the strong
thrust belts, being the most favorable gas ac-
cumulation arca, were taken shape in Kuqga
Depression  and  Southwest  Depression,
caused by Himalayan orogeny and formed a
lot of fault-folded loca. structures and traps.
Some giant to supergiant anticlinal gas ficlds
such as Kela-2, ete., had been found in the
foreland basins,

Therefore, there are two types of gas re-
sources of the cracking gas from marine strata
and the phyrolysis gas from1 measure strata
and two kinds of exploration targets in Pa-
laeuzoic cratonic and VMeso-Cenozoic fore-
land of the large supcrposed comaosite basin.

(2} The tectonic position ¢f the Tarim
Basin s situtated in the basin group at the
north margin of Tetliys and belongs to a part
of gas-rich province of Middle Asian

The basin group is located at the northern
margin of paleco Tethys structural belt. in-

cluding Tarim Basin, Fergana Basin, Sirduya
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Basin, Kala—Kum Basin  and ‘Tadzhiki-
stan—Afghanistan Bas,n ctc. These basing arc
always under the active continental marginal
tectoric setting of the noirth side of paleo
Tethys Sea and nec Tethys Sea from Meso-

zoic Lra, and involved retroare foreland hasin
from Permian o Triassic, retoare expanding
rift-subsidence basin from Jurassic to Palaco-
gene and regenerative foreland basin (Fig.4).
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Fig. 4 The gas field distribution of Jurassic basin in the narthern Tethys.

L. Fold belt of Palacozic; 2 Told belt of Meso-Cenovsoic; 3. Sedimzntary basin of Palasozowc: 4.

Sedimentary basin of Meso—Cznosoic:
struictural belt ar subductition orogente belt:

Lplift, ill Budhz—Kalar L plifi,

The tectonic setting of the northem margin
of Tethys deternunes that the organic mateers
in the basins are mainly humic fype (the kero-
gen of type il and 1) generating mainly
natural gas. It is well xnown that these basins
are much rich i gas, for exampie, Kala—Kum
basin with gas reserves of 67000x10°".

The  hydrocarbon-bearing  basins of the
north margin of Tethys are much similar in
the conditions of petroleum geology as {ol-
lows.

Tectonic sctting: All basins were always
under the active eontinental marginal te ctonie

5. Jurassic basin; 6. Gas field;

B, Strike-slip fault I Bubar- Karzov Step Block, 11 Kala

T Fault 8, Plate styloditic

1%, The Cresent Zone of Western Tanm

sctting of the north side of palco-Tethys and
neo- Tethys from Mesozoi¢ Era.

Evolution history: These basins invohed
the bascment developing slage in Triassic, the
subsidence stage from Jurassic o the end of
Paieccene and the molasse developing stage
from the end of Eogene.

Organic matter: The main  hvdrocarbon
source rock 1s Jurassic coal-bearing strata. in
which the organic matter is humic tvpe (fype
[11)  or humic sapropellic type {type [l ) and
humic organic 1nauter s dominant. which
mainly generates natural gas.



B The Fxploration Aclievements and Pospect for Nataral Gas in Tarimn Basin

The trap loration is closely related with the
fold thrust belt of the foreland, and the dy-
namic background 1is related with continued
impingement between Indian plate and Furas-
sian plate.

So the conclusions can be obtained as fol-
lows through the analysis of tectonic sefting
and petreleum geological conditions of the
Tarim Basin.

(1) Tarim Basin is one part of the gas-rich
province of Middle Asia and has probably
been an enfirty with Kala—Kun Basin and
Tadzhikistan-Afghanistan Basin, which were
separated by Pamir Arch developed in Mio-
cene and formed the present tectonic frame-
work,

{2) Tarim Basin has the petroleum geo-
logical condittons to form huge sized natural
gas fields. especially in the western Tarim
Basin where stratigrapliic sequences arc much
similar to the basins of Middle Asia and also
the main gas-znriched area.

2.2 Source Petroleum System

4 sets of main source rocks mclading
Cambro—Lower Ordovician, Middle and Up-
per Ordoviclan, Carboniferous and Tras-
sic—Jurassic, are developed in Tarim Basin.
But the gas source rocks are mainly Cam-
bro-Lowe- Ordovician and Triassic —Jurassic.
Analysing by sedimemary facies and organic
mattcr source, the source rocks of Palaenzoic
are maring strata developed in cratonic basin
and the ongs of Mesozoic are terrestrial strata
developed in foreland basins. The 4 sets of
source rocks grouped seven petroleum sys-
temns. such as Kuqa perreleum system, Mange
petroleum Systerm, Awatl petrolewn systerm,
Southwestern Tarim petroleum system, Tang-
gu petroleum systerr, Southeastern Tarim
petroleum system and Yingjisu petroleum

leum system (Fig.8),

2.2.1 Gas source rock of Cambro—Lower
Crdovician

The source rock of Canbro—Lower Ordo-
vician is distributed meost widely, with higher
organic abundance, the largest amount of re-
sources composed and the multiple stages of
thermal evolution and hydrocarbon generat.ng.
According to sedimentarv environment. the
source rock car be divided into 2 types of
starved basin facies of margional cratonic and
endogenous platform lacies of inner cratonic.

The high quality source rock of stared
basin facies of marginal cratonic 15 mainly
distributed in the eastem part of the Mang!
Sag. The lithology of the source rock 15 black
shaly micritic marl and siliceous or calcareous
mudstone. with average TOC from |.24% to
2.28% and the maximum TOC 5.52%. The
atganic precursor of the source rock s matmly
planktonic algae. constituting type | organic
matter, The source organic matter of the
starved basing facies are at the swge of
over-maturation. with converted Ro  {rom
1.91% to 3.61% flor Middle and Lower Cam-
trian strata, from 1.88% to 2.13% flor Upper
Cambrian strata.

The source rock of cndogenous platform
facies was developed in Middle and Lower
Cambrian strata and was distributed in the
western part of the basin with average TOC
from .91% to 1,24%. The organic matter uf
the source rock belenged to type | and is at
tugher thermal cvolution, cquivalent to
vitrinite reflectance Ro from 1.44% to 2.06%,
showing the source rock being at the stage of
high maturation to over-maturation,

The distribution of the oil and gas derived
trom the source rock is very complicated be-
cause of mulliple thermal evolution stages
The dstribution of gas ficld in cratonic area 1s
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under the control of the source rock. The dry
gas in Hetinhe gas field and in Jilake gas ficld
derived

high-guality and effective source kitchen of

found at present  were from
Cambrian in Southwest Depression and in the
eastern part of Mangl Sag, respectively.

Moreover. the central and western part of

Awati Sag is a poteniial dry gas-rich area
generating The Cam-
bro-Lower Ordovician petroleum system can

from  Cambrian,
be regionally classified into 2 confirmed pe-
rroleumn systems and a guessed petroleum
system, which are Mangl, Southwest Tarim
and Awati petroleum systems.
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Fig. 5 (a) The gas bearing area of Kela-2 gas ficld;
(b) The cross section of Kela2 gas field along BC95-230 line through weil Kelz-2,

2 2.2 Middle—U pper Ordovician source rock
The high-quality Middle—Upper Ordovi-
clan source rock is mainly distributed in Taz-

hontg Uplift, Tabei Uplift and its south slope
and the central and westetn part of Awati Sag.
I'he source rock in Tazhong area is widely
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distributed in the main uplitt and its northem
slope. with average thickness of 80m. 1'0OC
from 0.3% lo 5.54%. The orgamic malter ol
the source rock 1s tvpe | or mixed type 11- to
l1l. and is at the peak of hydrocarbon genena-
tion of wml prone, wilh organic maturation R,
from 0.81% 1o 1.30%.

The Middie—Upper Crdovician source rock
in Tabei Uplift is distributed in the central and
castern part of the Uplift, with TOC from
0.2% to 0.96% and feo from (0.89% to 1.45%
being at the peak of hydrocarbon generation
and the end of oil-generating window.

The Msiddle Upper Ordovician source rock
distribuled in craionic area, with higher or-
ganic abundance, moderate maturation and
oil-prone mixed organic type, is a reality and
effective marine oil source rock. Now. the
distnibution of marine o1l field is under the
control of the source rock in cratonic arca.
and most uf the marine oil is derived from the
Middie-Upper Ordovician source rock,

2.2.3 Carboniferous source rack

The Carboniferous source rock of high
organic abundance is matnly distributed in the
western part of the hasin, and developed veor-
tically mn Kalashayi Formation and Bachu
I'ormation.

The mudstone of Kalashavi Formation
belongs to littoral lagoon facies and offshore
fluvial—paiudal facies with maximum thrck-
ness 97m. maximum TOC=7.09% and hydro-
carbon source potental 37.78mg/g of the
coal-bearing source reck. The organic matter
of the source rock 1s mainly from type [l. to
I1l,  being at the lower mature stage with Ro
generally less than 0.7%,

The biomicritite of Bachu Formation be-
longs to the sedimen! 1n marginal piatform
slope with the thickness 30m, average TOC
-1 62% and the maximum TOU=1.93% of the

source rock. The mised ty pe Is characteristic
of the organic matter of the source rock |, with
Ro 0.80% or so. The Carboniferous petroleum
system 18 distributed in Southwest Depression,
in which the oil and gas commercial flow
from Carbonilzrous has not been found ox-
cept oil and gas indications and low oil flow
in Well.Qun-4 and Well.Qu-1, and Well Ma-4
1n Mazatage structural belt.

2.2 4 Triassic and Jurassic source rock

The source rock of Triassic and Jurassic
source rock, being mainly lacustrine mudsto-
ne and coal-bearing mudstone, is distributed
m Kuga Depression and Sothwest Depression.

(1) Triassic and Jurassic source rock in
Kuga Depression.

Triassic and Jurassic source rock in Kuga
Depression ineludes coal-bearing mudstone
and lacustrine mudstone, with their sedimen-
tary facics belonging to palludal facies and
lacustrine facigs. respectively. The coal-
bearing source rock 15 widely distributed in
the whole depression and vertically distribui-
ed mainly in Middle-Lower lurassic and
secondlv in Upper Triassic. The lacustiine
source rock is distributed in Jurassic and
Triassic and is mainly developed in Qi-
akemake Formation of Jurassic and in the
main body of Triassic,

Five source beds can be distinguisked
They are Qiakemake Formation, Kezilenuer
Formation and Yangxia Formation of Jurassic
and Taligike Formalion and Huangshanjie
Formation of Triassic. with the source thidk-
ness of Jurassic ranging from 0 to 1704m and
the sourcc thickness of Triassic from 0 to
980m. The maximum thickness of Jurassic
and Triassic 1s located in Baicheng Sag, and
the source rock of Jurassic is wider in cis-
tribution than thar of Triassic becausc of
overlving measure in Mesozoic. Some known
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structural belts such as Kelasu, Yigikelike.
Qiulitake and Gumurzibieke et¢ arg in or near
the hydrocarbon-generating center.

The source rock in Kuga Depression has
higher organic abuncance with TOC from
0.01% to 39.98% and averages 3.68% for
Jurassic mudstone and carbargillite, and from
0.01% to 24.52% and averages 3.68% for
Triassic mudstone and carbargi llite.

The source rock of Jurassic and Trigssic is
enrichment in vitrinite with the average con-
tent 32,07% and lower hydrogen index in 4
large pyrolysis data. The terrigencous source
kerogen in the whole depression s from
—-19.43%, 10 —28.10%: with main body from
—22.8%0 to -28.1%. showing terrigeneous
plants for the organic precusor.

The witrinite flectance of the Mesozoic
source rock is generally more than 0,7%. In
the direction from north to south. the main
body of the depression, Baicheng Sag and
Yangxia Sag of the central part of the depres-
sion, is higher in source maturation. while the
northern part and the southern part of the de-
pression are in lower mature stage. The bot-
tom of Jurassic is at over-maturation stage
with Ro more than 2.0%, in Baicheng Sag and
at high-maturation stage with Ro 1.5% or so
in Yangxia Sag. So, Kuga foreland area is rich
in gas because of the organic matter and
maturation of Mesozoic source rock.

The peak of gas generation occurred in late
Himalaya and the main period of gas accu-
mulation begaa from 5 Ma, maiched with the
formation of traps and all these things were
favorable for oil and gas accumulation with
main dry gas and condensate gas phase.

(2) Jurassic source rock in Southwest De-
pression.

The source rock of Mesozoic in Southwest
Depression is mainly measure sivata of Mid-

dle—Lower Jurassic with fluvial, salludal and
iacusirne facies, and is mainly distributed
along Kashi Sag and Yecheng Sag near
range-front. A total thickness of the source
rock is more than 300m and the maximum
700m in Kashi Sag with dark laucstrine mud-
stone over 80m, The oil and gas n Kekeva
gas field were generated by the source rock.

The organic abundance of the source rock
of Middle—Lower Jurassic is higher than the
other in the soutlhwest of Tarim Basin, The
value i3 TOC from 1.10% to 3.73% and hy-
drocarbon content from 539 ppm to 2789 ppm
in Kashi Sag, and TOC from 0.70% to 1.10%,
hydrocarbon content from 37 ppm to 285 ppm
in Yecheng Sag. The organic matter of the
source rock is mainly type 11> or type IlI,
with iraturation from premature and early
mature stage near Maigaiti Slope to mature
and highly mature stage in central part of
Yecheng Sag and Kashi Sag. The source rock
of Jurassic entered the threshold of hydroca r-
bon generation in Miocene and was at the
peak of oil generation or even at the stage of
condensate gas and wet gas generation at
present.

According to the analysis above, therc are 2
sets of important gas source rocks, which are
Cambro—Lower Ordovician source rock aad
Triassic—Jurassic source rock respectively.
The natural gas generated by the former is the
cracking gas from old oil reservoir with an
example of Hetianhe gas field, and the one
generated by the latter is pyrolysis gas from
kerogen of type [l with an example of
Keia-2 gas field.

2.3 Reservoir-seal Assemblages

Five good reservoir—seal assemblages
for gas accumulation are developed in Tarim
Basin as foliows:
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{1) The assemblage of Cretaccous sandsio-
ne and Eogene sallay and gyvpseous mudstone
is the best assemblage of the basin. of which
Kela-2 gas field has been found. and is dis-
tributed n Kelasu and Quulitake structural
belts and Tabet area.

{2) The assemblage
bearing mudstonc and its underiying sand-
stone. of which Yinan 2 gas ficld has been

found. 15 distributed m monochine zone i the

of Jurassic coal-

northern part of Kuga Depression  and
Yigikelike structural belt.

(3y The assepmlage of interbeds of
limestonc and sandstone—shale ot Carboniter-
ous and buried hill .n Ordovician weathering
crust, of which Het'unhe gas field has been
found, is mainly distributed from Selibuva to
Mezzatage structural belt.

(4) The assemblages of sandstone and
mudstone in Neogene and gypseous mudstone
and dolomite. sandstone in Ecgene and Creta-
cecus. of which Keceya gas field has been
found, is distributed on the south margin of
Southwest Depression.

(5) The assemblage of Cambrian salty and
gypseous strata and the underlying dolomite
are to be exploded further.

Voreover, the gypseous mudstone and
gypseous salty mudsione of Jidike Formation
and its wnderlying sandstone at bottom 1o-
gether construct commposed of another high-

qual:ty assemblage.
2.4 The Resources of Natural GGas

(1} According o resource assessment of'the
whale nation in 1994, the resources of natural
gus is K.39x10""m’ in Tarim Basin. which is
one of the richest basins in China,

{2) The resources of naturz] gas in Kuqa
Depression
The range of Kuga petroleum system is

cquivalent to Kuga—Tabei gas region includ-
ing its main body of Kuga Depression and the
northern part of Tabei Uphil, with a total area
of 42700 km?

The reassessment of hydrocarbon resources
to Kuga Depression shows that the hyvdrocar-
bon resources is 26.5%10" tons of oil ccuiva-
lents including 4.1x10* tons of oil and
2.23x10"m" of gas. The oil and gas abun-
dance reaches 9.43x10* tons of 01l equivalents
per square kilometers and gas to oil ratio is
5.4:1, indicating Kuga petroleum system is
rich in gas. The gas resources in the known
structural belts is above 2x10"m’ in Kuqa
petroleum sysien.

Comparing it with gas-rich province of
Middle Asia, we anticipate that the big-sized
gas field with gas resenes from 3060 x]0°m’
to 4000x10*m" could be possibly found. Ac-
cording to G.P.Zipf rule explaining a relauom-
ship of power function between the rank and
the size of oil and gas reservoir, 6-8 gas
ficlds with gas reserves from 50(x10%n" to
1500%10°m" and a total gas reserves ncar
70001 0%m’ could be found later.

(2) The reseurces of natural gas in South-
wesl perrofeum svsiem.

The resources ol natural gas in Scuth-
west petroleum system is 2,089 10°m’, and 2
gas fields of Hetlanhe and Kekeya has been
found. with proven geological reserves
967x11Pm’ and probable geological reserves
436x10*m’. The petrolewm system, with very
poor exploraticn at present, is an important
sirategic prepared area for gas exploration in
Tarim Basin.

(4) The cresent gas-rich zone in the western
part of Tarim Basin,

The cresent gas-rich zone in the western
part of Tarim Basin, composed of Kuga,
Southwest Tarim and Awati petrolcum sys-
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tems. includes Kuga Foreland Depression,
Southwest Foreland Depression, Bachu Uplifi
and Awari Sag, with 2 tota! area of 18x10%km”,
The resources of natural gas of the zone is
4.485x10'"m’, occupying 54% of the whole
basin, So far, the total gained geological re-
serves is 8806x10%m’ including 4567x10°m’
of proven reserves, 463x10°m’ probabic re-
serves and 3776x10%m’ of predicted rescrves
in the zone.

On the basis of the analysis of the regional
teclonic setting, Tarim Basin 1s one of the
hasins 1n the north margin of Tethys such as
Kala—Kum Basin and Tadzhiki-
stan—Afghanistan  Basin, and a pan of

zas-rich provinee of Middle Asia, [t 1s needed
to indicate that the westerm part of Tarim Ba-
sin 1§ more comparable with gas-rich basins.
such as Kala—Kum Basin in conditions of yas
accumulation,

As a result, the cresent gas-rich zone in the
western Tarim Basin has the prospect obtain-
ing gas geological reserves from 2 x107m’ to
3x16%m’ and the capacity forming gas-rich
province as larger as the ones in (the world.

3 The Proved Gas Fields

Till to April 2000, 9 giant or medivm
sized gas fields (Table 1) had been proved and
some exampies werc as follows.

Table 1 Nine giant—medivin sized zas proved by Tarim Oilfield Corporation

Proven geological  reserves
No, Ol & was fields M zones [l & pas-beaning area .
l N L rugle oil Natueal gas
L — x10"wms) {x10"m")
[ Kela-? gas field EK £7 1 hm” ! 2506.1
2 aha o1l & gas freld B A 18 m* ERRE} X 305 37
J ) feheya pas feld ht 27 Sk | RESI 343.55
4 Hettanhe gay tichl Lo 145hm” | frl 94
—
S Ymanan 7 pas ficld E K SRS 195401 30075
& Yanguihe gas fivid LK | & 3km” S67.5 274
— —
7 Jilake gas Theld Tc 32.5km” 782 136.8
8 Tazlwng & gas field C S&hm’ 714 8526
G Yudong 2 pas field LK 10.2hm° 142 r 7312
. |
botal | 455 8knv 11239 | 4751 38

3.1 Kela-2 Gas Field

Kela-2 gas field is located at the eastemn
pant of Kelasu structural bell, found in Janu-
ary 1998 by the first discovery Well.Kela-2.
The asscssment exploration of the field was

completed in March 2000, and the field had
been proved based on 2D seismic survey
(1.0km x ©.75km), 4 exploration wells and
ligh-level technology of early reservoir de-
scription. The proven gas geological reserves
is 2506.1x10°m" with the gas-bearing area
47.1 km® (Fig.6, Table 2),
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Kela-2 gas field is the largest sized gas
field in China, with super high gas aburdance.
high to super high vield and super high volt-
age, and is one of the important discoveries of
oil and gas exploration in China. The discov-
cry and verify of Kela-2 gas field will help
facilitate the national huge engineering proj-

gcl of "western natural gas delivered cast-
ward" and Kela-2 gas field will be the main
gas field in the project. So, it is determined
that Tarim Basin 1s the main gas production
base in the project of "weslern namral gas
delivered eastward".

Table 2 The caleulation sheet for the proven gas geological reseryes of Kela-2 gas field

Average {ag-hea Forma-
Ll Fomation Crigmal Prosen geolog-
Uas-bearng effective Por. rifg salura- Lion
culation . lemperalure pas  devia- | cal resceves
areg (km} thickness {%) Kn Pressure i
Leds ; (KD Lion factor {x10%m"}
[} ) {MFa)
T
ki -Km
47.1 56 12.4 89 1396
E|-kma-
43.5 T84 125 67 1118.2]
b b : 374 7441 1 48%
Kibso 208 1031 13.6 71 6146
Kibea—
119 42.1 9.4 6] 11247
Kib
Tota. 47.] L 1534 1 12.7 69 174 441 1489 2506.1
The anticlinal area of Kela-2 gas field is satu-ration 69%, 95.5% of the gas reserves

48.1 km’, with closed magnitude 455m. The
main payzones are the sandstone of Creta-
ceous and the bottom sandstone of Eogene,
with interconnection in vertical. All the pay
Zones are in the same temperature and pres-
sure system, with high formation pressure
coefticient from 1.95 to 2.20. The gas field
has unite gas water contact (of 2468m under
the seal level). with gas column of 448m and
liigher fullness coefficient. The gas field is
auticlinal elock gas field of edge water and
basal water, with its buried depth from 3500m
to 4050m (Fig.7).

The high-qualiry sandstone of Cretaceous
is steadily distributed, averaging from 350m
to 400m thick, and has good reservoir prop-
erty. The average effective thickness of the
gas-bearing zones is 134.1m, with average

porosity  12.7% and average gas-bearing

concentrates in the sandstone of the gas field.
There were 16 pay zones producing high
yield in the bottom sandstone of Cretactous
and Eogene in wells of Kela-2, -201, -203 and
-204, with their daily gas production of single
zone from 23.8 x10*m’ to 104.6x10'm’ after
well completing test. The maximum daily gas
production reached 104.6x10*m’ in interval
from 3770 o 3795m in Well Kela-201 after
isochronol testing, with only 4 MPa pressure
differential. The maximum daily gas produc-
tion of interval from 3698.5m to 3916.3m in
Well Kela-203 was over 200x10*m’ through
pilot development.

The natura] gas of Kela-2 gas field is
very good in quality which is very tavorable
to develop, with much simple components of
methane content over 95%. very dry gas with
less condensate and water and without HaS,
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Fig. 6 The division petroleum system and distribution of source rocks in Tarim basin.
1. Beundary of petroteurn system 2. Sovrce rocks area 3.play 4. Major ofl and gaz ficlds and their numaer,

5. Boundary of recwonic elements. 6. Fault 7 Basio boundary

Well Kelalinl It

Fig. 7 BC95-230 migrated section through Kela-2 pas field.

No.Ma-2 and No.Ma-4, composed of 5 local
highs. Hetianhe gas field was found in 1997

Hetianhe gas field is located at Mazatage by the first discovery of Well Ma-4, and was
structural belt of the south margin of Bachu proved m 1998, with the gas-bearing arca
Uplift. The structural belt is about 90km long 143.4kn? and the gas geological reserves
from cast to west. developed with the traps of  g16.94x10%m° (including  nitrogen  gas

3.2 Hetianhe Gas Field
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£7.22x10°m’). The main payrones arc bio-
clastic limestone and glutenite of Carbonifer-
ous and carbonate of Ordovicion buried hill.
The buried depth of the gas field is from
1546m to 2272m, with the thickness of gas
bearing column from I11.5m to 47.8m. The
gas field belongs to layered gas reservoir with
edge water and block gas reservoir with bot-
tom water. The natural gas is dry gas with
nitrogen content over 14%. The formation
temperature is from 36 1o 72 C and the for-
matioh pressure {tom 13.6 MPa 10 24.8MPa.
with the pressure coefficient from 0.9 to 1.15.
The reserve abundance is 4.3%10%m’ per
sguare kilometer with single zone's dailv pro-
duction from 5 x10%m’ 1o 17.3x10°m” in a

well,
3.3 Yaha Oil and Gas Field

Yaha oil and gas ficld is located at Yaha
fault structural belt in the cenwral part of Lun-
iat fautred upfold n Tabei Rise. The stuctural
beit is about 80 km long from cast to west and
composed of oil ancd gas-bearing drag anti-
clines or faulted anticlines under the control
of normal fault such as Yaha-1, Yaha-5,
Yaha-7, Yaha-2, -3, Yaha-6 and Yaha-4. Yaha
oil and gas field was found in December 1993
by the first discovery of Well.Yaha-3. The
main payzones are the bottom sandstone of
Neogene. the bottom sandstone of Eogene
and the sundstone of Cretaccous, with average
porosity from 9% to 18% and permeability
from 22 X107 um’ to 340x107 n m’. The
buried depth of the field is from 4900m to
5400m, and the eastern part of the field is
370n higher than the western part. The {icld
belongs 10 normal density oil field in the
western part of the structural belt, cendensate
gas field with nil ring in the central pari and
condensate gas field in the eastern part, The

maximunt  thickoess of the 2 oft and
gas-bearing zones is 30m and 80m, respec-
lively, with daily oil production from 100 m*
to 300m’ of oil and gas production from 10
X! 0°'m' to 30x10"m” in most wells by testing
of single zone. The proved ol and
gas-bearing area is GO.kaQ, with the proven
geological reserves being 4442.9x10" tons of
ol including 2826.9x10" tons of condensate
oil and 40537x10%m’ of gas inclucing
47.59%10°m" of solution gas.

3.4 Yingmai-7 gas field

Yingmai 7 gas field is located at Ying-
mai 7structyral belt about 30km long in the
western part of Luntai faulted upfold in Tabel
Rise, composed of oil and gas-bearing anii-
clines under the <control of normal
south-dipping fault including Yingmai-7—-19.
Yingmai-17, Yingmai-23 and Yingmai-21.
The gas field was found in 1992 by the first
discovery of Well Yingmai-9, The main pav-
zones are the bottom sandstone of Eogene and
the sandstone of Cretaceous, which is mainly
composed of feldspathi detritys quartzose
sandstone, with average porosity from 16% to
19% and permeability from 160 X107 1 m” to
338x10° 1 m’. The buried depth of the fieid i
from 4400m to 4600m, and the oil water von-
tact in the western part of the field is 230m
higher than the one in the eastern part. The
field belongs to condensate gas field with oil
ring, with daily production from 37 ' to
10sm' of cil and from 18 x10°m’ 1o
26x10'm’ of gas by testing of single zone.
The proved oil and gas-bearing area 1
48.3knr, with the proven geological rescrves
being 1950x 10" tons of oil including 463x 10
tons of condensate oil and 310x10°m” of gay

including 14x10*m’ of solution gas.



Svmpasiwm on Perralenm Geology of Tanm 1usin in China and Stberman Pletform in Russia

4 Conclusion and gas explo-
sive prospect

A great progress has been madce in the

gas exploration by Tarim Oilfield Corporation.

15 giant—medium sized oil and gas fields are
proved. A total proven and probable geologi-
cal reserves is 9.03x10° tons of oil equIva-
lence including proven gas geological re-
serves 5050x10*m’. Gas geological reserve of
3 grade reaches 11010x10°m’. So this is the
basc switching on the project of "western
natural gas delivercd eastward”. Kela-2 gas
field 1s the largest sized gas ficld proved in
China, with gas-bearing area 47.1 km- and
proven gas geological reserves 2506.1x10°m’".

Tanm Basin is a large superposed com-
posite basin made by Palaeozoic cratonic ba-
sin and Meso—Cenozoic foreland basin, with
the two types of gas resources of cracking gas
from marine sirata and pyrolysis gas from
measure strata. The tectonic position of the
Tarim Basin beiongs both to basin group at
the rorth margin of Tethys and to a part of
gas-rich province of Middle Asian. The basin
has goed condition forming giant—medium
sized gas ficids. devcloped with 4 sets of
source rocks including main gas source rocks
of Cambro—Lower Ordovician and Tras-
sic—Jurassic, and 5 good reservoir-seal as-
seinblages for gas accumulation. The 4 sets of

source rocks grouped as several petreleum
systems such as Kuga, Mangl, Awati, South-
weslem Tarim. Tanggu, Scoutheastern Tarim
and Ymgjisu and 3 cil-gas regions can be
classified obviously. They are Kuga—Tabei
gas region, Mangal oil-gas region and
Bachu—Southwest Tarim gas region.

Now, the extensive gas cxploration has
been being done in Tarim Basin. According to
the plan of CNPC, China. a total 1X10"m’ of
the proven and probable gas geological re-
serves will be acihteved in Kuga—Tabei
gas-rich region before 2005, which is the base
of delivering eastward 120x10%m° of £as.
This will promote cconomic development and
ensiromment prolection in western and eastern
China,

The focal expioration area is in Kuqu pe-
troleum system by Tarim OQilfield Corporation,
which has good condition of petroleum geol-
ogy and great potential forming large gas-rich
region. Al present. scismic reconnaissance is
being done and lots of explosive wells are
bemg drilled. Scveral new discovered gas
pools such as Dabei-1 ctc are being evaluated,
At the same time, seismic reeonnaissance and
comprehensive research are being done in
Southwest Depression, there will be a verv
importan| strategic prepared area for gas ex-
ploration. It is expected that the gas explora-
ton in Tarim Basin will get into a new great
developing period.
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Abstract: Clastic reservolrs are well developed i the Tarim Basin and are dismbuted predominantly
in the basal Donghetang sandstone of the Carboniferous, the Triassic, the Jurassic basal sandstone, Creta-
ceous and the Paleogene basal sandstone. The reservoir spaces of the clastic rocks are dominated by pores.
with minor fractures. The pores fall into two rypes. predominantly ariginal pores in the Mesozoic and the
averlying sediments. and secondary pores in the Paleozoic sediments. The secondary pores arc predomi-
nantly of intergranular and intragranular pores. and the dingenesis divessities in type, with supergene
leaching, dissoluuion by acid derived from lowly mamred organic matters and dissolution and precipita-
tion by acid from deen-scatcd thermo-chemical sulfate reduction being the most important facters inilu-
encing the reservoir properties. in the article, the authors make an approach (o the genesis of the decp
buried high-quality clastic reservoirs i the Tarim basin. The article proposes that the special geological
conditions in the Tarim basin, including low geothermal gradient, rapid subsidence and short-term deep
burial after Neogene, dissalution of the rock grains and matrixes by acid formanonal water and uncon-
formities and fault systems formed during multiple tectonic evenis greatly improved the quality of the
reservoirs and that the thvorable sedimentary facies created good matenal bases for the development of
the high-quality clasitic rescrvoirs,

Key words: Clastic Reservoir, Intzrgranular Pores. Geothermal Gradient, Unconformity. Sedimentary

Facies,

hydrocarbon reservoirs are over 3501} m in

Introduction

The Tanm basin covers an area of 560,000
km®, with the sediments ranging from
Pre-Cambrian Sinian through Quaternary in
age. So far, hvdrocarbons have been disco v-
ered in 9 of the 13 formational sequences

from Sinian through Quaternary. Most of the

burial depth, being of deep rcservoirs. Since
most of the reservoirs remain good propertics
even at large depth, the diagenetic series. pore
type and evolution, and the forming and
preservation conditions of the high-qual:ty
reservoirs as well as the factors influencing
reservoir quality drew quite a great deal of
interests and atrentions of the geologists.
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1 Characteristics of the Clastic
Reservoirs in the Tarim Basin

The oil and gas pools found so far in clastic
reservoirs make up approximately 82% of the
total number of oil and gas pools in Tarim
basin. with the proven reserves accounting for
99.7%. The clastic reservours are distributed
predominantly in the Carboniferous, Triassic,
Jurassie, Cretaccous. Palcogene and Neogene,
among which the former three ones are
currently the major reservoirs,

1.1 Petrologic Features of the Clasitic
Reservoirs

The Carboniferous 18 one of the major
reservoirs of the Tarim basin, which can be
subdivided vertically into iwo sets of clastic
reservoirs. The basal one is of littoral facies
sandstone and 15 composed predominantly of
gray fine sands, silty fine sands and minor
medium—grained sands, with a quartz content
of 69%-94%, with the thickness ranging
50-200 m, distributed predominantly around
paleohighs and generally called Donghetang
sandstene. The upper one is of deltaic sand-
stone consisting predominantly of feldspar
quarizite, lithic quartzite and part of sub-feld-

sub-feldspathic lithic sandstone and sub-lithic
arkosc. The lithic fragments consist predomi-
nantly of lowly metamorphic rocks and
mudstane.

Reservoir is well developed in the Creia-
ceous of the basin, in which sandstone and
siltstone account for 65%-758% of the total
scdiments, predominantly being of siltsone
and litnic sandstone. The Tertiary sandstone
consists predominantly of lime siltstone and
medium—fine grained lithic sandstone, high in
quartz contend {37%—65%),

Both the texure and composition maturi-
tics of the clastic reservoirs are higher im
maring sandstone than m nonmarine sand-
stone, with the order from hgh to low being
Carboraterous, Jurassic (Middle). Triassic,

Cretaccous and Tertiary,

1.2 Reservoir Spaces of the Clastic
Rocks

The reservoir spaces of the clastic rocks are
predominantly of pores with minor fractures.
According to the pore classification, the pores
can be subdivided into original pores and
sceondary pores.

1.2.1 Original pores
Reservoirs of the Cretaceous and Tertiary

luc, PN g | e - 1.
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The Silurian sandstone also kept a certain
original pore percent.
1.2.2 Secondary pores

Secondary pores were formed by dissolu-
tion and replacement of the rock grains,
matrixes and cements or formed after re-
working of the original pores. They are often
seen with remained clastic grains, matrixes or
cements within them. The edge of the re-
mained clastic grains within the secendary
pores was often dissolved into  iregular,
estuary-like and even floating shape. Dis-
tribution of the pores 15 uneven. Such secon-
dary pores play a very significant role in the
reservoirs of the Silurian and Carboniferous
and also play a certain role in the Triassic and
Jurassic. The major characteristics and classi-
ficat.on of the secondary pores are described
as follows:

fntergranular solwtion pores: They are the
pores among grains, which were formed after
the matrix, carbonate cements or grain edges
and angies were dissolved or replaced. Such
secondary pores are quite unuitiform in
distribution, size and shape,

Itragranuiar sofution pores: Such a kind
of solutien pores was formed partly or com-
pletely due 10 the dissolution or replacenment
of some nternal compositions of the original
clastic grains. The dissolution often occurs
within the relatively unstable grains, such as
feldspar grains and lithic fragments, or occurs
along wezk texture lineaments, such as joinis
and microfractures. The intragranular solution
pores are commonly distributed celularly or
irregularly and arc often connected with the
intergranular solution pores,

Moldic super—large pores: When some of
the clastic grains were completely dissolved
or replaczd, there will form moldic pores at
the original grain locations. Such pores will

keep the shape of their original grains. If the
pore space is larger than the originai grains,
making the grains take a floating shape, the
pores can be classitied as super—large moldic
pores.

Solution fissures: Strictly speaking, such
spaces can nol be classified as secondary
pores. However, since they were formed by
dissclution along some weak lineaments, such
as structural fractures and joirts, we still
classificd them as secondary pores. The
solution fissures are often 0.05-1.0 min in
width. They can act as conduits [or [luids and
can also provide (Muids for the development of

other pores.
1.3 Diagenesis and Pore Evelution

1.3.7 Dissolution in the diagenesis

The diagenesis in the Tarim basin includes
compaction, cementation, replacement,
dissolution and recrystallization etc. In the
article, the author will focus on discussing the
dissolution, of 3 types, which are the major
factor controlling the development of the
secondary pores.

(1) Supcrgene leaching, Muliiple tectonic
maovements in the Tarim basin made the
sediments, especially the unconformity and iis
underlying scdiments, uplifted and emerzed,
suffering leaching and weathering by mete-
oric water. Degvpsification, dedolomitization
and dissolution occurring during the process
improved the reservoir quality of the sedi-
ments. For example, the reservoirs along the
uncenformities of top Silurian/Carbonife-aus
and top Carboniferous/Jurassic obviously
improved in porosity. This is just a result of
the leaching of meteoric water.,

(2) Dissolution by organic acid from lowly
matured organic matters.

The kerogen of the hydrocarbon source
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rocks produced large amount of organic acid
through pyrolysis and oxidetive pyrolysis
during lowly mature stage. which dissolved
into formational water. The salinity of the
formational water in the Tarim basin is high,
21.64 X 107-23.08 X 10’'mgl in the Tarim
North area (Tabei), and 18.04> 10% mgT (the
highest) in the Central Tarim arca (Tazhong).
The €I concentration of the formational
water also 1> very high, about 2-7.5 times
higher than that of the other Chinese basins.
The pH value of the formational water -anges
3-7. occasionally 3—4. reflecting the ‘orma-
tional water :s sour. For examyple. the Carbon-
iferous formational water in the Donghetang
area has a pH value ranging 5-6.3, in which
the water from authigenic kaolinite ranges
5=7. The sour water dissolved aluminoesilicate,
resuiting in authigenic kaolinmite. The acid is
predomunantly of organic acid or carbonic
acid dertved from lowly matured kerogen.
Therefore, the kaolintte content in the Car-
boniferous sandsiore is  high, up 1o
6G%—90%.
2ZKAISIDg + 2CH;COOH-9H,0-—~
ALSLO(OHN2K +45i0,-3H-0
—2CH,CO0
2KAJS0g + 2H-CO-+9H-0—

ALS1RO(OHY 2K +458510,-8H-0+2HC Oy

Study of the organic acid reflects that the

organic acid concentration is  controlled
predominantly by temperature, age of the
lormation and unconforimity. The organic acid
consists of formate, ethanoic acid, benzoic
acic, lactic acid. propionic acid and butyrate,
dominated by ethanoic acid. The relzasing
peak of organic acid is within a geotempera-
ture range of 85-1335°C, and the concentration
of organic acid rcached the highest al the
uneonformity and within a 50m range bhelow

the unconlormity. For example, in the Lunnan

area, the organic acid concentration reached
up to 852 X 10 and 1700 X 10™ at the
unconformities of Carboniferous Ordovician
and Carboniferous Silurian and within the
range of 30m below the unconformities,
respeciively. The younger the unconformities,
the lower the organic acid concentration, e.g.
the organic acid concentration being 873 X
10 at the Jurassic:Carboniferous unconform-
ity whereas being 104 X 10 at the Creta-
ceous:Jurassic unconformity. This presents a
positive correlation to the secondary pore
development.

(3) Dissolution and precipitation catsed by
acid from deep-scated thermal chemical
sulfate reduction.

The suliate rveduction vccurred predomi-
nantly within a depth range of 5400-6000m
¢with the temperature reaching 130-133 °C)
in the Donghetang arca. The gypsum in
sediments provided enough SO, for the
formational water, as is evidenced by the
pseudomorphic gypsum crystals and dissolu-
tion phenomena seen in cores. Additionally. it
might be seen that clastic grains and carbon-
ate were replaced inte clottedy cemented
pyrite or grained pyrite so long as thete were
fiydrocarbon in reservoirs.

SO+ 2C-2H0—~+2HCO - H-S
Fe' ™+ H.S—Fes$-2H
1.3.2 Pore evolution

The pore evolution of the clastic rocks in
the Tarim basin was influenced by many
tactors. such as scdimentary environment.
tectonic events, burial history, tectonic stress
field,
evolution of organic matters. Theretore, it

geotemperature  field and  thenmal
differs largely in or at different places, differ-
cut horizons and different depths. Generally,
the section above 3600m is onginal pore
developed zone, from 3600m to 4300m is
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oripinal and sccondary pore mixed sone and
from 4300 to 6000m :s secondary pore zonc.
Now, let’s take the Carboniferous of Dong-
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hetang area as an example to discuss briefly
the pore evolution history (Fig.1).
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Fig. 1 Pore evolution of the Carboniferods in Denghetang area, the Tarim basin.

The pere evolution of the Carboniferous
clastic rocks in Donghetang area has ander-
gone three stages.

(1) Stuge with original pores gradually
decreasiny,

The Carboniferous sediments remainad
within a depth range of 0 to 1900m till the
end of the Jurassic, while the pores underwent
only a slight mechanical compaction, cemen-
tation and mfilling by micntic carbonate,
perenlation flow infilling and part dissolution,
with only clay films formed over the grains,
During this stage, the porcs are predominantly
of original pores, with the porosity gradually
decreased from 30% down to 20%. with part

of sccondary paores formed.

{2} The first development stage of second
pore,

At the end of the Jurassic through the Early
Tertiary. with the depth ranging from 19¢{0m
to 2600m, the original pores decreased since
But,
however, the original pores still dominated,
During this stage, the geotemperature reached
80°C with the depth increase. and the hydro-
carbor sgurce rocks of the Middle and Lower
Ordovician entered initial maturation, releas-
ing a cerlain amount of carbonic acid and
organic acid, As a result, while the feldspar
and quartz occurred initial overgrowth, part of

increased.

nigchanical  compaction
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the silicate minerals were dissolved by acid.
forming some sccondary pores and leeding to
co-existing of original pores and secondary
pores. Now, the porosity of the rocks reduced
to about 8% In average. but still with the
original pores dominated.

(3) The second development stage of
secondary pore.

From FEarly Tertiary to the present, the
burtal depth of the sediments greatly in-
creased from 2600m to 5000-6000m due to
rapid subsidence, while the temperature
increased from &0 "C up to 135 °C. On one
hand, the greatlv enhanced mechanical com-
paction led to the rapid decrease of criginal
poies. and en the other hand, organic acid and
carbonic acid were produced since the Middle
and LUpper Ordovician source rock continued
to expulse hydrocarban and the Carboniferous
source rock began maturation. Although some
ferruginous sulfate minerals, pyrite and
kaohnrie began participation during this stage,
the acid caused part of the aluminoscorodite
grains and calcite cements occur disso.ution,
leading to formation of secondary pores.
During this stage, the sccondary pores domi-
nated, with the total porosity being around
15%.

2 Discussion on the Deep-buried
High-quality Clastic Reserveirs

Although all the current hydrocarbon res-
ervoirs in the Tarim basin arc at burial depth
over 3500m, occasionally reaching approxi-
mately 6000m (the Carboniferous Dong-
hetang sandstone in the Donghetang area), the
quality of the reservoirs remained very good
and can be classified as high-quality rescr-
voirs, For example, the Carboniferous Dong-
lictang sandstone at 6000m depth has an

average porosity of 15%. the highest reaching
24%, and an asvcrage permeability of 64.04 X
10" um®. the highest being 1911 X107 um®
(according to 178 samples). [t is a rarc thing
in the world petrolenm geelogy history that so
good reservoirs can be kept at such a large
burial depth,

Discussion on the issue will be of impor-
tan! theoretic and practical value.

(1) The Jow geothermal gradient enzbles
preservation of original pores and meanwhile
causes the deep-buried reservoirs still at peak
secondary pore des eloping stage,

It is widely accepted that the Tarin hasin is
a low geothermal gradient basin, with the
average geotempcrature gradient ranging 1.8
—2.0 "C:100m. being 0.5 --1.0 “C/100m
lower than the other basins of China. Due to
the low thermal gradient and the high
anti-compaciion capacity of the quartzite
sandstone, the quartz grains underwent a very
weak pressure selution and still kept heing
point contacted cach other even at so deep a
burial depth over 5700m. This cnables pres-
ervation of original peres in the reservoirs. On
the other hand, duc to the low thermal gradi-
ent. the organic matters remained at the
maturation stage although the burial depth
had rcached over 5000m. A large volume of
organic acid and carbon diexide gencraed
from the organic matters can dissolve part ol
the early-formed cements, matrixes or even
mineral grains, forming some secondary pores
and kecping the rocks a high porosity,

(2} Long-tme shallow burial and rapid
short-time deep burial enable presersation of
eriginal pores.

Since the Cambrian, the uplift areas of the
Tarim basin had undergone several times of
tectonic nising, znd the rapid deep burial did
not occur until the Neogene, about 23,3 Ma.
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Far example, the Carboniferous sediments of
the Lunnan area kept a burial depth of
1400—~180Um during the 257 Ma front deposi-
tion te the end of the Paleogene. They were
deeply buried over 5000 m after the 3300 to
3600 m thick sediments of the Neogene was
deposited during the 23.3 Ma from Neogene
to the present. Because the deep burial tiine 1s
short and the geothermal gradient is low, the
original pores can be kept wrthin the high
maturity rocks.

(3} Dissolution of part of the cements or
mineral grains by sour formational water
increascs the porosity: In the terrigenous
clastic sediments, the carbonate rocks or
carbonate grains moving in from outside met
dissolution after the water media changed,
and when the formational water reached
carbonate saturation, the carbonate began
precipitation, forming syngenete migritic
carbonate cements. With the increase of the
burial depth, and when the formational tem-
perature reached 85-135°C, corresponding o
earlv diagencsis stage B—late diagenesis
stage A. a great amoun{ of organic acid
generated made the aluminoscoroditic feld-
spar strongiy dissolved, with the Ca™ and
Al' moving away in complex solution. This
led to the porosity increase by 12.6% and
12.5% with the development of secondary
pores. Ou the other hand, the authigenic
kaol:nite dispersed among the rock grains,
with tess influencc on the porosity and per-
meability. and formed a clay film over the
quartz grains, prohibiting the quartz grains
from overgrowth. This is good to praserve
TESCTVOLT POTES.

{4) Modification of the diagenetic system
by unconforrmity and struectural faults im-
proves the reservoir property.

The Tarim basin has undergone several

tectonic movements. leading to 7 large un-
conformities and several fault systems of
different ages. The unconformities and fault
systems acted as ofl and gas migration path-
ways, and meanwhile, the unconformities
underwent long time weathering and leac hing.
Therefore, the organic acid concentration
reaches the highest along the unconformities
and faults. For example, in the Donghe-2 well,
the organic acid concentration reaches 8§73 X
10 at the unconformity between Jurassic and
Carboniferous. Meanwhile, along the uncon-
formities, kaolinite obviously increased due to
dissolution of the feldspar. and leaching
caused carbonate dissolved and moved. And
as a result, the reservoirs along the unconfor-
mitics and the neighboring intervals were
obviously improved. Generally. the uncon-
formities are 2%—5% higher in porosity than
the original rocks or the original
non-fractured rocks.

(5) Favorable sedimentary facies provided
a basis for the deep buried high-quality
rescrvoirs to develop.

The study shows that the sedimentary
facies s a basis controlling the high-guality
roservoirs development, In the manne sedi-
ments, the beach subfacies and subtidal
high-cnergy  microfacies. and in the non-
marine sediments, the delta front facics, the
fan delta front sub-water braided facies and
the shallow beach facies of the lacustrine
sediments are all of high energy during
sedimentation and are long lasting. and as a
result, the sediments in these facies are high
in both composition maturity and tex:ure
maturity, with low matrix content, The quartz
graing within the sediments have a high
anti-compaction capacity and are difficul: w
dissolve, and thus favorable for original pares
to preserve. The pure sandstone has very less
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authigenic minerals formed during diagenesis
process because there are very less ciaystone
intervening within it. T'he low content authi-
geneic minerals dispersed m the sediments,
favoring pores to preserve and with less
influence on the permeability.

3 Conclusions

Clastic reservoirs are well developed in the
larim basin and are distributed predominantly
in the basal Carboniferous Donghe sandstone,
thc Triassic. the basal Jurassic, the Cretaceous
and the basal Palcogenc.

The reservoir spaces of the clastic reser-
volrs arc predominantly of pores, with minor
fractures. The peres fall into two types. the
Mesozoic and the overlying strata dominared
by original pores and the Paleosoic by sccon-

darv pores. The secondary pores are pre-
dominantly of intergranular and intragranular
pores,

Tte diagenesis includes supergene leaching,
dissolution by organic acid from lowly ma-
tured organic matters and cissolution or
precipitation caused by acid from decp seated
thermal chemical sulfate reduction.

The deep burted high-guality clastic rcser-
voirs were formed under the special geologi-
cal conditions of the Tarim basin, which
include low thermal gradient, rapid subsi-
denee and shart time deep burial, dissolution
by sour formational water. improvement of
the reservoirs along unconlormities and faylt
svstems  formed during  several tectonic
movements and the material basis provided

by favorable sedimentary facies.
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The Geochemical Characteristics and Generation
of Natural Gas in Tarim Basin

Song Yan, Xia Xinyu, Qin Shengfei and Li Xiangi

(Reseqrch Institute of Petrolewm Exploration and Development, Belfing. Ching, 100053)

Song Yan iz the head of Nalural Gas Laboratory of Research Institute
of Petroleum Exploration and Cevelopment and a professor. She keeps
working in the fifed of natural gas geolfogy and geochemistry since 1982,
the major study fields include natural gas geochemustry, formation mode!

of large—medium—sized gas field, accumulation and occurrence of

natwral gas m China, farget evaluation of natural gas exploration, and

formation and occurrence of abiogenic natural gas (CQs and CH,).

Abstract: Natural gas in the Tarim Basin is distributed in the Kuga Depression. North Depression and
Southwest Depression. Methane contents in most samples cover B0-90%; while the high-matured
humic-type gas from the Kela-2 well in the Kuga Depression is dry gas, Nitrogen concentration varies {Tom
0t 40%.; high nitrogen contents exist in the Tazhong Arca. Carbon diexide contents in most samples are
iess than 2%. The 8''C valuc of methane varics from 45% to 25%: while that of cthane varies from —43
% 10 —18%.. The overlapped scope of 8C, values of humic gas and saprolific gas is narrow compared
with that of 3''C|. Some samples do not accord with 313, <3C,<8Cy<8" 0, which might be caused by
the following reasons, the mixture of natural gas from different OM., the rmxture of naural gas generated n
different maturation penod of source rock; and-'or fracuonation during dissipation. §'%C values of CO- vary
between ~7.8%n and - 22.6%.; CO; in most samples aze of organic origin. while that in some samples arc
parily from carbonates. Cy hyvdrocarbons in humic gas are rich of benzenc: Cs hyvdrocarbons are relatively

rick in methylclclohexane and methylelelohexane compared with sapropelic gas.

Key words: natural gas, carbon isotope composition, humic gas. sapropelic gas, Tarim Basin

Introduction (Tabie 1). As a superimposition basin. Tarim

Basin expenenced several times of tectonic

Tarim Basin has now become a main .
movements and depositional cycles, source

gas-rich basin in China with a large ock seaments develoned in different strpia,
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1 Contents of Natural Gas

Natural gas is composed of hydrocarbon
gas and non-hydrocarbon gas, and the iatter
includes CO3, N-, H;S and rare gases, Natural
gas in Tarim Basin is dominated by
hydrocarbon gas. with a small part of CO-
and N

1.1 Composition of Hydrocarbon Gas

Methane 1s the major content in
hvdrocarbon i naturai gas from Tarim Basin,
it covers 70-93% of the whele contents in
different samples (Zhou et al., 199%) with a
main distribution percentage of 80-50%,

Methane covers gencrally 80-93% of total

hydrocarbon gas thus the natural gases in
Tarimt Basin are mainly of wet gas. The
maturation and type of organic matter in the
source rock determine whether natural gas 1s
dry or wet. Cracking gas from oil during
overmature is drier than that from kerogen
during mature period; while gas from humic
OM is dricr than that ‘rom saprolific OM.
Natural gas with high drv-coefficient (the
ratio of methane m total hydrocarbon gascs)
includes the highly-mature humic-tvpe zas
from the Kela-2 well in the Kuga Depression
{its dry-coeflicient is about 0.988 <0 1.00) znd
highly-mature saprolific gas in the southern
part of the North Uplift.

Table 1 Geochemical characteristies of natural gas from main gas fields in Tarim Basin

Striectural (ras Cantent(%a) S0 Gienetic
Gas Field Producing Bed
L.ns CHy -1, 7 :H, o N: CHy | CiH, | Caby Tvpe
Kuga
Kela-2 K 98 05 L(=T)) 040 [ERA .60 273 -84
Depresston
Yingmg-7 E B6.63 8.01 r.if 3R -0 2239 Humic
Yaha E 76,55 14.9] 188 -3249 | -47 ) 212
Mharthern
) Yangiaky: E TT.RY .08 3 0& 7.86 S38.7 | 20| 243
}epresaion
Jikake | LA N 6.52 1.73 0.04 17 3 | -3e ] -0
Yahela 1 8151 =l 200 2,88 385 G370 309 | Saprolific
Seuthwest Hutianhe 8322 205 il ik} 1.53 12,11 | -41.8 | -346 ] 358
Lepression Keheya N R2.41 875 Y 011 53 ) R0 200 | 2254 | Humic

1.2 Composition of Non-hydrocarbon
Gas

1.2.1 Nitrogen

Nitrogen concentration in natural gas in
Tarim Basin varies largely from 0 to 40%.
Natural gas with high nitrogen contem is
mainly distributed in the Tazhong Area, and
some 1$ alse found in the southern part of the
North Uplift. Nitrogen content in natural gas

from the Kuqga, and the Southwest Depression
15 generally below 4%.

1.2.2 Curbon dioxide

Carbon dioxide contents in 90% of natural
gas samples from Tarim Basin is lower than
6%, most of them is less than 2%. However. a
small part of samples from the southern part
of the North Uplift have CQ; content of as
high as over 20%,
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2 Carbon Isotope Composition
and Genetic Type of Natural
Gas

2.1 Carbon Isotope Composition of
Alkanes

Carbon isotope composition of alkanes is
an important parameter to distinguish the
genelic (ype of natural gas, which depends on
the maturation and type of organic maller in
the source rock, Maturation degree influences
carbon isotopic composition of methane 0 a
large degree. 3"C of Methane formed during
biochemical period can be lighter than —60%..

over-mature  period.

During mature  to
methane from humic OM s much richer in
C than that from saprolific OM: 8"°C of the
former is generally —52%.— —24%,. while 8'°C
of the latter is generally ~58%.— —30%.. So a
sample of natural gas from saprolific OM of
higher evolution degree can have §1C value
as heavy as that from humic OM of lower

evolution degree. Compared with 8'°C of

methane. 8''C  of other alkanes is less
influcnced by maruration and migration and
can provide more accurate information of
source rock. Study on natural gas samples
from large and medium gas fields in China
showed that §"°C of ethane from humic OM is
generally heavier than —27%0 while that from
saprolific OM is generally lighter than —25%.:
while natural gas with 8"'C of ethane between
—25% and =27 can be either from humic
OM or from saprolitfic OM. or tae nuxture of
these two types of gas (Song, 199%). Since
methane 1s the dominate component 1 natural
gas, ity more cfficient to correlate gas and
source rock combining 8''C wvaiues of both
methane and ethane, 8°C of alkanes in
natural gas from Tarim Basin varies largely.
3°C of methane varies from —45%, to —23'%
while that of ethane varies from —43%. 1o

1850, In the 8''C=8"°C ; relation chart there
are four regions representing four different

tvpes of natural gas (Fig. 1)
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Fig. 1 Genetic types of natural gas from Tarim Basin.
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(1} In region [ is plotted the samples of
over-mature gas from humic OM, with 8¢,
of —27.8%0 - —25.1%s and 8"°Ca of —19.4%, -
—| 8 8"%n, the heaviest values appeared m the
whole basm. These samples are from the
Kela-2 Gas Field in the Kuga Depression, the
source rock is the Jurassic coal measure and
the producing bed is Cretaceous sandstone.

(2) Plots in region [ represents maturc gas
from humic OM, with 8C, of -39%,
—29%: and 3''C: of heavier than —27%..
These samples are mainiy from the gas fields
in the Kuga Depression, the notth slope of the
Norta Uplhift. and the Southwest Depression.
Therr source rtock s also Jurassic coal
and the producing beds are
Cretaceous and Eocene sandstone.

(33 Samples of cracking gas from saprolific
oil is plotted in region I1] of Fig. 1, with "'C,
of —36%a ~ ~33%: and §'"C, of lighter than
~27%y. These samples are from the Santamu
and lilake area in the south part of the North
Uphtt, and their source rock i1s the Lower

mecasure

Paleozoic marine mudstone or marl,

{4) Samples plotted in region IV are gas
from saproiific kerogen, and their &' 'C,
valoes are less than -36%. and &' °C> values
are luss than =27 %¢. Natural gas trom
Palevzoic in the Yakela, Donghetang and
South Yingmaili areas belongs (o this tvpe.

Considering the minimutn & 'C valies of
natural gas of each type, it can be scen that
the difference between the §7C; values of
mature humic gas and mature saprolific gas 1s
about 7%, while the difference between the
8"C, s about 16%.; the difference betwcen
the 5C, values of over-matyre humic Zas
and over-mature saprolific gas is abour 8%,
while the differcnee between the 8Y°C. s
about 197, Thus we can conclude that the
overlapped scope of 3"Cy values of humic

gas aund saprolific gas is more narrow than
that of §°C,.

The distributive pattern of carbon isotopic
compos:tion of methane. ethane. propanc and
butane can help w determine the mixture of
humic gas and saprolific gas. The above
mentiongd pattern for a biogenic naturai gas
from a single source rock should be a hne
showing a moere heavy 8'°C with the increase
of carbon number in an alkane molecule, 1. €.,
8YC<8"C8" ' Cred "y some
sampies from Tarim Basin do not accord with
this regularity. This might be caused by the

howen er.

foliowang reasons.

(1) The mixwre of natural gas from
ditferent OM. For example. Some humic gas
samples trom the Kuga Depression and the
North Uplift have lighter 3C values of
propane or butane. This phenomenon can be
explained by the mixture of Jurassic humic
gas with gas from Jurassic and Triassie
mudsione  with  sapraiific  OM. which
yenerated more propane and butane with
lighter 5"C values.

{2) The mixture of nawral gas generated in
different maturation period of source rock.
This mechanmism can help to explain the
reverse order between the 8''C, and 8''C- of
natural gas from the Lunnan and Caohu areas,
The ertrapment of over-mature saprolific dry
gas derived from crackmg-oil with metliane
rich of ''C into a previously formed mature
gas resenvoir made the 8'°C, value henvier
than & '1‘(";.

(3) Fractionation during dissipation. There
appearcd a reverse order of &' 'Crvalues in the
gas sample {rom the segment of 2391 -239%4m
in Well Dawan-1 in the Kuga Depression, i. e..
6]1(.‘1?}5'"’C‘;‘)S”(‘;Z‘;(S”CJ, (their values are
—=17.9%s, —21.4%a, -262% and —27.5 “

respectively). Since there is no magmatic
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activities and hclium isotope also indicate a
crustal natural gas, the
possibility of abiogenic {or called inorganic)

origin of this gas can be ruled out. From the

origin of this

character of this reservoir, the reverse order of
alkane carbon isolope composition might be
caused by dissipation due to the insufficient
gas supplement. An alkane molccule with a
PC atom is heavier than that consists of only
"*C atoms (and hydrogen atoms) and migrate
more slowly; this fractionation effect is most
obvious for the hghtest alkane moleculc of
methane. So, 1 a reservolr with more
dissipation and less supplement, a reverse
order of 87C values of alkanes can be met.
Since the difference between 8°°C,, 8"C;
and 8"°Cy 1» lcss than that between §'°C, and
§YC.. the phenomena of ESHCg“-}S'jC; or
8°C=8YC, s
5]3":[;’5[:(:.:.

nore  common  than

2,2 Carbon Isotopic Composition of
Carbon Dioxide

From Table 2 it can be seen that 3°C
values of COs in natural gas from Tarim
Basin vary between —7.8% and —22.6%,.
8"°C values of CQ, from most parts in the
basin iy lower than —10'%; only those of some
Paleozoic natural gas from the North Uplift
are as heavy as —7.8%; 0 —9,9%..

There two types of carbon dioxide from their
generation, one 1s organic type, formed from
deposited organic matter; the other s
inorgaric type formed from carbonates or
derived from mental. OQur previous study on
over 200 natural gas samples from China
indicated that there 1s obvious difference
between 8" values of organic and inorganic
CO~. 8 C values of organic CO- in natural
gas vary between —8%o and —-39%q, generally

between —12% and —17%,: while §"C

values of incrganic €O, vary between - 7
and —10%. and mostly between =3%, and -8
%a. Usually a 8''C value heavier than —8%,
indicates inorganic origin of CO- and a 8'°C
value lighter than —10%. indicates organic
origin {Dai et al., 1995). From this standard,
C0; of most samples in Table 2 are of organic
origin: only 8"°C values of CO; in Paleozoic
gas samples from wells Yaha-7X-1 and
Donghe-11 may partly be of inorganic origin.
[norganic-origined CO- is formed either from
the chemical rezction of carbonates or from
volcanic-magmatic activities. CG- in these
two samples should be a rmixture of CO-» frem
organic origin and carbonates owing to the
following reasons:

(1) Neither obvious volcanic and magmatic
activitics nor large deep rift is observed in the
region of the above-mentioned two wells;
these two samples arg produced from
Paleozoic carbonate strata, so carbonate is a
more reasonable source of CO-.

(2) Helium
evidence to distinguish mental and crustal gas,
Heltum isotope composition is  usually
expressed as R/Ra, the ratio of He He of
sample to *He*He of air. Helium from the
crust 1s characterized by R/Ra much lower
than |. while helium from the mental is
characterized by Rs/Ra higher than 1. R/Ra
values in natural gas from Tarim Basin arc
commonly lower than 0,15, the mean value of
R/Ra wvualues in natural gas from the Kuga
Depression 1s 0.05, so CO: accompanying
with helivm should also derived from the

isotope is 4n important

CTust.

(3) 8"°C values of €CO; from reaction of
carbonates should be heavier than those from
magma. Shangguan (1990) pointed out that
8"°C value of CO, from metameorphism of
rocks is about +1%— ~3%. 8"C values of
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CO- In Palcozoic patural gas {rom wells
Donghe-23 and Yaha-7X-1 arc much lighter
than typicaIﬁ”C values of C(O- from

Table 2. Carbon Isotopic Composition of CO; in Natural Gas from Tarim Basin

metamorphisint - of  rocks.  indicating  the

mixture of organic and inorganic CO ..

Region Well Producing Hed Depth (i) &0 ) Genztic 1ype
Kely-3 I 35U0=3550 168
Kela-20)] K- 3703740 S22
Kugya Depression ¥inun-2 I. 172 —148] -154
¥imun-d i 4378—473% -7
[hahet-| 1 3619—3677 -12.0

— - Chrganic Lyps
Yangta-3 P SE6E=5620 -18.10
Yinemal - E 5204—530 -13y
Yingrmnai-2 K 443 —4044 -1
Newth Uplft [ Xenygzhe-2 8] ATS0—R0S0 Sl I
Thonghe-23 ! 3d05—544d4 151
Yahy-7X-1 Cam, = SRTT—SKOR 449

Mixed 1y pe
Lunighe-11 Carh, SIR0—=3T79} 7.8

Tarhong Uphit lazhonp-d Carh 35663070 =131 | Crpanic tpe

3 Light Hydrocarbons in
Natural Gas

3.1 C¢ Hydrocarbons

[t's very obvious in the gas samples from
Tarim Basin that C, hydrocarbons in humic
gas are rich of benzene (Zhou. 1998}

Bernzene covers 11.0% to 33.9% of the sum of

hexane, cyclohexane and benzene in Lumig
gas. while it covers lower than 5% of that in
saprolific gas.

3.2 C; Hvdroearbons

Composition of C- hydrocarbons is often
apphed to smdy the ongin of natural gas.
Ditferent G, different
PreCcursors: dertves
mainty from lignin of higher plants, 1t is
abundant in humic gas; dimethyleyclopantane
compounds come mainly from lipoid of

compounds  have
methyleyciohexane

aquatic  biomass, normal heptane comes
mainly from algae and bacteria, they indicates
saprolific origin. In Tarim Basin, nawral gas
from the structural belts of Yaha, Yingmai-7,
Tiergen and Yangtake in the Kuga Depression
and the North Uplift is relatively rich in
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methyiciclohexane, methylelclahexane covers
generally 0% 10 60% 1 the sum ol normal
heptane, dimethylcyclopantane ai
nmethvlclclohexane, which is characteristic for
hutmic gas. Mcanwhile. since the OM type in
source vocks differs :n the above area. the

composition of C; hydrocarbons also varies
largely: methyleyclohexane 1s a bit lower in
£as from terrestrial lacustrine OM than that in
zas frem coal measure, Normal heptane i1s
abundant in gas from the Tazhong Uplift and
North Uplift, indicating a saprolific ongin
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a - . applications of organic geochemistry in understanding petroleun

systems and exploration problems.

Abstract: Tarim Basin 1s the only arex where commercial oil pools formed by the marine Low Paleo-
zcic strata have been discovered in China continent. The application of age- and enyironment-related
biomarks such as triaromatic dingsteranes. 24-norcholestanes and Cigsteranes indicates thal almost com-
mercial oils come from the argllaccous limestone and marl of the Middle—Upper Ordovician Systen.
These source rocks with a thickness of 80-300m and TOC content of 0.5%—5.54% are widely distnbuted
along the northem slope of the Tazhong (Central Tarim Basn) and the southern slope of the Tabe:
{Northern of the Tarim) lifts. In the Keping area and the Awali depression, shale of open bay or gulf fa-
cies was deposited. whose TOC ranges from 0.5% 10 2.78% and the thickness is about 110m1. This set o
source rocks has reached major liquid hydrocarbon generating stage since 200Ma. The sedimenrary facies
and high organic productivity chuefly comirol the developments of the source rocks.

Key words: Ordovician; slope facies: tnaromarc dinosteranes; 24-norcholestancs; Cxsterancs, histarn

ot hydrocarben-gencrating: Tazhong; Tarim basin,

Introduction have undergone several phase of tectanic
movements and multiple »eriods of hydrocar-

Tartm Basin, located in northwest China, is a hon generation, migration and accumulation
huge-scale composite basin containing many The resultant complexity of the basin makes

14 . 5 :
sets of hydrocarbon source rocks'' ', where the petroleum geology difficult”™. It is contro-
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versial i the confirmation of the ol and gas
source rocks, especially 1in confirming the
marne source rocks that were deposited
within the platform-basin region. The previ-
ous research suggests that the major source
rock in Tarm Basin should compost Cam-
bro-Ordevician marine sediments ! How-
ever. it remained unclear for so many years
that if the Cambro—Ordovician systems with
Skm~7km thick are all source rocks and how
much the source rocks have contributed o the
commercial hydrocarbons.

Rased on the geological and geochemicai
investigation and data interpretations of the
rock samples taken from 200 wells in Tarim
Basin, two sets of efficient Cambrian and
Middle—Upper Ordovician hvdrocarbor sour-
ce rocks are found in the basin. Potential
Cambnan source rocks deposited in starved
basins and lagoonal facies has extensive dis-
tribution and a thickness of 120-415m. Av-
erage TOC salues within individual wells
generally range from 1.24% to 2.28% but
reach a maximum of 5.52%'", This source
rocks, however, are overmature {VRE>2.0%)
m the eastern Manjaer depression and highly
mature{ VRE valucs of 1.65% 10 1. 70%) in
the western part of thce basin basced upon

(VRE).
remaining

equivalence
whicn  suggest  that  the
oil-generative potential of these source rocks

vitrinite  reflectance

must be low at least since the Hercynign. bui
may be effective for gas generation, Mid-
dle-Upper Ordovician, however, 1s probably
the most practical hydrocarbon source rock of
the basin. In this study, the prebability of re-
garding Middic—Ordovician as the principle
o1l source stratum of the basin is demon-
strated 111 Jetail from facts such as the source
rock distributions, the oil-source rock correla-
tion and the hydrocarbon-generating history.

1 The development of the oil soarce rocks of
AMiddle-Upper Ordovician m Tarim Basin

The tectomc and sedimentary pa-
laeo-geographe framework of Tarim Basin in
Middle—Late Ordovician age is at the stage of
marine flysch construction of foredecp basm
evolutton under background of kinetic conti-
nent margin. [t has the divergence of the
stanved basin, platform and gulf. The hydro-
carbon source rocks were only developed in
the later two sedimentary lacies (Table 1 and
Fig.1}. High organic abundance and moderate
degree of maturity characterize the source
rocks. Moreover, the rocks bearing higher
organic matter moved from the margin of the
Craton platform  to  its center  during
Middl-late Ordovician age as the ascending
of the sea level and the movement ot the ac-
tive continent margin. Middle—Upper Ordovi-
cian source rocks can be divided into three
scetions vertically, including the Yijlanfang
formation (upper section of micdle Ordovi-
clan, O-y), the Tumxiuke formation {iop of
middle Ordovician and bottom of upper Or-
dovician, O-;3t), the Yingan (Osv) and the
Lianglitage (Osl) formation, m which the
source rocks of the Yingan and the Liangli-
tage formations are the most significant dis-
covery of Tariin basin.

The source rock of the Yingan formation.
the shzle bind of mudstone sediment in open
bay or gulf facies, occurs in the Keping area
and the Awati depression. Whose TOC is
0.5%—2.25% in a thickness of 97m, and VRE
values are 1.1% to 1.3 %. Polential source
rock of the Lianglitage formation (O;l) are
widely distributed aleng the northern slope
and the crest of the Tazhong (middle part of
the basin) uplift with a thickness of about
B0—100m (Fig.2). Thesc arc mainly muddy
micrite limestone., marls and lime mudstone
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deposited in shelf edge and slope sctungs.
The content of TOC ranges from 0.5% to
5.34% and asphalt “A” 100ppm to
1395ppm. VRE salues are between 0.81%
and 1.30% that are just at the peak of hydro-
carbon generating. Similar rocks exist in
some Lunan wells in North Tarim, as well as
in some wells near the Hotian River on the
Bachu uplift. Both of the organic abundance

from

and the thickness of the source rocks, how-
ever, are less than thosc of the Tazhong. The
reason for that is related 10 the fact that the
developing of carbonate s prohibited becausc
of the low terrain and the relative deep and
nepheloid water and the fact that the bamer
interaction of lacking margin of platform

{submaring).

Table 1 The organic characters in various sedimentary facies of Middle—Upper

Ordovician in Tarim Basin

Lishong N, Taber & Kep ny Tazheng lazhong Ladung 1 Qunhel
Hed well
shope slope ared 28 well J2well wll wyll
T 7 i
U 20—N45
UN5—-233% ‘ 02— 9 (.36—2 87 A2 —0.48: | 00133 | O U037 | Ode—-1had
T
.43 IR E] 1.56 023 .21 0.24 02l
{42
Asphah
H0—1395 | 4 T2
“AT ppm
Ihich- |
B0 — 300 a3 0—11Y
ness. m )
Fawies *] *] J *] J #2 *3 *3 *3 "1

*1— Platform-edge =lope facies: ¥2—gnlf facies, *3—Super compensated basin faries.

The source rocks of Lower Ordovician de-
veloped only within the eastern part of Man-
Jar depression. The distribution and thickness
of the source rocks arc very limited and ap-
pezr 10 be highly- and over-mawre based on
VRE data, so the suggested remaining gen-
crative potential of the source rocks must be
low and thus they will be not discussed here,

1 Oil and Source Rock Correla-
tion

The relationship between oit and source
rocks should be identified and verified de-
pending on the cotrelation between them. The
correlation 15 based on the conception that the

migrated oil ard residual asphatt of the source
rocks have no distinet differences in some
parameters. Detailed correlation can provide
information of the generating of the oil and
possible migrating channels. For the corzela-
tion, one of the crucial technolegies is the
biomarker compounds analysis and it is an
important way to prospect and identily the
source roeks.

Terpanes and sterancs are two common
kinds of compound of biomarkers. Terpanes
come chiefly from the cell wall lipids of bac-
teria i rokaryote) * Almost all eil contains
terpanes becaise bacteria exist widely in the
sediment. The ol generated from different
sources rocks deposited under the similar
conditions often has the analogous tepane
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fingerprints Ml so distinguishing the crude oil
types and corrclating the oil and source by the
relative concentration of terpanes is some-
times not so useful. Steranes come mainly
[rom eucarvote {mostly algae and higher
plaris). They ordinarily reflect the character-
istics of the marine organism of the plankton
or beuthic algae 181 Thus, we consider it more
efficient to usc steranes for the oil-source
corrclation of such a Paleozoip marine basin

as the Tarim than terpanes. Especially, some
age- and cnvironment-related steranoid con-
pounds, such s dinosterane, triaromatic di-
nosteroids {(derived from dinoflagellate %130,
24-norcholestane (Ca,, Ocean algae sucl as
diatoms "J'HJ) and C-zg—starcne (generated
from plankton), have shown favorable appli-
cation in distinguishing the source rocks and
generated hydrocarbons of the Cambtian and
QOrdovician in the basin,

0 40 20 km
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Gulf facies

Fig. 1 The distribution of Middle and Upper Ordovician source rocks in Tarim Basin.

The distributions of methylsteranes, tria-
romtiz dinosteroid hydrocarbons and norcho-
lestanes o* the marine oils and the rock ex-
tracts from the Canibrian and the Ordovician
of the basin are shown in Fig3, It is easily
found from this Fig. that the extracts of rocks
of the Cambrian are characteristic of the
higher  abundance  dinosterane, 4 o
—tethyi—24—zthy! cholestane (peak 1 and 2
in the Fig.3). triaromacic dinosteroid (pcak 7)
and 24—norcholestang (peak 14). But those of
the Middle-Upper Ordovician are
characteristic of higher abundance 2 ¢ —and 3

a —methyl—-24—ethyl cholestane (peak 3
and 4 in Fig. 3b), 3 4 —methyl-24—ethyl
tnaromatic sterane (peak 9), and 27- and
21-norcholestane (peak 15 and 16), while
dinosicrane and aromatic dinosterane
almaost can not be detected. The two scts
ol the source rocks have rcmarkable
dilferences in the molecular compo-
und composition. Censtrasting the
crude oils and these rock extracts, we
can easily find that the compound
distmbution (Fig.3 ¢) of the marinc ol
arc greatly stmilar to those of the rock
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Fig. 2 Geochemistrical section of the Liangligetage formation (Upper Ordovician)

of the nerthern slope of the Tazhong uplif in Tarim Basin,

extracts of the Middle—Upper Ordovician (as
shown in Fig3). It mcans that there is kin
relation between them.

Fig 4 is a crossplot of trigromatic dinoster-
dinosteroids — 3-methv!
and 24-norcholestancs/

oldsiiriaromatic
aromatic  steroids)
(24— - 27-norcholestanes) in the rock ex-
rracts and oils, two data clusters are shown in
the figure. The analyzed oils no matter wether
it 15 from the Lunnan or from Donghetang
onlfields located on Taber uplift and Taz-
hong-4 oilfield fall all in the region of the
Middle-Upper Ordovician extracts except
those oils from Tazhong-45, Tazhong-12 and
Caohu-2 wells, There 15 no evident relation
between the analyzed oils and the Cambrian
(Fig.41,

The distribution of Cay steranes gives a
kind of similar evidence. The variation of the
(a4 steranes as the age can be reflected by the
profile in Tacan-1 well. As shown in Fig.5.
Lower Cambrian rock extracts in the Tacan |
well have the bighest abundance of Coy stera-
nes. reaching 38% of the Cy5~C-q steranes.
the Lpper Cambrian up to 32%, Lower Ordo-
vician from 24%-32% and that of the Mid-

dle—Upper Ordovician is about 11% (Fig.5).
That is to say, the Cy steranc content 1s
gradually decreasing as the age from Cam-
brian to Ordovician. To the samples of all the
penetrated Cambrian in the basin, the distri-
bution of the Cy—Cog—Cay sterane shows an
“oblique ling" profile (Co»<<Cay<<Cx= or
an “anti-L” profile {Cyr << Cy = Cx —~
(Fig.6a). However, the overwhelming major-
ity of the Middle—Upper Ordovician source
rock samples reveals the asymmetrical ~“V"
profile distribution, which is Cor>C=ZCxs
and the Cay content ts the highest (Fig.6b).
The distributions of € 2—Cag—Cysterane of
the crude oils are similar to these of the rock
extracts. Oil samples with “oblique line” or an
“anti-L" profile distributions, howewver, are
exirermely few except those crude oils from
Tazhong-45 well, Tazhong-16 well and Taz-
hong-24 well drilled along the Tazhong Neo.1
fracture helt, Moreover, the sterane distribu-
ttons of asphalt i1 the reservoir are all shown
as an “oblique line”™ or an “anti-L” profile
(Fig.6c). It is 1llustrated that the source rocks
of Cambrian indeed have generazed hydro-
carbon in the geological history and presently
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contributed to the oil storage of some local the Tazhong 4 and [Lunnan and Donghelang.
regons, However, what 1s interesting is that appears 10 be the asymmertrical V™ sterane
the analyzed results of oil samples taken from distribution profile.

the commercial oil pools and fields. including

A Voddy dolomite, 5079 9w Muddle Cambrian, Hed well 14

B Black muddy kmesione, 2386 1m, Upper Ordovician. Tazhong 6 w ell
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Fig.3 The distribution methylsterane (m/z 231—=414, the left). triaromatic methylsteroid (m/z 245, the mid-
die) and norcholestane (m/z 217358, the right} within the crude oils and the extracts of Cambrian and

Ordovician rocks, the eaperiment method as in references[3]. 1 = 4a, 23, 2d—trimethyl cholestane (di-
nostrane); 2 = 4 o —methyl-24—cthyl cholestane: 3 = 3 ¢ —methyl-24—ethyl cholestane, 4 = I u
—methyl 2d4-ethy] cholestane; 7 - 4, 23, 24—rimethy | wriaromnatic cholesteroid (triaromatic dinosteranel: & =

4-metlryl--24-eths!  trigromatic  cholesteroid: 8 - 3-methyl-24—cthyl  triarometic  cholestermd: i
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2—methvl-24—cthy! triaromatic cholesteroid: 11 — d—methy | triaromane cholesterowd(€5-1: 12 = 3—methy] riaro-

matic cholesteroid(C,-1: 3 = 4,24-dimethyl riaromatic cholesicroid(Cay); 14 = 24—narcholestane(C ) 15 =

21-norchalestanc(Can}; 16 — 27 norcholestane(Cay),
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Fig.4 Plot of triaromatic dinostercids/{trigromatic dinostervids + 3—methyi aromatic steroids) and

2d—narcholestanes/ (24— + 27—norchalestanes) in the rock extracts and oils in Tarim Basin. The relative

lower contens of lnaromatic dinostrenes and 24—~cholestanes in ihe marine oils and Middle—Upper Ordovician

rock extracts from the basin, comparing with the Cambnion rock exiracts, suggest that these oils are very likely

generated from Middle—Upper Ordov cian but the Cambrian,

80

~—Cam(7123.6
—&-Cam3(6422 6)
== O ({5108)
60 | =M Ch(5082)

—— 0114920.9)

=l —e= 0 3029.7)
= — (40082}
[}
£ 40
L
v ]
=
E
&
o
20

{2 7slerane

7 sterane

C29sterane

Fig.5 The distribution pattern of
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with the geological age: the distri-
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for Lower QOrdovician samples—
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Fig. b The distribution pattern of sterane carbon number in the Cambrian and Middle—Upper Ordovician

source rock extracts in Tarim Basin. The distribution of Cambrian shows h'gher Cog sterane. the carbon number
distiioutior: as an "obligue line” or an “ant-L” profile {2}, The distmbutions of sterane in Middle—-tUpper Ordovi-

cian samples are asynunetric *V” profile (b). The distributions of sterane carbon number in most o1l samples are

as asymmetric V" profile (d). which can be correlated with Ordevician rock extracts. A few sample of o and

asphali 1n the reservoir taken from Tazhong 16 well (Ordovician). Tazhong 43 well {Ordovician) and Tazhong 24

well rCarbeniferous) are sirmlar in the steranc distnibutions to Cambnan exfracts. suggesiing thal Cambrian rocks

are very likely a supplier of these hydroearbons(e],

It obviously suggests that they have some
phviously relative property to thc source
rocks of the Middle—Upper Ordovician (illus-
trated in Fig. od).

It can be said that thc Middle—Upper Ordo-
vigian rocks arc really the significant source
rock iayers of the marine commercial crude
oil of Tarim Basin according to the results as

shown ahove,

2 The Maturity of the Oil and
Hydrocarbon-generating His-

tory of the Middle—-Upper Or-
dovician Source Rocks

The maturity of the crude oil ordivarily
represents the mature degree of the source
rock at which oil was generated in case of the
fact that the evolution of oil after its migrating
and accumulating mto and i the reservoir Is
not respected. With analysis of hydrocar-
bon-generating history of the source rocks.
the generating period of the crude o1l ¢can be
understood. Generally speaking, in the geo-
logical age, the later the crude ail is formed,
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the less opporturnity 1t will have of being de-
stroved and easier to be preserved. The data
of the matutity and the hydrocatbon generat-
ing history of the soarce rocks only in order
10 discuss further the probability and rational-
ity of regarding the source rock of the Mid-
die-Upper Ordovician as the hydrocarbon
source reck from other points of view,

The 1dentification of the degree of maturity
of the crude oil is 2 problem which is not
commendably resolved for many vears.
Among all of the biomarker parameters ap-
plicd to determining it. the isomenization ra-
tios of 208/205-20R)and P BAB B—xu a)
of (~g steranes are proverbially used ! How-
ever: isomers can be polluted and mixed each
other'? and affected by the lithofacies,
bio-degradation and degrce of matunty of
source rockst™. So, thesc parameters have
sonic limits wien they are applied w0 evaluat-
ing the degree of maturity of oil generated in
the Paleczoic basins. Here we use the C-
remperature parameter that is recently preva-
tentlv adopted by the western o1l companies
to evaluatng the degree of maturity of the
marine oil in Tarim Basin. The C- parameter
is based on the invariability of the value
KI1={2-MH+23-DMP)(3-MH+2, 4-DMP)

and the systemic variation of the ratio of
2,4-DMP:2,3-DMP U'®. By regarding the
ratio of 2, 4-DMP:2, 3-DMP
{2—methyl-pemane) as the function of tem-
perature, the C; parameter 1s not affected by
nme and the types of kemgenm'gm. We can
obtain the maximum temperature { 'C} of the
buried depth [=140—-135(In
(2,4-DMP;2 3-DMP)Y)] by calculating the
value of 2,4—DMP:2.3-DMP of the crude ail.
Then, we can converse it Lo the corresponding
C; VRE value when the crude ot 15 generated
according to the heat history of the basin. The
crude o1l generated temperatures of the prin-
cipal oiltield of Tarim Basin and the C; VRE
values have been listed in the Table 2. It is
seen 1n the table that the generated tempeta-
tures of the oil range from 117 t0 133°C and
the corresponding VRE values are between
(.78-0.92. I means that the maturity degree
of the crude oil 1s only cqual to a medium
mature stage, The point is when and by which
set of the source rocks did the ciude oil with
the medium maturity generate more possibly?
Tacan-1 well that is the deepest well drilled
on the Tazhong uplift in the basin could be an

cxample for this discussion.

Table 2 C;temperature and VRE values of oils of Tarim Basin

CrVRE "tsample nuanber)

otlfield reseror age lemperature, O (sample numbuer)
nghatang ; Carboaiterous 126 (2) a7
Yingmali {irdkncan [17—122(2) .78
Lunnan * Crdas jein 114
[ unmatn - lriassic. Jurasaic [ [ 8= 23¢3} (LRY
Sanptarm . Crdos., Carb, [rassic 21— 261{% . 83—(L85 (3
Jeclanggudang ¢ Prassie 123021
Dlake ¢ Carboniferons, [ rassic 12112712 {(1.89
. tarhong Uplil - Carbeniterous [20—1335 (11} 085092 (5)
Tarhieny ™, shopeCanly - Sl Ordoy, 122—130111) 189
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The thickness of sirata and palec-geotherm
are two important factors affecting hydrocar-
bon generating history. The Lower Paleozoic
and the Tertiary sections in Tarim Basin are
thick and tha Upper Paleozoic and Mesozoic
layers are relatively thin. The Upper Cam-
brian—Lower Ordovician in Tacan-1 well has
the thickness of 2510m on whose upper and
lower parts purported Middle—Lower Cam-
brian and Middie—Upper Ordovician source
lavers were respectively developed. Becavse
of such a kind of extremely thick sediments
plus to the palaeo-geotherm gradient as high
as 3.3°C/100m at Cambrian—Ordovician age

resulted the Middle—Lower Cambrian
source rocks kad reached its peak hydrocar-
bon generating in the Late Ordovician Period
(Fig. 7). The maturity of organic matter was
over .5%VRE at the Permian age and now it
is about 2.25%VRE. The Middle—Upper Or-
dovician source rocks just entered the thresh-
old of 0il generating in the Late Permian. It is
still in the low mature stage in the Mesozoic
as a result of decreasing palaco-geotherm
gradient and it reached -he peak of hydrocar-
bon generating as fast burial of the Tertiary
since the Cretaceous (Fig. 7).
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Fig. ? The history of hydrecarbon-geaerating in the Tacan-1 well,
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It is easily found that the history of hydro-
carbon generating for two cffective Mid-
dle—Lower Cambrian and Middle—Upper Or-
dovician source rocks are obviously asyn-
chronous based on the observation of the
evaluation histories as shown in Fig. 7. The
hydrecarbon generating in the Middle~Lower
Camborian iz early and the hydrocar-
bon-generated process is fast. It had gone

through the oil-window in the late Caledonian.

The asphalt cxtensively present in Silurian
and other rteservoirs are the chief products
during this period. However, the hydrocarbon
generating in the Middle—Upper Ordovician
source rocks happened real late and the proc-
css 18 slower. which entered the gencrating
peak in the Yanshan Fpisode and now it is
still in the late maturity stage. This character
is $0 in the uplift arcas and is reflected even

more in the depression regions in Tarim Basin,

If the crude oil as mentioned above with the
moderate maturity degree is generated from
the Middle-Lower Cambrian, then the source
recks should have reached such matured de-
grec in the late Caledonian or at lcast in the
carly Hercynian. It means that the massive
marine crude oils in the basin have been gen-
crated at about J00-500Ma vears ago. For
such a long hisiory. it is difficult for the crude
oils to keep the normal characteristics because
even the diffusion process can make it abso-
lutely degenerative through the long geclogi-
cal history. and the szveral tectonic move-
ments occurred subsequently should entirely
destroy the oil storage. Even afterward there
15 stril erude oil generated and preserved. 1t
would be quite limited. Then, the only possi-
bility is that the commereial oils currently
found should be generaled from the Mid-
dle—Upper Ordovician source rocks. The hy-
drocarbon-generating peak cpisode was dur-

ing the Yanshan to the Himalayain. It means
that the substantial erude oil was gencraied
and preserved since around 200Ma. The res-
crvoir  struelure  analysis, fluid inclusion
analysis and age dating of autogenous miner-

als have supported this conjecture.

3 Formation Model of Mid-
dle~Upper Ordovician Source
Rocks

As shown in Fig. 8, over 3000m dark tur-
biditic flysch clastic sediments accumulate in
the castem region of the basin because of the
violent subsiderce during Middle—Laie Or-
dovician age. The thick shale and sandstone
sediments. however, are characterized by low
TOC (commonly less than 0.2%) and can not
be regarded as good source rocks. It suggests
that the effective source rocks are oniy de-
veloped along the northern and southem
slopes of the Manjaer depression, not in its
center sctting with the deepest sea water
column, the richest mudstone and maximal
thickness. Richness of organic matter in the
platform cdge slope lime-mud-mounds is re-
lated to high living beings productivity caused
by thc upwelling. The distribution pattern is
similar to those of the modem western Africa

shelf and the Peru continent

contment
2003
shelfi?!=!,

4 Conclusion

Identification of the major cil-source iayers
in Tarim Basin has been a controversial ques-
tion for many years. Based on a comprehen-
sive siudy. we discovered to develop the cf-
tective source rocks on the northerm slope of
Tazhong uplift and the southern slope of Ta-
bei uplift, as well as on the open bay or gulf
facice in the Keping arca and the Awati de-
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pressien. Especially, by the oil-source corre-
lation using age- or coviromment-specific
biomarkers such as dinosterane,
24—norcholestane and Cyg sterane ete., and
analysis of the hydrocarbon-generating his-
tory. it has becn verified that the currently

found commercial oils should be mainly gen-
eratcd from this horizon. It is just this set of
layer that makes Tarim Basin become an
unigue region in China in where there arc
both marine-genetic commercial gas pools

and nil pools.
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Fig. ¥ A sedimenfary section across N—S direction in the Manjaer depression of Tarim Basin, showing that

the Middle=Upper Ordovician source rocks are distributed tn the slope facics of the platform margin, not

in the center of the Manjaer depression,
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Abstraction. During the perod from Sinian to Ordovician the observed temitory was under
intensive subsidence .n the end of Ordovician - was under the platform folding, and paleoupliit had
been formed. During the pertod from Silurian o Cenozoic era under the conditions of intensive
t2Ctonic movement the territory experienced subsidence wirth oscillations, the amplitude of paleouplift
becomes higher. Source rocks with high contents of aquagenic organic mateer are fixed in section of
Cambrian. Mid—Later Ordovician. In sectuon of carbonaceouns—permian strata are also found layers
w th high contents of mixed organic matter. Repeated uplift and sequential erosion of underlying
strata during formning of the cover strata sophisticated the schemre of hydrocarbons generalion and the
history of accumulation oil anc gas on tae territory. The history of ol and gas accumulation in
Central-Tarim uplift can be divided fnto three stages. The first stage of oil accumulation ir Tarim
basin is related generation of lLquid hydrocarbons by Cambrian source rocks in Ordesiciar. The
second siage tied up with generation by Cambrian source rocks in Silurian, formed accumulations that
partly broke down during late Hercynian disiocation. The third stage of forring of reserviors hinked
with ol and gas. which were gensrated by Ordovician source rocks in Carbonaceous period The most
of the reservoirs formed in this period. most likely consened till today. Resumption of oil and muost
likzly gas generation by source rocks of Cambrian and Ordovician cras ook place n the penod sines

Cretaceous o Cenozeie inclusively. which was the fourth stage of forming accumulations,

Key words. Tatir tasin, Central-Tantm uplift. tectenonic evolution. source bed siratas, hisiory,
generaticn, forming o1l and gas zccumulation,

mained unclear. Some scientists assume that

Introduction accurnulations were formed in early Hercyn-
1an perieds, while the others think in Himal a-

The history of torming oil and gas accumu- yvan period. As a result of recently geologocal
lation on the considered territory has re- explorattont, new geological, geophisical and
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peochemical materials were gammed. We
should especially underline that we have new
more accurate concept about distribution,
thickness and potential of 01l and gas genera-
tion of Ordovician source rocks. Complex
using of these new materials makes it possible
to reconstruct the history of development
Central-Tarim uplift and adjacent territories
securely, determine the history of generation.
migrations of hydrocarbons and its accumula-
tions into traps, that is the historv of forming
oil and gas accumulations. The aim of this
research 1s modest — based on newest tuater!-
als to arrange the reconstrucuon of the palco-
structure formations and the history of of. and
gas accumulations on this territory.

1 Tectonic Evolution of Central-
Tarim Uplift and Adjacent
Territories

Structural  characteristics  and  tectonic
evolutton of Tarim basm, among which

Central-Tarim uplift, were discussed in works

(Fig. 1, a).

At the end of Ordovician, the iemitory of
Tarim  bhasin  was  under the Iintensive
compression in submeridional direction, that.
perhaps, was the results of underthrusting of
Junger plate under Central-Tianshan terrain in
the north {we consider. that South-Tianshan
part of Palcoasian ocean was openned only n
Stlurian) and north-Kunlun part of Paleotetis-
I under Central-Kunlun terrain in the south of
Tarim paleoplate™™ As a result, on this
territory were formed Paleoupliit in the form
of big anticline with amplitude 1000m
according to (he Ordovician floor and
following upthrusts (Fig. 1. Our studies show
that before Silurian deposition on this territory.
the Ordovician strata with the thickness of
500 — 1500m were washed out,

In the beginning of Silurian period in the

northern  part of Tarun paleoplate  was

openued South-Tianshan part of Palecasian
ocean. On the given territory were formed
coastal and shoal marine strata. [n the end of
Silurian and early—mid Devonian in the

northern edie inrith»Tﬁmshan art

and gas accumulation with the help of newest
geological and geophysical matcrials, The
reconstruction  of hisiory of the tectonic

evolion was achieved by gradual dismount

- PR N v 4 N q

parl of Tarim plate arose the collisiop
between Central Kunlun terrain and Tarim
platc. As a result. Tanim basin telt the
intensise compression. and 1t was expressed

et o faprrtosrr ne s s tarolres 11l Fereees 4
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history of Tarim platform development. This
feature was caused by periodical addition of
the terrains to Tarim craton, terrains had
different sizes and migration speeds[“—'. During
collisions in the scction of adjacent parts of
craton  were  formed  unconlormines.
According (0 magnetic fleld, it is supposed
and proved by boring data that in the Middle
and Upper Paleozoic  widely  ocurred
magmatism of mostly basalt and less granite
type. Provided radiometric dating 11456
pointed on Permian—Triassic age of this
magmatisi, as Sinian—Ordovician,

Permian-Triassic  magmatic  rocks  are
characterized with high contenr of alkall,
In this penod Hereynian

movements) the territory was under subsiding

(after late

with some intervals, including post-Permian,
post-Triassic—Jurassic and post-Cretaceous.
Especialy during post-Triassic—Jurassic time
the rerritory took a long time to rise. Central-
Tarim uplift conserved as a big structural
elements of the first rank.

We should underline that in this period on
given territory carboriferous and later strata
accumulated on the paleouplift, and on these
strala were formed drape-like structures. It 1s
approred by geological exploration thal the
carboniferous oil- and gas-bearing complex
has a widespreading character. Moreover, in
the centre part of uplift the carboniferous
argillaceous strata overlain on the Ordovician
carbonic strata through unconformity. as a
result, reservolrs were formed.

3uring the period from Siman to Ordovician
in tectonic conditions of stretching on the
lerritory of Tarim craton were accumulated
huge marine carbontc strata. [n the end of
Ordovician in tectonic conditions of compre s-
sion the given terriiory was under platfom
tolding, as a result paleouplift was formed.

Form Silurian tw Cenozoig, Tarum  craton
located as a connccior between Paleoasian
ocean and Palcotetis ocean, several tcrrains
joined to Tarim craton. As a result. in inten-
sive fectonic conditions the territory was
under subsiding with oscillatory movement.

2 Concept about the Multi-
staged Formation of Oil and
Gas Reservoirs

According (o modern concept about o1l and
gas generating it is accepted that during the
process of catagenetic  transformation of
organic matters monotonically immersing
sedwnentary layer goes through proto- and
early mezo-catagenetic  {lop} phase of
intensive gas formation, main phase of gas
formation and latemezo- and apoe-catageneuc
(deep) phase of intensive gas formation' ™.
According to this c¢ven in monotonically
immiersing layer with trap in protocatagenes
the forming of accurmulations is multi-staged.
Hydrocarbons, accumulated 1n earlier phases
of il lormation, diffused, new its portions
came into rraps.

ir is underline  that the
compound of liquid and gas hydrocarbons at
different stages of calagenesis is not constant.
That is why the compound of hydrocarbonic

depends greatly on

imporidnt  to

fluids 1 reservoirs
compound and conditrons of migration and
accumulation into traps of hydrocarbons.
which arc generared by organic matter, and it
also depends on the intensity of dispersion of
hydrocarbons, accumulated dunng  carher
stages, and on the trastormation of ol in
reservoirs! !,

More complicated is the process of oil
generation in layer. immnersion of which has
discontinuous character. especially when it
takes a long time to rise. Oil and gas genera-



48 History of il and Gas Aceonulation in Central-Tarim Uplitt

tion. and accumulanion are long lasting proc-
esses, with muluple stages, discontinuoys, so
the schenie of monotonuous immersion of
strata layer quite approximate.

Generalising data of wide sphere including
data of paleostructural recomstruction and data
of insolublz organic matters and bitumology.
Kontorovich A E. (1980) cstablished a scale
according 10 the depth of different siages of
o1l and gas gencration by Riphean, Vendian
and Lower—Muddle Paleozoic source rocks m
Siberian  platform: 300m—1500m - upper

generation.
starting  and

zone of  intensive  gas
1500-2500m - zone of
progress.ve development of oil generation
processes, 2500—4500m — main zone of ol
4500-5400 - one of gas
generation process decay,

It is mentioned above that in geciegical
history Tarim craton. locailed between Palco-
tetis and Palecasian oceans, went through
very mtensive tectonic sitvation. That is why
during the process of forming Tarim basin
were forined several unconformities, among

generation,

them comparatively long and widely distrib-
uted are post Ordovician, prelare-Devonian,
posl-Permian, post-Triassic. post-Cretaceous
and nost-Kuche (Nak). The greatest influence
of formation and development of Ceniral-
Tarim upift were made by post-Ordovician
and pre-late-Devonian tectonic movements,
whicn were accompanied with iniensive uphft
and tollowing erosion. Research of changing
of sirata thickness according to seismic data,
logping data and boring material, ustng
resulis of wave analysis. show that during
post-Ordovician  and  pre-late-Devonian
periods  the  erosion amount  was  over
1000 ', Morcover, according o investiga-
tion it is considered that during the forming of
Tarim basin thermal rates on the territory had

been changimg greatly with graduallv cooling,
hesides two intervals (Sinfan—-Cambrian and
Permian periods). in connection with mam-
{ism. thermic rates temporally raised.

All the mentioned faclors, without any
doubts, proved that oit the given temitory gas
and oil accumulation had multi-staged
character, Moreover, rismng and  following
arosion of anderlying strata during the
formation of the sedimentory cover made the
scheme of generation organic matters and, of
and  gas

course, the history of ol

accumulattons on the  territory  more

sophysticated.

3 Space Distribution of Major
Source Rocks

Problems of source rocks were studied in

many works' ¥ During the Eighth and
Ninth  “Five-Year” Plan (1990-2000) the
specialists of Beijing petrolium exploration
and development under the guide of Liang
Digang and Zhang Shuichang studied the
source rocks of Tarim basin. During the Ninth
“Five-Year”™ Plan they redefined the lower
line of surce rocks, which had indusirial
importance for hvdrocarbons accumulation.
and they considered that only those source
rocks with organic carbon conteats on rocks
more than 0.4%, indepeadently of rock type.
could zenerate enough hyvdrocarbons. which
could accumulate and form  hydrocarbons
rescrvoirs, having industrial importance "l
By this criteria they redefined the distribos.on
of source rocks.

It Cambrian sections source rocks with
aguagenelic Organi¢ matters were accumu-
lated in nonbalancing depressions and saline
logunes. Their thickness are 100—300 m in
Awati and Tangguzibasi depressions and on
the territory m the south of boundery of
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Luanan-! — Manxi-] rift -- lazhong-28:

in the south~cast part of besin on the East
from Kunap-1 — Manxi-1 — Tazhong-32 in
Upper Cambrian and Lower Ordovician were
found source rocks with high content of
organi¢ matters. accumulated 1 unbalanced

basins, Their thickness change greatly in
0—30m.
Source rocks with high content of organic

aped Upn

]‘T'I

;;qu‘ T‘I

—=
Orcovician section. in the cast part of basin
and Awati depression. In roof part of Mid-
Ordovictan  and  lower part  of  Upper
Ordovician were fixed source rocks with
content of organic matters more than 0.5%,
Their thickness change from 20m 0 80m and
reach 200m in Manjiaer depression. Source
were set in the middle part of
Ordovieian.  Their  thickness 1n Awat
depresstonm reach 30-90m, in Tangusibasi
depression -- 30m, on the territory of Central-
Lower uvplifi-- 130-300m. Source rocks in
upper part of Upper Crdovician section were
sct by well maternias on the territory of

rocks

Central-Lower uplift

in Carboneferous -Permian  strata  section
were found layers with high content of
organic matters. For example. on the territory
of Buchu High Uplift and Maigaity slope in
organogenic limestones (thickness — 30-50m)
of Bacbu in argillite and
argillaceous  limestones  (30-9%0m)  of
Karashayi group (C,.x} were found rocks
with high content of mixed (sapropelic and
humic) character organic matter.

group (Cb),

4 History of Generation
Hydrocarbons and Its
Accumulation.

The problem of catagenic transformation of
organic matrers in source rocks of Tarim basin

came under the study by many scientists. The
results of their studies were published in
articles and monographs U™ Byt several
kev questions are still not clear. most likely, it
is because this situation is connected with
complexity of basin development. as was
mentioned, with widely distributed vncon-
formities in the section. with rising and
[ollomng erosion of large scale, with mag-
in Pa

—
1

with this problem with regard to scale of
rising and cresional amount with help of
wave analysis "*l. The results of our re-
scarches completely coincided with men-
tioned results, gained according o critzria
Kontorovich A. E. {1980) for source rocks of
Riphean. Vendian and Lower—Middle Paleo-
zoic of Sibirian platform. The resulis of our
researches are given below.,

In Late Ordovician perod, Cambrian source
rocks in most part of basin came to the main
zone of il generation, and till post
Ordovician rising in largs scale carried out 1ts
oil generation potential (I'ig.2). Generated
liguid hydrocarbons on the territory of Central
Tarim uphift and s adjacent 1erritories
migrated to Central-Tanm uplift, and most
likely, accumulated in Cambrian traps with
saline deposit as cap rocks, Bur during post-
Ordosvizian  (ectomic  formed  reservolrs 1n
Cambrian deposits were under the process of
reforming, and partly had reformed.

As mentioned above, in early Hercynuan
cvele of tectonic movements in the first half
ot eyele. Le., in Stlurian period, the territory
immersed to such a depth that the generation
of ligwd (perhaps gascous m depression)
hydrocarbons by Cambiian source rocks. In
thiz period generated hydrocarbons migrated
again to Central-Tarim paleouplifi and were

accuinulated e newlormed traps or filled up

‘mian negﬁ We deal
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existed accumulations. In the second part of
early Hercyman movements, 1e. dunng
prelate-Devonian nismg and following crosion
somg of accumulations were reformed or
destroved. On the territory of Central-Tarim

upiift and Northern-Tarim uplift many accu-

mulations of heavy oil or bitum. evidently
: . I8

with hypergenic character, were found !,

that proves of righteousness of this supposi-

ton,
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showed that although. during Triassic strata
were formed, their thickness neatralized the
thickness of crosional Permian strata. Moreo-
ver, the analysis of paleotemperatures over
occlusions illustrates the process of cooling at
the beginning of Tariih basin since Triassic.
That 1 why the generation of hvdrocarbons
Triassic period m any amount is not expected.

During Jurassic period for given tertitory is
typical mainly rising. Only during the period
since Cretaceous till Cenozoic the territory
was  under the intensive  immetsing.
Doubtedly. it evoked renewing the gencration
processes of hydrocarbons of source rocks in
diffcrent parts of the section. Among them,
source  rocks  gencrated  great  liguid
hydrocarbons and filled up the existing
accumulations of carboniferous reservoirs.

As the information mentionec above, on the
werritory i Paleozoic section were found two
complexities of source rocks - Cambrian and
Mid-Upper-Ordevician. Generanon of liquid
hydrocarbons by source rocks for the first
time happend in Late Ordovician ume, which
was the first stage of o1l and gas accumnulation
im Tarim basin.

During post-Ordovician rising and following
crosion a part of accumulations was reformed
ar destroyed. (n Silurian period the generation
of hydrocarbons bv Cambrian source rocks
renewed and generated hydrocarbons were
migrated ato traps of Ordovician and Silurian
reservoirs, This is the second stage of accu-
mulanton of hvdroccrbons in Tarim basin.
Formed reserveirs of hydrocarbons were
destroyed during Late-Hercynian dislocation.
In Carboniferous—Permian time Ordovician
source rocks began te generate hvdrocarbons,
This is the third stage of hydrocarbons acc u-
mulation in the basic. Already formed accu-
mulavions in ihis period mostly conserved till

today. Renewing the generation of hydrocar-
bons by Cambnan and Ordovician source
rocks happended from Cretaceous penod up
to now. which was the fourth stage of reser-
voir forming.

The discovered oil and gas reservoirs mostly
had the complicared history of iis formation
and developnient. As an example we tuke
Tazhong-4 reservoir, which is one of the
greatest revealed reservoirs on this territory.

Tazhong-4 reservoir is located in the cast of
Centraj Fult Zone. According to the cover of
bed Cyp. which 15 the main oil- and gas-
bearing  komplex,  picked out  the
brachyanticline with north—cast stretehing.
On the territory there are three carbomiferous
herizons — from top to bottom C, Cy 1 Cri. G
and Cy, horizons showed as terragemc, Cyp —
organogenic  limestones.  Reservoirs  are
structural, il with gas cap. massive and
floating in water,

Analvses of paleostructures show that for the
first time the structure was formed i Permian
period with ampittude according to cover Cyy
in 80m. in pre-Tnassic time amphtude of
structure raised to 170m, at the exd of Mezo-
£01¢ the struciure was already formed. During
Cenozoit it changed less. That is why we can
suppose that tke first portion of o1l in Taz-
hong-4 reservoir camie into traps m Permian
time on the second stage of hydrocarbon
acundations in Tarim basin. Petroleum were
most likely generated by Ordovician, perhaps
Cambrian source rocks and migrated to
carboniferous  traps  over unconformities
surfaccs and fawt zones. From Triassic to
Jurassic. little of oil and gas came into traps,
only in Cenozowc, in Himalavan cycle of
tecnonic movemetits, when the erritory was
involved mnto inmersing, oil from Ordos ician
strata migrated into carboniferous traps and
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filled up the traps. This idea is proved by data
of peochemical researches of Tazhong-4
rescrvoir and source rocks of Ordovician and

Cambrian periods L1412

5 Conclusion

In the period from Siman to Ordovician in
condition of stretching on the given territory
of Tarim craton were fornmted carbonic strata
with great thickness. In the end of Ordovician
in tectonic conditions of compression. the
given territory was under platfom folding. As
a result, palecuplift was formed.

From Siluran to Cenozoic. Tarm eraton
was between Palcoasian ocean und Paleotetis
ocean, several terrains joined to Tarim craton.
As a result, in intensive tectonic conditions,
the temitory was under subsiding with
oscillatory movement.

On the Lerritory, the process of o1l and gas
accumulation  has  multi-staged  character.
Rising and the
underlying layers m forming the basin cover
schemie of

subsequent  erosion of

made 1t complicate the
hydrocarbons generation and history of gas
and oil accumulation on the territory.

Source rocks with high content of aquagenic

organic matters are fixed in Cambrian and
Mid-Upper Oidovician strata. They have
cnough big thickness and are widely spread-
ing in basin.

In Carboniterous—Permian section also were
fixed rocks with high content of mixed
oriFanic matter,

Generation of liquid hydrocarbons by
Cambran source rocks for the first time
happened in Late-Ordovician time. which was
the first stage of oil and gas accumulavon
formations on the territory of Tarim basin.

The second stage of hydrocarbon accumul a-
tion linked with generation of hydrocarbons
by Cambrian source rocks in Sdurian. The
formed hydrocarbons partly destroyed during
Late-Hercynian dislocation. The third stage of
hydrocarbons accumulationsis (s connecled
with generation of hydrocarbons by Ordovi-
cian sourcc rocks in Carbomiferous period.
Formed accumulations in this period mostly
conserved till today. Renewing of hvdrocar-
bon generation by source rocks of Cambrian
and Ordovician periods happened i the
period from Cretaceous to Cenozoic. which
was the fourth stage of accumulation of oil

and gas.
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Abstracet: In recent years, a great progress has been made in gas exploration in Tarim Basin,

lin fact. there are several gas genetic groups. which are related to different £as source rocks

There are three sets of important hydrocarbon source rocks occurred in the basin. They are the

Cambrian source rock which mainly generated gas in late periad because of its high- and

post-maturity. the Middle and Upper Ordovician source rock which generated not only oii but

a 80 gas because of its special organic matters. and thz Jurassic source rock which mainix

generazed gas becausc of its humic type kerogen Through gas source correlalion. 1t is shown

tkat the natural gas found in Tarim Basin at present 15 mainly derived from the three sets of

significant hydrocarbon source rocks mentioned above The necessary ¢onditions for forming

the giant or supergiant gas reservoir are the five regional caps and seveial reservoir strata

widely distributed over the basin. According 1o generation. accumulation and preservation.

Terim Basin has the conditions to form giant gas reseroir, and is rich 1n natural gas.

Key words: Gas groups. Gas source rock. Reservoir rock, Cap rock. Tarim Basin,

Introduction

Recently in China. Tarim Basin is the
sole basin, where not only marine gas
field but also nomarine gas field was
found, with gas resources being 8.4 X
10n’. The natural gas found at prescnt
was marmnly distributed over Kuche fore-
land depression and Tabei and Tazkong
uplifts. So far. commercial gas flow has
been discovered in 9 of the 13 forma-
tional sequences from Sinian to
Quaternary, cxcept Silurian, Devonian

The gas rescrves are
Terti-

and Permian!'!,
mainly distributed in
ary—Cretaceous. Jurassic and Carbonif-
crous, and the Ordovician reservoir is
more and more important in the gas ex-

ploration In craton arca.

1 Multi-groups of Natural
Gas

Not only nomarine gas bur also marine
gas, not only condensate gas but also dry
gas were found in Tarim Basir, and ni-
trogen—rich gas with nitrogen content
10%—27% was found a'so. According r0
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component and its carbon isotope of the
natural gas. the natural gas m Tarim Ba-
sin could be classified into 2 genetic
familics: Nomarine gas andé marine gas.

1.1 Nonmarine Gas

& 'C.<—28%0 for nonmarine gas, and
the differential for © 7Cy to 8 C) of
the gas is gererally more than 8 (Fig.1).
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Fig.1 The genetic groups ol natural gas in Tarim Basin,

Al-marine natura gas: AZ—marine high—over mature gas. B—marine mature gas of

bias humie type: Cl-nonmarine wet gas; C2-nonmarine dry gas.

1.1.1 Nonmarine Wet Gas

In Yinan-2 gas reservoir. the conlent
of C, 1s from 82.78%—-94.41%, averaging
89.03%, and the content of "> is from
2.15%%-10.02%, averaging 6.26%. In the
condensate gas reservoirs of Yudong-2.
Yangtake. Yingmai-7. Yaha and Ticrgen
in the north part of Tabe! uplitt, the con-
tent of C i1s from 66%—92.38%, averag-
mg 71.8%—88.31%, and content of Cs is
from 1.33%-26.18%,
6.78%—-17.25%. The condensate content
of the condensate gas is
31.8%—185.6g'm’ in the condensate gas
reservoelrs of Yangtake and Yingmai-7.

averaging

and is 54?.6%—?6{1.33-m3 in the conden-
sate gas rescrvoirs of Yaha and Tiergen.
The values of & 'C;. & *Cs and § VC,
are on the heavy side. for example, the
values of 8 "*Cy are generally —23%: or
s0, which mdicates typical coal meas-
ure-derived gas.
1.1.2 Nonmarine Dry Gas

The gas is found only in Kela-2 gas
reservolr, the content of C| rarging from
90.41%-98.31%, averaging 96.58%, and
the content of Cs- ranging from 0-1.56%,
averaging only 0.57%. The values of & ''C,
and & "“C» of the Kela-2 gas are obviously

on the heavy side. & "C, generally
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. R 1.,
being from —28%,— —31.5%: and & "C,
from —18%,— —20%.

1.2 Marine Gas

-

G '*C,»>—28%0 for marine gas, and the
differential for o HC; to O ]':C| of the
gas 1s generally less than 5 iFig.1).
1.2.1 Marine Mature Gas

The group includes gas-cap gas 1m
Tazhong-4 oil field and solution gas in
Donghetang oil field. The avcrage con-
tent of C is 64.6% and the average con-
tent of C-. is 11.82% for the gas-cap gas
in Tazhong-4 oil ficld. which belongs to
condensate gas with very high conden-
sate content being 885‘?g;-"m'1, The nitro-
gen content of the gas 1s higher, ranging
from T.0¢%-27.63%, averaging 21.98%.
The values of & “C, and 6 "’C~ are obvi-
ously on the light side, generally less
than-40%..
1 2.2Marine High- and Post- mature
Gas

Th2 content of C, of the gas in Ordo-
vician and Carboniferous reservoirs In
Lunran area 1s from 89.62%-97.09%.
averaging 93.83%, and the content of Ca
15 from 0.57%—8.47%. avcraging 1.94%
The condensate content of the gas 15 re-
lative y lower. mostly between 200 gim’
to 50;’1?13 Thu nitrogen content of the
gas i much lower, generally less than
5%, The walues of & °C, arc on the
heavy side, generally being  33%-— 37
%o. and the values of & (s arc lighter,
genereily consistent with the values of &
e

It is remarkable that the gas of Het.an-
he gas ficld is dry gas with drying coeffi-
cient from 0,95 to 0.99. The average content
of €y 15 80." % and the average content of Cx-
is 2.1%;, Morcover. there 1s miaim H.S in

minim I1-S in the gas, being H:S -bearing
gas reservoir, Compared with the gas in
[Lunnan area bwv carbon isotope of com-
ponent, the values of The content of 6
'“C\ are on the light side, gencrally
from 37%— —40%, showing the carbon
isotopic characteristic of the gas cracking
from ail.
1.2.3 Marine Mature Bias Humic Gas

This group of the gzas is mainly dis-
tributed in the northern slope of the Taz-
hong uphift, for example. the gas in Taz-
hong-45 volatility oil and gas field. The
content of ¢ of the gas is lower with
averaging 74.61% and the conment of C;
18 12.9% 1p average. The nitrogen con-
tent in Tazhong-45 is from 1.15%-9.05%,
averagng 5.54%. The values of & °Cis
much lighter. generally from -42%, 1o
~50%,. and the values of & C. is rela-
tively heavier, generally from —33% to
~37%.

2 Three Sets of Important
Gas Source Rocks

lhe precondition of forming a giant
gas reservoir 1s the gas source rock above
all. The e¢ssential reasoen that Tarim Basin
15 Tich in gas resources just les in three
scts of source rocks well developed in
Tarim Basin.

2.1 Richeér Cambrian Source Rock at
High- and Post- maturity

The dasiribution of Cambrian source
rock is controlled by sedimentary facies.
which the starved basin facies and
gvaporitic lagoenal facies were most ad-
vantageous for source rack developing.

The lithology of the source rock of
starved basin facies is black gray or
grayish black micrite and thin lavered
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mudstone with horizontal laminated bed.
with TOC averaging 1.75%, a maxamum
of 5.52%. The sowrce rock with TOC
more than [% is from 120m (o 413m in
thickness. And the source rock is mainly
distributed over the eastern area of Man-
jiaer Depression. le. the area to the cast
of the line from Luntai to (hemo. and the
southwest area of Tarim Basin, with well
Tadong-1 and well Kuenan-1 drilled the
source rock. The organic matter of the
source rock is the type [, with organic
precursor mainly being planktonic algac.

The lithology of the source rock of
gvaporitic lzgoonal facics is deep gray or
grayish black. salty and gypseous mi-
critic marl. with TOC averaging 0.86%. a
maximum of 2.14%. The source rock
with TOC more than 0.2% is from 288m
t0 324m in thickness, and the source rock
with TOC more than [% 15 108m thick 1n
well He-4, Tracing of seismic data indi-
cated that the source rock is widely dis-
iributed m Bachu Uplift and Awan Sag,
and the source rock was drilled in wells
He-4 and Fang-1. The organie precursor

in the source rock 1s mainly composed of

haloplanktonic algae under saline water
environment, constituting type 1 organic
matrer.

The botk of the source rock mainly
genzrated crude o1l at lower—middle
stage with Ro less than 1.53%. However,
they mainlv generated gas and became
important gas source rocks because of
higher maturity in lale geological period.
For examplzs, (he Cambrian source rock
in the eastern Tarim Basin and the south-
western Tarim Basin 1s at the stage of

post- maturation with Re values from

1.8% to 3.6%, gencrating dry gas. And
the Cambrian source rock of evaporitic
lagoonal facies in Bachu Upiift is at the
stage of high maturation with Ro values
fram [.65% to 2.10%, generating con-
densatz and wet gas.

2.2 The Bias Humic Marly Source
Rock in Middle and Upper Ordovician

The M™Middle and Upper Ordovician
source was developed in marlaceous fa-
cies on the margin slope of carbonate
platfoim. which eould be divided into
several sub sedimentary units such as
marlaceous hills, pothole between hills,
laminar marl hills and laminar hiosparry
migrite hills, with TOC averaging 0.75%,
a maximum of 5.34%. The source rtock
with TOC greater than 0.2% is more than
400m, and the source rock with TOC
greater than 0.5% could reach 30m. The
source rock was mainly distnnbuted on
the northern slope of Tazhong Uplift and
the southernt slope of Tabei Uplift. and
was drilled in 12 wells such as well
TZ-12 and well TZ-10 cte in Tazhong
area and in 4 wells such as well LN-46
etc in Tabei area. The source rock is
composed of mainly macro alga, secen-
dary plancktonic alga and couccaicd
spores and is evaluated as type [-11. The
source rock belongs to C facies of the
Jones' facies (Jones et al, 1982) znd
could generate not only 01! but alsc gas,
The measured Ro values of the source
rock are from 0.9%—..3%. and the light
crude oil and natural gas were generated.

2.3 The Jurassic Source Rock Mainly
Gengerating Gas

The Jurassic source rogk is mainly de-
veloped in paludal facies and scmi-deep la-
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custrine facies, with its lithology mainly
being dark gray mudstone. carbargillite
and coal. According to outcrop sections,
the source rock is more than 600m thick,
with very high TOC values. a maximum
of 37.76% for mudstone. The source rock
is mainly distributed on the 2 of foreland
basins: Kuche Depression and South-
woestern Depression of Tarim Basin, and
was drilled in well Yang-1 and well Yi-
nan-2. The source rock is type Il and
belongs to D facies of the Jones' facies
fJones et al, 1982} and could generate
mainlv gas. whether at the stage of
maturation or at the stage of high matu-
ration. The mcasured Ro values of the
source rock arc from 0.7%-1.5%. and the
condensate and natural gas were gener-
ated mainly.

According to all discussed above, 11 18
known that the Cambnan source rock
could mainly gencrate gas in lale period
because of its high- and post- maturity,
the Middie and Upper Ordovician source
rock could generate not only oil but also
gas beczusz of 1ts bias humic tvpe or-
ganic matter. and the Jurass:c source rock
could mainly generate gas because of 13
humic type kerogen. So the reason that
Tarim*Basin 1s rich 1n gas resource 1s that
there are the 3 scts of important gas sour-

ce rocks in the basin.

3 The Natural Gas Found at
Present Mainly from Source
Rocks of Cambrian, Middle
and Upper Ordovician and
Jurassic

A new y perfect synthesired method of

gas-source correlaltion has been presenled,

combining mmdirecl correlahon with di-

reet correlation in ges-source correlation
and considering petroleum  geological
conditions. The indirect correlation of
gas-source is to achieve the goal through
determining maturity and corganic pre-
cursor of the source rock by inversion
bascd on delermining maturity and ge-
netic type of the gas. The direct correla-
lion of gas-source is to scek the rela-
tionsaip for the gas and the source usimg
direct geochemical parameters of the gas
and the source such as carbon isotopes of
lighter hydrocarbons by advanced ex-
perimental measure and analstical tech-
nique. The synthesized correlation (s to
corrclate the gas and the source bv
matching the indirect method anc the di-
rect mecthod bascd on the consideratien
of petroleum geological conditions. The
synthesized discrimination of the gas
sources in main gas reservoirs of the ba-
sin is achieved {(Table 1). which indicates
thal the natural gas found in Tarim Basin
at present is mainly derived [rom the
three sets of significant hydrocarbon
source rocks: Cambrian. Middle and Up-
per O-dovician and Jurassic,

4 Multi-sets of Reservoirs

Multi-sets of reservoir beds are devel-
oped 1n Tarim Basin. The storage capac-
ity of carbonzte reservoir beds is raised
greatly because of later alteration, al-
though the matrix porosity is very low,
The gas reservoirs found in clastic res-
ervoirs mostly are above type II, and the
connectivity and thickness of the sand-
stonc bed has influence on the scale of
the gas reservoir. Here only some impor-
tant gas reservoir strata such as Ordovi-

cian. Carboniferous. Jurassic and Crela-
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ceous—Tertiary are discussed as fol.ows,

Table 1 The assessment of the gas origin in muin reservoirs of larim Basin

Structural cunge o grea

Cias fleids

Represcntative wells

Gias sourg e

Yupkelike Yinan-2 pas field Y¥N2
Kela-2 pas neld KLZ2
Kelasu
Kela-3 gas Teid K3
lai-2 condensate gas hield TAI2 Nonmarine gases mainh
Tia derived from sauree

Lurtai Fauit Uplift

Ti-3 condensate gas Neld
Yaha condensie gas hield
Yaha huried hill oil-gas teld

Yanglahe condensate pas treld

YHI. YHZ, YH4
YHTXI

YI2.YI[:

Hengag

Hongy condensate was licld

YMGO, 123

rochks of Jurassic and
I riassiv in Kuche De-

[Presslon

Yingmai-7 condensale gas teld Y M7 ¥ MY
Nanka—Yingmail
Yudong-2 condenzate pas icld Y2
Lunnan ¢il-pas held Sang- IS I e
tatn cui-gas fedd t . Helanggu N4, 11128 Marine gases iwraindy
Lu-=nan condensate gas ticld  Jilake con- i3z from high- and posi-
densate gas fleld [ unnun hured LN57 malury souree rogh of
Il e legas T1eld TG T G? Cambrian
& elope of Tahes Jinan-4 vondensate pas field ING
luzhong-24 uil-pas field  Tae- 1£24. TZ1al hlarine gases mainly
o] faut) bedu and
hong-1 ail-gas Neld  lazhong-45 T7140 from O2- 3 marl sourcy
N slape al Tarhung
atl-gas Tield 1745 roch
lachong-1 condensate gas field FL] Marine gases mainly
Main tault blovk of
lashang-6 condensate gas field 126 fram Cambriun ard sec-
Tuzhuong
lazheng-44 condensgie guy fleld T744 endarily trom C2+3
M4 M2 ME M3 Vlarine gasss mainiy
Masataue Hetianhe gies el
W3 Stom high- and pas-
Bird meuntms Shan-1 pas reservarr 51 mature Cambrian
Kekeyy condensate gas Meld Kt2 KF& Nopmarine gas from i

4.1 Ordovician

TLe both reservoir types of weathering
crust reservoir and inside reservoir arc
mainly developed in Ordovician carbon-
ates. The interstitial space of the former
is formed under weathering karsting ac-
tton and structural karsting action. the
chiefly belonging te  frac-

type and fracturc-solution

[esCrvolr

mre-cuvity

cavern type with porosity less than 2%.
For example, the oolitic beach limestone
in the intersal of 2026.25—2041.2m of
well Mu-4 in Hetianhe gas field is much
developed of high-angle fractures and
solution pores znd cavities, belonging to
cavity-fracture ype. After midway test-
ing in the interval of 2031.34—2140m
using 7mm flow nipple, the gas daily
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output is 12.9x% 10%m’.
4.2 Carboniferous

The reservoir lithology of Carbonif-
erous is not only carbonate rock but also
clastic rock. The best clastic reservoir
bed 1s Donghe sardstone, with reservoir
space mainly being original intergianular
pores. For example. the reservoir belongs
to type I i1 the interval of 3597—3648m
of the well TZ-402, with the porosity
bemg from 13%—20% and the pcrine-
ab lity being from 10X 107 1 in™—{00 X
10" & m’°, The reservoir lithology of
Carbomferous carbonate rock mainly is
biociast Irmestone, with reservoinr spacc
mainly being pore, solution eavern and
fracture. For example, the averaging po-
rosity 15 3.55% and the averaging per-
meability is 2.23% 107 o m~ for 88 sam-
ples of Carboeniferous bioclast limestone
in Hetianhe gas field.
4.3 Jurassic

The gas reservoir rock of the
delta—fluvial facies i1s developed in Ju-
rassic and belongs to type I1. with reser-
voir space mainly being intergranular
pores and intergranular solution pores,
averaging porosity 14.75% and averaging
permeability 216.19X 107 & m®. The res-
ervoir reck of Jurassic i Kuche Depres-
sion is very special, with much lower
porosity and permeability. and yet ts high
quelity duoe to developed fraciures. The
reservolr  space 1s fracture-pore type.
with averaging porosity 7.47% and aver-
aging permeability 5.42 X 107 1 m” in the
intervals gained comimnercial gas flow of
the we{l Yinan-2.
4.4 Cretaceous—Tertiary

The nwulilayers of gas reservoir rock

of delta front—fan delta plain facies is
developed in Cretaccous in Kelasu strue-
tural belt, the storage space being mainly
the original intergranular pores, with av-
eraging porosity 9.5% and permeability
mainly between 1X 107 u m—10X 10"
b m” Finally, the rescrvoir of Suweiyl
Formation in Eogene belongs to alluvial
fan=—flood plain facies and the reservoir
of Jidike Formation belongs to alluvial
facies. both of the storage spaces demi-
nantly being intergranular pores, and the
reservoir capacity basically being me-
dium porosity and medium permeability.
with averaging porosity 14.6% and per-
meability mainly between 10988 X 10
B m —893.89X 107 1 m”.

5 Multi-sets of Regional Cap
Rocks Being Necessary Con-
dition Forming Giant— me-
dium Sized Gas Reservoirs

The drilled wells opened out that 5
sets of regional cap rocks were generally
developed in Tarim Basin from top to
bottom. which presemied good prescrva-
tion condition being necessary in shaping
multi-sets of reservoir- cap asscmblages
to form gas reservoirs. Especially, the
regional cap rocks in huge thickness are
indispeusability in forming  gi-
ant—medium sized gas reservoirs.

5.1 The Salty and Gypscous Bed in
Fogene

The predicted thickness of the bed s
more than 3600m tn Kuche Depression
and generally 15 from 100=—334m in the
northern part of Tabei Uplift. under
which the bottom sandstone in Eogene
and good rescrvoir in Cretaceous were
sized

Some big—medium

developed.
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oil-gas  fields. such as Kela-2. Yaha,
Yingmai-7 and Yangtake and a series of
hydrocarbon-bearing  structural  belts,
have been found in the ressrvoir-cap as-
semblage. The area of the cap rock could
attend 13.3<10'km” in the northern part
of Tarim Basin and the Southwest De-
pression,

5.2 The Coal Measure Strata of Middle

and Lower Jurassic

It is 300—KR00m thick in Kuche De-
pression and is 250=400m thick in Lun-
nan area and the eastern area of Manjiaer
Depresston. The area ol the sirata is more
than 10 107 km” in the northeastern part
af Tarim Basin. Linder the ¢oal measure
strata. good sandstone reservoirs were
developed in Middle and Lower Jurassic
especially in the bottom of Jurassic and
in underlying Triassic. A scrics of oil-gas
ficlds and hydrocarbon-bearing structural
belts  such  as Sangtamu,
E.Jiefangqu. Jilake. Jinan-4. Yigikelike
and Yinan-2 have been found at present
in the reserveir-cap assemblage.

Lunnan,

5.3 The Salty and Gypseous Mudstone
in Carboniferous

It 15 207m thick drilled in well Tahe-1
in the northern slope of Manjiaer Dec-
press.on, is 30=—50m thick drilled in
wells Mnxai-1 and He-2 in the central part
of the basin, and is maximum of 340m in
Kalashayi outerop section in the western
parl of Bachu Uplift. The distributing
area of the cap rock is 9.8 X 10*%km”. the
salty and gvpseous mudstone changed
into the Lower- and the Upper- mudstone
members of Carboniferous in sedinmen-
Tazhong  with

tary  facies  toward

200=300m1 taick, which is composcd of

good cap rocks of Donghe sandstone res-
cervoirs such as lazhong-4 and several
commercial hydrocarbon-bearing struc-
tural belts and weathering crust tvpe res-
ervoirs such as Bird mountain structural
belt and Mazatage structural belt found at
present.
5.4 The Mudstone of Middle and Up-
per Ordovician

It is 5000=7000m thick in central
Manjiaer Depression and changes into
much thinner toward uphift generally be-
ing 220~—600m thick. The distributing
area of the cap rock is more than 30X
107km™ with the Ordovician carbonate
reservoir. under the cap rock. The inner
commercial oil-gas reservoirs such as
Yingmai-2 in Tabe: Uptift and TZ-45 and
TZ-162 1n Tazhong Uplift, have bcen
found in the reservoir- cap assemblage.
5.5 The Salty and Gypseous Bed in
Middle and Lower Cambrian

1t 1s 404m thick drilled in wells He-4
and Fang-1. Tracing of seismic data in-
dicates that it is 1400m thick in Ying-
maili area and 1s 400m in the deep place
under TZ-4 oil-gas field. The salty and
gypscous bed mainly distributes over the
woestern part of Tarim Basin and 1s 19.3
X 10%km” on area, Up to now, there is no
commercial oil-gas reservoirs found un-
der the cap except rich source rock and
gas show in dolomite under the gypseous
interval of well Tacan-1.

6 Conclusion

1. There are multi-groups of nartural
gas in origin in Tarim Basin. which
mainly being nonmarine wet gas. non-
marine dry gas. marine mature gas.
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maring high- and post-mature gas and
marine mature bias humic tvpe gas.

2. The basic reason that the basin is
multi gas groups in origin ts that there
are 3 scts of important gas source rocks,
i.e. the Cambrian source rock which
mezinly generaled cracking gas in late
period because of its high- and post- ma-
turity, the Middle and Upper Ordovician
source rock which generated not only vil
but also gas because of its bias humic
organic matter, and the Jurassic source
rock in the foreland basin which mainly
generated gas because of its humic vpe
kerogen.

3. Tt 1s aslo confirmed that the natural

gas found at present is mainly related to

the source rocks of Cambrian, Middle
and Upper Ordovician and Jurassic.

4. The rulti-scts of cap rocks are
developed in Tarim Basin, i.e, the salty
and gypseous strata of Cambrian, the
mudstone of Middle and Upper Ordovi-
cian, the salty mudstene of Carbonifer-
ous, the coal measurc strata of Jurassic
and the salty and gypseous strata of Eo-
gene, which could shape many sets of
reservoir-cap assembiages.

5. Tarim Basin is provided with the
nccessary geological conditions forming
giant and super giant sized gas reservolirs.
which decides that the basin is rich in
natural gas and has widest foreground in

gas exploration.
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In view of discovery of the petroleum po-
tential of the Xinjizng Uygur autonomous
area, the interest for the geology of this region
has been shamply aroused. Various geological.
geochemical, and gecophysical materials pub-
lished in the papers, large monographs and
generalizved in the numerous maps U1 e
available for this area. including the Tarim
Platform which is a major element of Xin-
jiang. Stated below is based on analysis of
data on the above-iisted materials.

When studying the geclogy and petrolewn
potential of the Tarim Platform, we paid at-
tention to the combination of two interrclated
facts:

(1) a great thickness of the Meso-
zoic-Cenozoic, mainly continental deposits
forming such basins as Qatdam, Junggar and
Tarim. The lztter accumulated up to 7-10 km
of sediments only in the Cenozoic, which s
equal to the total thickness of the entire Sinian
and Paleozoic.

(2) a considerable number of orogenic
phases which manifested themselves in tec-

tonic deformations (folding, thrust-nappe

i’i. and neighboring terrifories.

gﬁ‘” - inferests include regional geology and tecfonics of petroleum basins i1 Russia
A

manifestations, formation of other structural
forms). Only during the Mcso—Cenozoic the
two Indo—Sinian, three Yanshan and two Hi-
malayan orogenic phases have occurred.

Below we shall dwell on analysis of these
facts and the role of the last phase of the Hi-
malavan orogeny i the formation of the pre-
sent-day structure of the Tarim basin,

When analyzing tectenic movements. two
methods of investigations are used: analvsis
of unconformities and analysis of time of
manifestation of deformations and their ty pes.

Analysis of unconformities provides the
opportunity to establish that at the definite
time this area experienced deformations re-
moving it from the levels of sedimentation,
but their quantitative and kinematic charac-
teristics remain uncertain,

To analyze the time and forms of manifes-
tation of deformations, data on unconformi-
ties, facies and their thickness zre used. If
deformations occur in the process of sedi-
mentation (synsedimentary), sediments mark
the time of their manifestation. succession.
and dynamics. Postsedimentary deformations
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are recorded as an instant action and are ex-
pressed by an angular or azimuthal structural
unconformity.

We should note that deformations both in
plan and in sections (in three-dimensional
models) can manifes: themselves locally or
regionally, Though this subdivision iz con-
ventional, it 1s of great significance for spatial
analysis. However, 1t 1s very difficult to de-
termine the particular arcas of manifestation
of deformations and thelr intensities with sery
sparse network of observations. Drilling data,
which maost frequently lack the reliabic ele-
ments of nccwrence basic for analysis of any
deformational forms, are also difficult to usc.
Interpolanion and estrapolation of data on
adjacent areas provide rather approximate
models of arcal and stage-by-stage derorma-
tion. They are responsible for many errors in
determination of diswibution, inténsity, am-
plitudes, and other parameters of deforma-
tions, and, consequently, for a general esti-
mate of one or another diastrophism,

Seismic data arc of great help for determi-
nation of the distribution boundarices of de-
formation field, however, thev are not always
available, particularly at the first stages of
investigations.

The degree of knowledge of Northwestern
China is not uniform. The most of availabie
data refer to the Tarim Platform. It is thought
to be stucied much berter than the bordering
folded structures and Jungar basin, theretore.
the invesigations are basced on data on this
arca,

Ximyiang is located ar the place of comer-
gence of the areas of Hercynian, Pacific and
Himalayan crogenies U U is known thar that
the final shased of the Hereynian orogeny is
attr:buted to the end of the Paleozoic and c¢an
be assumed to be the Paleozoic/Mesoruic

houndary, The Pacific (or Verkhoyansk)
orogeny manifested itself in the folded rim-
ming of the Pacific ccean in the Middle Ju-
rassic. The Himalayan orogeny was mosl ac-
tive in the Neogene, though there is cvidence
that this orogeny is stili "alive".

The geological and tectonic maps
suggest that in the Northern Tien Shan M.
Junggar Ridge region and further novthwards
the Mesozoic—Cenozoic  deposits
sharply unconformably on the bzsement rcp-
dislocated  Precam-

[14. 12)

acour

resenited by dhe
briann—Phanerozoic strata with intrusions 1o
form e basal horizons of the epi-Hereynian
Platform cover. Local deformations, which
represent the response to collision processes
contining south and cast of Xinjiang, mani-
fest themselves in the Mesozoic—Cenozoic
cover as folded structures and faulis.

In tae fold bels rimming the Tarim Plat-
form, the major phase of thc Himalayan
orogeny is confined to the end of the Neogene,
in places to the Early Quaternary. This is evi-
denced by fold and fault dislocatiors in the
marginal protrusions of the platform (Fig.1.
Fig.2). Structurally conformable occurrence
of the layered sequences, starting from the
Siman. 15 observed in the folded structures of
these protrusions. Disturbances are observed
if' these regional deformations supernnpose
the local deformations of earlier phasas. [fwe
take into account that these protrusions arc
shifted into the Tarim Platform f{rom the
folded systems and that these folded struc-
tures are characteristic of the adjacent zones
of these folded areas, a very high importance
ol this final phase of the Himalayan orogenv
would become quite understandable. [t s this
phase which is worthy of referring to as the
Himalay an super-regional diastrophism.
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Fig.1 Sketch geological maps and structural profiles of Kelpin protrusion. 1.indices of stratigrapkic subdiyi-

stons. 2.Silurian and Devonian depasits, 3.Cambnan ard Ordovician deposits. 4—6.different wypes of faults (dis-

placement dircctions are indicated by arrows). 7.dircetions of conpression and shifl. Arabian figures i circles -

names of faults Proper Latin letters - names of structures.

Analysis of facies maps compiled for the
Siman—Phanerozoic cover of the Tarim Plat-
form has revealed that from the Early Sinian
to the end of the Paleozoic [ ' " the strike
ol “acies zones was from the north to south
and was sharply changed into cast—west.

This regularity can be casily explained: it 1s
at this time when the formation of the Wege-
ner's Pangea ends and the Indo-Ilimalayan
plate collides with the North Asian plate. the
southern part of which had been cratonized by
that time. The Sintan—Paleoroic north—south
zonation can be related to a tumm of the Tanm

lithospheric plaic during its migration. But in

this case the possibility of incorporating the
block into the larger Turk-
(Caueca-

Tarim
men—Ssinian—Korean

sus—Turkmen—Chinese)
China lithospheric plates becomes question-
able "1 This problem still needs solution. It

=1 or the North

1s important 1o note two clreumstances.
Firstly. one should pay attention to that the
northern and southern extensions of the
Sinian—Paleozoic facies zone are cut by large
fauits bordering the Tartm Platform in the
south and north. Herewith, zonation is also
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Fig.2 Sketch geological maps and structural profiles of Tikeliktag protrusion ( as modified
from [8, 9. and others]). 1 .overthrusis and nappes (arrows along the directior. of displacer), 2.axes
of articlinal folds. 3.boundaries of stratigraphic subdivisions. Arabian figures - names of faults

and overthrusts, Arabian figures in ¢ircles - namnes ot anticlinal structurcs.

preserved in the marginal uplifis displaced
across the regional thrust faults, To explain
these facts. it should be assumed that in the
Hercynian times the dimensions of the Tarim
craton were much larger than those of the
present-day Tarin1 Platform and the platform

facies extended from north to south inio the
areas presently occupied by folded systems.

Secondiy, judging from drilling and geo-
physical daia, fold deformations which meni-
fested themselves in the Tarim Platform cover
durmg the Sinmian-Palcozoic times, are ex-
pressed locally and have no relation to faciec
zonation (Fig.3,4). Fold dislocations arc rep-
resented by large primary {confirmed by
structural mapsjtroughs.depressions sweils
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Fig.3 Geological maps with eutstripped post-Devonian deposits (as modified from [3. 8, 9. 11, and oth-
ers]l. 1.boundanes of the Tanm Plattorm, 2.boundarics of stratgraphic subdivisions., 3 faults with uncer-

tan kinemante charactenstica: 4 thrust faulte; 5 inrysions.

4 10k
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Fig.4 Geological maps with cutstripped post-Triassic deposits (as modified from [3. 8. 9, ] 1.
and others]). 1. thrust faults; 2.boundaries of strazigraphic subdivisions: 3.boudary of pinch -out of

the Jurassic depasits; 4.intrusions; 5—7.areas of distribution of Jurassic deposits on the underlying
deposits; 3.with angular unconformity; 6.with stratigraphic break; 7. co nformably.
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and uplifts complicated by synsedunentary
complicate
post-seditrentary  superimpesed  folds  and
faults. Secondary local. individual structures

faults. Thase STFUCEUTeS

and those manifesting themselves in diflerent
times can be considered as platform. However,
their intensity clearly exceeding usual plat-
form dislocations should be marked. Numer-
ous manifestations of these forms make the
duced by local. but intense disiocations, Gen-
crallv, siratigraphic hiatuscs are more charac-
teristic of ancient platform covers than sig-
nificant angular and azimuthal unconformi-
lies.

(2) over deformat.ons cannot be considered
as typically folded, they are rather of "reso-
nance” character and reflect long-distant oro-
gCNiC Processes.

{3y No forcland structurcs had formed in
the peripheral paris of the Tanm Platfonn,
However, the Siman rift setimgs in its Tien
Shang margin [23] were responsible for the
imtial stages of isolation of the Tarim craton
from the Late Proterozoic Pangga.

{(4) In the Paleczoic and Mesozoic deposits
no malasse sequences are present. which
could tesufy to orogen existence in the craton
margins (uring the formation of deformations
in the cover. Ouly Tertiary deposits forming
thick complexes along the northern and
southern flanks of the platform can be con-

sidered a< molasses.

Tarim Platform cover not quite "standard”: it
is composcd of platform facics but 18 dislo-
cated as a folded region. These structures are
referred to by some authors as folded plat-
form: complexes |

Thus, the structural features of the Tanm
Platform cover arc as follows.

{1y In the Tarim Platform cover section
numerous unconformities occur which are in

The above-stated cvidences of that during
the Palcozoic and Vlesozoie the moun-
tain-lolded (orogenic) structures did not form
near the Tarim Platform. Taking into account
a high density of stratigraphic hiatuses and
local angular and azimuthal unconformities 1n
the section of the Upper Palcozoic and Meso-
zoic—Cenozoie sequences of the cover. it
would be reasonable v make a conclusion
that they formed as a responsc during the
Hercynian, Pacific, and Himalayan (carly)
orogenies. Location of the Tarim block at the
Junction of corresponding orogenies favoured
the manifestation of these deformations. Only
in the Neogene the Xinjiang reg.on has trans-
formed into an orogenic district during strong
collisional compressiors resultng from the
collision of the Indo—Himalayan and North
Asian lithospheric plates, but in the inner
parts of i1s comstituent microcontinents (ter-
ranes), forgland structurcs with moiasse in-

filling have formed.
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Regional Estimation of the Tarim Platform Petro-
leum Potential from the Results of Analysis of the
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The Tarim petreleum basin coincides are-
aily with the Tarim Platform. the area of whi-
ch is about 560 thousand square. km -". The
Sinian and Phanerozoic formations have been
distinguished in the sedimentary stratum of
the basin overlapping the crosional surface of
the pre-S:nian basement.

Analysis of thickness of the sediments pre-
served in the preseat-day structure of the
cover % performed for 13 stratigraphic lev-
els, ailowed the construction of a series of
maps illustrating the increase in the cover
thickness in time and typical location of the
areas of maximum sediment accumuiation,

The total thickness of the cover s greatest
in the Southwes! trough where it exceeds.
from calculation results, 2000 m and in the
Manjaer depression of the Northern tough
(more than 15 000 m). Such great thickness of
sedimentary formations are questionable and
can be related 10 a repeated recurrence of
some fragments of the section in the marginal
parts of the platform (for cxample. in the
Kashgar depression) where a thrust-nappe
structure of the mantle is highly probable

survey and search for mineral deposits.
geclogy. His current research interests include regional gedtogy and
tectonics of petrofeurn basins in Siberia and neighboring terntories.

1978 - graduated from Novosibirsk State University in geclogical

1684 — held his PRD 1n

Analysis of the geologic—geophysical data
(lithologic, seismic, petroleum  geology,
structural, and others) allowed the establish-
meni of three oil source rock complexes
(Cambrian—Ordovician, Carboniferous and
Tnassic—Jurassic) in the cover section of the
Tarim Platform. It has been cstablished that
the boundaries berwezn the sedimentary
stages, formational and siructural-formational
complexes and structural stages are related to
the pertods of tectonic activation induced by
the processes in the mobile areas surrounding
the Tarim rigid block (Paleoasian ocean in the
north and Paleotethys in the southy

Howcver, a series of maps illustrating the
increasc in the sedimentary cover thickness of
the Tarim basin does not allow analysis of the
burial history of cach of the three oil source
rock complexes distinguished (the Cam-
brian—Ordovician, Carbeniferous and Trias-
sic—Jurassic), the estimation of the degree of
their thermal maturity. and indication of their
location in the platform.

The methods developed at the Institute of
Petroleum Geology SB RAS made it possihic
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to obiain electronic versions of the original
sketeh maps in isopachs showing the increase
in time in thickness ol the deposits overlap-
ping oil source rocks tor the cntire Tanm
Platform. The maps of residual thickness of
deposits of different age. taken from the pub-
lished papers ' 711 swere used as initial
materiat. As a resuli, three senes of sketch
maps have becn eonstructed, which show the
increase in thickness of the overlapping de-
posils i1 geologic history for the Cam-
brian-Ordovigian. Carboniferous and Trias-
sic—Jurassic complexes. The total thickness of
the sediments, overlapping cach of the three
oil source rock complexes in the modern
structure. 18 shown in Fig. 1. The dvnamics of
sediment accumulation resulting from anal v-
sis of these maps s thought 1o allow a more
precise and objective ostimation of regional
prospects of the pewroteum potenitial for each
ol the oif source rock complexes,

Tempersture regime 15 known to be a de-
fining factor for hydrocarbon generation. The
authors assumed the temperature gradient (o
be 3°C per 100 m, which is an average for
platform areas. even though Van Shejiao. Kan
Uichzhu and other investigators U Y provide
data that ir s lower for the Tanm Platform
than for thc West Siberian Plate. Assuming
the remperature nterval of the main phase of
oil genecration (o1l window) to be from 60 to
1509C, we obtain the intersal of depths for
the o1l wirdow to be ghout 2000-5000 m. It
should be noted that the Chiese investigators
have drawn the plots of burial and (hermal
maturity of oil source rocks [or some struc-
tures “rom seismic survey and drilling data !,
but no areal analysis was made. Analysis. the
resuits of which are giscn in more detajls be-

low. provided the opporiunity Lo determine
the time and areas of entering the oil window
and passing out ot 1t for each of the oil source
rock complexes, what is shown in Fig. 2, and
to estimate the regional prospects of their pe-
troleum potential.

The Cambrian~Ovrdovician Complex.

By the end of the Silunan this complex had
cntered the oil window in the eastern part of
the Northern trough (Manjaer depression),
where the thickness of overlying strala ex-
ceeded 2000 m and had reached 3000 m by
the end of the Devonian, By the end of the
Carboniferous, the thickness ol the overlying
complex had reached 4000 my in this area, and
in the west of the Central Tarim uplift the o1l
source tock complex cntered the vil window
in some limited areas. The thickness of the
oserlying complex in the Mantszvar depres-
ston execeded 4500 m. By the end of the Tri-
assic, the o1l source rocks of this age had en-
tered the oil window throughout the entire
Southwest trough, Central Tarim uplift, cx-
cept the Bachu uplift and Northern trough. At
the end of the Jurassic. the thickness of the
overlying complex exceeded 5000 m in the
central part of the Manjaer depression and in
the extreme southwestern parts of the Yark-
enda ard Kashgar depressions, and the Cam-
hrian—~Ordovician depostis passed out of the
oil window here, By the beginning of the Ce-
nozoic. the arcas., where the thickness ol the
overlying complex exceeded the maximum
possible, had extended, but in the Bachu up-
lift the thickness had not yet reached 2000 m.
Al the present time the the Cam-
brian—Ordovician oil source rocks are in the
ol window in the Konguehe monocline, Cen-
tral Tarim {except Bachu uplift) and
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Fig. 1 Thickness of the sediments overlapping the oil source rock complexes in the present-day structure.

A--Cambrian--Ordevician, B- —Carboeniferous: C-- Triassiz -Jurassic. A B C



Sympostum an Petraleun Geelogy of Turim Basien in Thima and Stherian Platform in Russia

73

TT

Fig. 2 Areas which presently are in the main zone af off gencration, A B C

A Cambrizn- Ordovician: B- - Carboniferous; C-- Triassic—jurassic ¢il source rock complexes.

Arcas: 1-- in oil window; 2-- which passed out of 01l windew: 3-- wlich did not enter o1l window,
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Southern Tanm uphifts.

The Carboniferous complex.

The Carboniferous oif source rocks entered
the oil window at the end of the Trassic when
the thickness ol the overlying complex had
reached 2000 m in the Awst depression and
the central part of the Central Tarim uplift. By
the end of the Jurassic. the Carbomiferous de-
posits had entered the oil window in the cen-
tral part of the Manjaer depression and in the
Yarkenda and Kashgar depressions. By the
beginning of the Cenozoic, the areas entering
the oil window in these structures had ex-
tended, covering the Kheryan depression, In
the extreme southwestern parts of the Yark-
enda and Kashgar depressions. in which the
thickness of the overlving complex exceeded
3000 m, the Carboniferous deposits passed
oul of the oil window. At the present time the
Carboniferous deposits are in the o1l window
over the most part of the Tarim Plattorm. ex-
cept its southwestern, deeply buried part and
Bachu and Northemn Tarim uplilt where they
had not yvet entered the oil window,

The Triassie—Jurassic complex.

Bv the end of the Cretaceous, the rocks of
this oil source rock complex had already en-
tered the il window in the moest burted parts
of the Kashgar and Yarkenda depressions,
and presently had already passed out of she ol

window as a result of rapid Cenozoic sedi-
mentatton in the Northern Tarim uplift and
Awzt depression of the Northern trough, They
had not vet entcred the oil window in the
Bachu, Central Low and Southern Tarim up-
lifts and are in the oil window in the remain-
der of the platform.

The revealed regularities in the geclogic
history of the sedimentary cover and burial
history of the otl source rock complexes of
the Tarim platfonm arc necessary to be aken
into account in regional predictions of petro-
leum potential. The suthors understand that
the presented results are sketchy. As has been
already poimmted ont above, the temperature
gradient for the Tarim Platform may appear 10
be essentially lower than that accepted in this
work. Besides, the temperature gradient is,
probably. dissimilar in the different arcas of
the platform and for the different perieds of
geoclogic history. Moreover, the temperature
tnterval of the oil window is different tor hu-
mic and sapropelic organic matter. For this
reason, the authors consider this work as a
preliminary and offering a further cooperation.
Tuking into account specified daig histed abo-
ve and using the proposed technique, one can
construct detailed maps and schemes which
are more conformahle to the reality.
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The Yeniscy-Baykit block (an area about
160 thousand kmz) of the Siberian Platform is
bounded by the Yenisey River valley in the
west, approximately at the 102-nd meridian in
the east, the longitudinal segments of the
Podkamennaya Tunguska and Chunya Rivers
in the north, and by the Angara River in the
south, The Tarim Platform {(an area about 560
thousand kmz) is located in the northwest of
China and is bounded by the mountane-
ous-folded Tien Shan Ridges in the north and by
the Kunlung and Tsienlin Ridges in the south.

In the Riphean the Tarim Platform and
Yenisey—Baykit block were the inner parts of
the consolidated craton — the Early Protero-
zoic Pangea, on the surface of which rifts,
aulacogens. grabens, regmatic zongs and oth-
er troughs began to form. Later a part of these
structures transformed into zones of conti-
nental spreading and then they opened as
oceans and marginal seas. The main structural
features defining the individual characteristics
are newly formed ! An interval of the
geologic history of the compared objects,
which 1s of interest for us, starts from the

of Petroleum Geology. Siberian Branch, Russian Academy of Sci-
snces. 1958 — graduated from Moscow State University in geological
survey and search for mineral deposits. 1865 — held a PhD, 1990 —
D.8e. in geology. His current interests include regicnal geology and
tectonics of petraleum basms in Russia and neighboring ferritories.,

moment ef the initiation of the Neogean
structural configuration.

In the Yeniseyv—Baykit block, the Ar-
chean—Proterozeic basement is overlapped by
a thick cover of mainly marine Riphean and
Paleozoic deposits ©*L Their sections are
outcropped in the Yenisey Ridge and in the
lrkineycva salient and have been penetrated
by boreholes throughout the entire Bavkit
anteclise. Several deep boreholes have pene-
trated the pre-Riphean basement.

Five stages. characterized by a specific
geodynamic regime, have been distinguished
in the Riphean-Phaneroszoic history of the
Yenisey—Baykit region (Fig.1).

1. In the Riphean, a shallow-water epicra-
tonic, east—west trending srough was initiated,
which occupied the central zones of the pres-
ent-day Yenisey Ridge and extending into the
Yurubchen—Tokhomo zene: 1n the west. it iy
traced under the present-day West Siberian
Plate. The products of the weathering crust
and mature terrigenous sediments were dJrift-
ed mio this flat trough from the bordering
peneplanized uplifts, and in places ferrous
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Fig. | The model of evalution of the Yenisev-Bay kit block structure .

I- the middle of the Late Riphean, 11— the cnd of the Paleosaie, I - the beginning of the Mesazoic.

I—pre-Ripheen crystalline hasement, 2-6 - sedimentary {ormartions (2—-te-rigenous polymictie, differenly
rounded. manly coarse-grained), 3—terrigenous polyimene, manly fine-gramned, 4 -carbonate chemogenie and
organegenic. S—of ditfercnn types, including black shales, 8—evaporitic: 7—ophiolites: 8—region of distribulion of
the Riphean folded fornmations: 3-region of distnbution of the Vendian—lerm an formations: [ O-reglor of out-
crops onio the surface of the Riphean distocated formaticns: 1]1-Vendian—Thanerozowe formations, bounded by
faults. within the Yensey Ridge; F2-antictines {a) and svnclines (2) in the formations of the platform coyer
13 dorte-shaped structures: 14—fauls; t5—sicop faules with monoc inally onlapping luyered struta (steiation in
the ditection of stopey 16-lmes of profiles. Yeaisev dngarae B Fir P Tungwska  Chama Yenisewsk  va-

navara Bayxit,
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and cvaporitic deposits accumulated. Since
the Sukhopit tme. the re-orrenration of the
basin i the north—south direction has oc-

curred; carbonate—shale and partly
terrigenous. organic-r'ch deposits
accumolated ™ the narrow  and  deeply

downthrown blocks of the faults. At the same
lime, magmatic processes activated mn the rifts
and within the island arcs =%,

Such regime of development is related to
opening of the Kas—-Yenisey margimal sea. At
that time the Sukhopit—Tungusik bzsin not
only extends in the north—-sauth direction, but
partly having inherited a primary cast—west
origntation, intrudes nio the North Asian
craton as a wide bay, predetermining the fu-
ture structure of the reentrant I,

2. Dur:ng the first half of the Late Riphean
(up to 830 Ma), the accumulated volecano-
genic-sedimentary lavered strata have under-
gone stronng  fold-nappe deformations, which
were mos? clearly expressed in the west of the
present-day Yenisey Ridge. The intensity of
maginatisin, deformations, and metamor-
phism becomes weaker towards the east, in
the direction of the Bavkit zone, and afttenu-
ates completely m the vicinity of Vanavara.

3. After the break and active short-term
denudation, sedimentation repeatedly recom-
meneed in the study area. It focally occurred
in the Chingasan basin, which preserved the
teatures of intermontaneous trough; the Pre-
cambrian ceposits of the southeastern West
Sibenan Plate also formed in the basins of
Chingasan type ™ *L During the Vendian,
transgression becomes more widespread and
stable. Polyfacies terrigenons—sulfate—
carbonate and evaporite sediments accumu-
lated (n the exiensive shallow-water basin,

In this peried, the structural and geody-
namic conditions were less favourable fot

accumulation and preservation of organic
matter. The Riphean deposits entered the
zones of generation and forimation of hyvdro-
carbon pools. The Cammbrian regional seal
composed of salt strata favoured thetr
preservation.

4, At the end of the [aleozoic and begin-
ning of the Mesozoie. the Yemsey-Bavkit
region underwent arch-block deformations.
Compression and relative imovement of indi-
vidual plates between the Angara and Tun-
guska blocks have been confirmed by poorer
deformartion of the Riphean—Vendian—
Paleozoic layered strata from the Yeuisey
Ridge to the Bavkit region. West of the Vel-
mo fauli, both fold and fault deformation are
not observed [ °! This is also evidenced by
folding features in the northern and southern
parts of the Yenisey Ridge, where the foided
sequences of the basement are commonly
outcropped in the cores of narrow antclines
and tke young (Permtan—Triassic) deposits
are preserved o the troughs of synchinal fotds
185 The steep flanks of the pre-Riphean
basement seem to outcrop in these Zones.
within which the margmal perts of the
pre-Baikalian folded complex, bounding the
Riphean Yenisey—Baykit reenmrant, wedge
out,

5. During the Mesozoic and Cenozoic, the
study area underwent upwarping. Since the
Early Triassic, the westerm margm of the Si-
berian Platform, together with the Kas mu-
croconttinent, has been overlapped by sedi-
ments of the West Stberian Plate from the
period of accumulation of nft volcanogenic
and volcanogenic—terngenous deposits. With
regard to the plate, the Yenisey—Baykit block
serves as a shield.

In the Tarim Platform, the beginping of the
Latc Precambrian is defined by the boundary
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of 1.85 Ga. The Late Precambrian includes
the Middle-Upper Proterozoic (1.85-0.85 (a)
and the Sinian (856-370 Ma), i.e., the Neo-
gean stage of development here starts earlier
than in the Siberian Platform.

Six stages have been distinguished in the
Neogean histary of the Tarim Platform, The
agge houndaries between them are frequently
uncertain ',

I. The Middle-Upper Proterozeic velcano-
genic-sedimentary  formations oceur in the
marginal salients of the platform and in the
central parts o7 its bordering folded struciures.
These deposits are supposed to torm in wide
troughs only in the periphery of the platform.
Correlation with the scctions of the Stberian
platform and other platforms has been con-
sidered repeatedly 'Y The distribution of
carbon-conlaining deposits and seals i the
sequences of the same age Is rather similar,
By analogy with the Yenisey-Baykit region,
high oil and gas potential can be also sug-
gested for the Riphean depesits in the Tanm
Platform, though (he quantitative estimation
of resources 18 still difficult due to lack of
actual data,

2. At the boundary of 850 Ma, the Mid-
dle-Upper Proterozoic deposits have been
dislocated, that completed the formation of
the Tarim Platform basement ™'/,

3. The Sinian-Early Paleosoic stage [s char-
acterized by a slow subsidence of the area and
accumulation of mainly carbonate deposits.
The north-souih oricnlation of facies zones
becomes evident during the Cambrian. Here-
with, they extended north and south of the
present-day platform, which 15 caused by
large stzes of the cralon during the Early Pa-
leozoic. Shallow-waler shale-carbonate sedi-
ments, in places containing gypsum, aphy-
drites. and salts, accumulated in the western

part of the Tarim craton. To the west, this ta-
cies  zone  was  replaced by bichermal
limestancs and flyschoid strata. This zenation
is particularly cvident in the Ordovician de-
posits. Magmatic activity is widely expressed.
The Sinian basaltic and rhyolitic tuils are the
oldest in the cover . The Aibihus niove-
menlts, which manifested themselves at the
end of the stage, were responsible for the
formation of a series of large anticlines and
sviclinegs. Oil source rocks m the Cambrran
and Ordovician deposits have been detected
in the northern trough, as well as in the Norta -
and Central Tarir uplifts.

4. The Silunian Permian stage is character-
ized by a gradual change of marine regime of
sedimentation nlo continental one. This is
expressed in migration of sedimentation re-
gions. differentigtion of vertical movements.
repcated chanpge of marne sediments into
continental ones in the section, activation ot
faulting, and a wide manifestation of magma-
lism. A sertes of unconformitics and breaks
has been disunguished. Thrust faults, nappes
and wrench faulis are of importance in the
marginal zones of the craton 0B At (hat
time no classic folded enscmbles and accom-
panying orogenic structures have formed:
marginal troughs or similar elements have not
formed in the margins of the Tarim Platform.

Organic-rich o1l source rock horizons and
overlying scals have been identified in the
Middle—Upper Palcozotc polyfacies and dif-
ferent-type formations. In particular. the o1l
source rocks in the Carboniferous deposits are
considered to be one of the main hydrocarbon
sources i the Tarim Platform "' L Oil-
and gas-bearing complexes have been distin-
guished in the Silurian and Carboniferous
maring sandstones; oil and gas pools have
becn found in them in the North- and Cenrral
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Tarim uplifts.

5. During the Mesoroic—Cenozoic stage,
lacustring, lacusirine—marshy and fluvial ter-
rigenous scdiments with coal horizons accu-
rulated in the intracratonic depressions and
foreland troughs of the Tarim Platform =1
The Indo-Sinian (Trassic), Yanshar (Juras-
sic and Cretaceous) and Himalayan (Cenozoic)
tectonic movements affected the accumula-
tion of oil source rocks, the hvdrocarbon mi-
gration and formation of their accumulations.
Antictimal, stratigraphic. and struc-
rural-tectonic traps formed and the surfaces of
unconformities and faults could serve as mi-
gration passways.

(il and gas pools have been discovered 1n
the Jurassic deposits of the Kuchal trough. 1n
the Neogene deposits of the southwestern
trough, and in the Triassig, Jurassic, Creta-
ceous. Paleogene. and Neogene strata of the
North Tarim uplift,

6. The Himalayan orogeny completed the
formation of the structural configuration of
the Taiim Platform and its bordering
told-nappe orogenic structures. At that time
the nlatform developed in a ramp regime. Fal-
ling behind the bordering orogenies by up-
warping, it playved tae role of a large inter-
montane depression, filling with terrigenous
sediments, Compression of the platform from
the north and south led to the deformation of
pre-Mesc—Cenozoic surface and formation of
deep (to 7-9 km) forcland troughs, With 1n-
creasing the distance from the bordering, the
troughs become shallower and disappear at all
in the central part of the platform,

Finally. we shall emphasize some similar
and different features of the characterized re-
gions in ierms of their geologic history and
estimation of geodynamic prerequisites of the
petroleumn potential,

in the Tarim platform and in the woastern
part of thc Siberian Platform, the Ar-
chean—Proterozoic  erystalline  basement i3
overlapped by moderately distocated vol-

Upper  Protero-

canogenic—sedimentary
zoic=Phanerozeoic cover. The Upper Protero-
zoic formations similar in depositional enyi-
ronmenis and matter composition are the old-
est i the covers. In the western Siberiun
Platform, cxtensive centers of ol and gas
generation and o1l zad gas accumulanon
sones are associated with the Ripliean strata,
large hvdrocarbon pools have been discov-
ered and their petroleum potential 1s estimated
as very high. The petroleum potential of coe-
val deposits in the Tarim Platform has not yet
determined reliably, but there arc regional
geodwynamic prerequisites for this.

Curing the Siman—Ordovician stage of de-
velopinent, the swata of marine scdiments,
comparable in thickness. accumulate in the
compared regions. The most tnportant dif-
ference 1s a wide distnbution of thick halo-
gene formations in the Siberian Platform and
their sharply subordinate rolc in the Sinian
and Cambrian sections in the Tarim platform.
A reverse relationship is observed in the de-
velopment of glacial deposits and manifesta-
tions of rift magmatism.

Unlike the pre-Silurian events, the geody-
paleo-

namic of developirent.

regime
geographic conduions of scdimentation and
matter composition of the Middle—Paleozoic.
Mesozoic and Cenozowe deposits are charac-
terized by princtpal differences.

in the Yenisey—Baykit region, the marme
conditions of sedimentation which appeared
in the Riphean, arc traced until the end of the
Paleozoic; the change of geodynamic regimes
cceurred at the Palevzoie Mesozoic boundary.
In the Tarim Platform, a sharp ckange of ma-
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rine, subinarine and centinental sedimentation and Cenozoic deposits (to 8 km) are wide-
occured as early as in the Silurian and spread and large oil and gas pools have heen
high-amplitude tectonic differentiation is dis- discovered in some horizons. At this ttme in-
tinetly expressed. which ended with setting m tense crogenic movemems occur in the bor-
the continental regime, Intermittent was dering mobile belts. They created fold-nappe
conditions, favourable for the formation of o1l structures and irduced the cover deformations
source  formations and accumulation of in the rmarginal zones of the platform,
regionally continuous seals. The above features of similarity and dif-

During the Mesozoic and Cenozoic the dif- ferences in the structure and development of
ferences between the regions were still more the platform regions of LCastern Siberia and
contrasting. In the $Siberian Platformn the de- North China should be taken into account in
posits of this age are almost absent, though in their further study and estimation of the pe-
the adjacent area of West Siberia they are treleum potental of heterochronous com-
ubiquitous. In the Tasim Platform Mesezoic plexes.
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boring ferritones.

Tre purposeful investigation of the West
Siberian Plate commenced in the 1950s with
the discovery of large hydrocarbon reserves in
its interior. Construction of various structural
and tectonic models of the West Siberan
Plate is of particular importance for under-
standing its tectonic structure and thus allows
more reliable assessments of the regional pe-
troleurn potential. Currently available compi-
lations such as tectomic maps and schemes of
the West Siberian Plate (WSP) which were
made in various vears by N.N.Rostovtsev.
F.G.Gurari V.P.Kazarinov. V.S.Bochkarev,
K.G . Boyarskich, A.E Kontorovich.
K.[.Mikulenko, L1 Nesterov.
MoYa Rudkevich, V.5.Siaroseltseyv,
Vv .S.Surkov and other investigators, played a
significant role in examination of the tecton-
1cs of the WSP’s sedimentary cover. Each of
the proposed models was based on the avail-
able geological and geophysical data. Infor-
mation accumulated by this time as well as
the newly-elaborated orocessing techniques
gnable us o construct regional models de-

PR in geology. His current research interests include regional
geciogy and tectonics of pelroleum basins in Siberia and neigh-

scribing a structure of the WSP's cover a1 a
new quality level, The present study debates
one model characterizing the fault «cctonics of
Jurassic deposits. which constitute the lowcr
horizons of the northern WSP (Fig.1).
Concepts of fault deformations of the plat-
form covers are generally based on the analy-
sis of structural maps, which provide informa-
tion on a relief of lithological. age or geo-
graphical boundaries. Choosing the bounda-
ries for the construction of structural maps
depends on their geological significance and
persistence in area. Application of geophysi-
cal data in structural reconstructions has been
predetermined by a paucity and irregular dis-
tribution of deep wells penetrated the lower
horizons of the cover in the northern WSP,
The CDP data played the governing role. A
network of regional CDF seismic lines uri-
formly covering the northern perts of the
Plate. outlines the structure of Jurassic depos-
its by reflecctors B and T, whereas the lower
distribution limit of these deposits coincides
roughly with the reflector Ta 'l The reflector
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Fig.1 Fault tectonics map of Jurassic complex of the sedimentary cover in the northern West
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Siberian Plate (compiled by A E. Kontorovich, 8. Yu. Belyayev. E.V.Deyev, 5.V Zinovyev).

1 2-first-order structures: la positive. 1b negative, 2-intermediate (monoclines}); 3 -second-crder
structures (a—positive, b negative): 4 -conncetion structures {saddles ) 5 —structure boundaries {a—first-
order. b—second-order). First-order positrve structures (1 —29): [ -North Yamal megaswell {1 -Malyemn
swell, 2—Drovyanoy swell), 2-Middlc Yamal arch (3- North Tambey swell, 4-South Tambey domal
uplift, 3—Pekseda d.n.), 3—North Gydan arch (6 West Zoleniy Mys d.u., 7 E.Zelenivy Mys d.u.), 4—
Nurmin megaswell { 8—Kharasavey swell. 9-Bovanenkovo d.o.. 10 N Arctic swell. 11-58. Arctic
swell), 5—-E.Bovanenkovo megaswell (12—E.Bovanenkove o). 6 Oydan arch { 13- Gydan dou). 7-
Napalkove megaswell { 14-Geofizicheskoye d.u.. 13-Trechbugom:y swell), 8 -Tanama—Ust'—Port
arch, 9-Messovakha megaswell { 16-Lower Messoyakha swell, _7 Lower Totoyakha du., 18-
unnamed d.u, 19- Middle Messovakha swelly, 10—Shchochiv salient. 11— 8.Yamal megaswell (20—
Noviy port swell), 12- Yamburg megaswell ( 21 Yawmburg du), 13 Yarudey megaswell, 14—
Medvezhiy megaswell (22-Medveshiy swell), 13- Pestsoviy megaswell (23-Pestsoviv swell), 16—
Lower Pur megaswell {24 —Central Urengov swell). 17—Tanlov megaswell {25-Yubileynoye d.u., 26—
Yamsovey swell). 18- Chasel'ka megaswell (27-5 Russkiv swell, 28—Russkiy swell, 29-Russko -
Rechenskoye du ), 19-Tol'ka megaswell (30-N.Tolka swell, 31- Tol'ka d.au.), 20-Krasnosel"kup
salient (32-Krasnosel kup d.u., 33-Shirtovo swell), 21 -Kharampur megaswell (34 —Kharampur swell).
22 Frypur megaswetl { 35-W . Tarkosale swell, 36-Inguzem d.u., 37-Etypur swell), 23-Northern arch
(38 N.Gubkino swell, 39 Purpe swe,. 40-Pyakupur d.u., 41 Upper Tanlova swell, 42 -Muravlenko
dut 24-Vyngapur megaswell (43 Vengavakha swell, 44 Vyngapur du), 25-Surpur arch (45—
Trow Yegan trough). 26 -Tagrin megaswell {(40—Yarayner d.u.), 27-Upper Tol'ka mcgaswell, 28
Lyamino erch, 29- Var Yegan megaswell. The numbers and the naines of second -order structures are
givert 1 brackets. First-order negative struciures {30—48): 30 Scvakha mega-trough (47-unnamed trough. 48—
Pyasvadayakha trouph, 49-Tivteyakha trongh. 30 Pyvakovakha trough). 31-Upper Tambey mega-trough (51-
Uppe~ Tambey trough). 32-Khabivakha megatrough (52-Drovyenaya trough, 53-Mongleyakha troagh), 33—
Tadebyavab.ha mega-trouph { S4-Tadebyayakha du., 35-UpperYasas evakha wough, S6—umamed trough), 34
L.Basdaraickiy mepa-trough (S7—unnamed trough. 38-Murtyyakha trough. 59 Upper Yayakha troagh), 35-Ann-
Payuty mega-trough (60-Yartovakha dou., 6! Syda trough, 62—-F.Anti-Payula trough}. 36-Baydaratskiy mega-
rough (63- W.Noviy Port trough), 37-Parus mega-trough (64-Adempayuta rough, 65-unnamed trough), 38—
Bot'shaya Kheta mega-depression (66— Yurkharov swell, 67 Olikumun swell, 68-Khbal mer-—-Pavuta d.u., 69
unnamed depression, 70 mnamed rough, 71-Khaduttey trongh, 72-N.Taz depression. 73-unnaimed depressian,
748 Messc yakha depression). 39-Neruta mega-depression (75 Upper Nyda depression, 76-unnamed depression.
77-W.Urengoy depressicn. 78 unmawmed trough), d40-Nadym mega-depression (79-Kheta d.u. &0 unaamed
trough. &1-Upper Tanlova depression. 82-Upper Khevgivakha trough. 83-Left Kheta depression), 41 Middle
Pur megu-rough (R4-C Tarkosale du. BS-Wkorotchayeve depression. R6-Yagenetta depression, §7—
N.Kherampur depression, 88 -5 Kharampur depression). €2- Lower Taz mega-depression (89 Lower Taz depres-
stor). 43 -Middle Taz mega-trough, 44-Lysnno—Tanlovo mega-trough {90-W Vatlor d.u.. 91- Vinglor depres-
sion. 92-E. Vynglor trougt), 45 Pvakupur—Amputa mega-trough (93—E.Purpe trough, 94 Pyakupur trouglt. 95—
Ampua troaghl. 46- Yarayner— Ebvpur mega-trough (96 Erypur rough, 97-Yaraynor depressicn). 47-Upper
Agan mega-trough (9% E.Kharampur depression, 99 unnamed trough. 100-Upper Agar trough), 48-Kas mepa-

trouga. The numbers and the namus of second-order struciures are given in brackets.
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Woanaclines 148- 573049 Yuribey, 50 Novty Port, 51-Upper Poluy, 32-N.Surgut (19] LUpper nadym dou., (92

Kollektivaoye du., 183-Noyabrisk du, 104 trur du., 105-Kholmogory d.a.. 106-Pogranichnove dou.. 107

= -

Saimtar trough. 108- Soim depression. 108 unnamed depression). 33-Upper Tol'ka, 34—Khadyr-Y akha (110-

Urengoy du, 111 unnamed depression), 35-Tag {112-Tas dou., 113-Ust’ -yourdevakha du, 114 Zapolyarnoye

d.u. ), 36-Sidorov—Snzun, The numbers and the names of sceond-order structures are given in brackets.

Connection  structurgs  {I-X XX

IV Dron yanava,

Il S Tambeyv., 1V

lI-Middle Pywvakoyakha.

E.Bovanenhovo, V-N.Pehseda, VI-Yaptik Sale. VII-Lanz. VI-Ventoy, IX 8 Yuribey. X N Yamburg, Xi

Kharvgtayakha, XH-Noviy Porr, XHI-8 Y amburg, XiV-Nyda, XNV-Upper Khadutta, XVI-Middie Tab'vakha,

K1 Tukelanda, XV Shuga. XIX Pangoda. XX S.8cdasakha. XXI=Yamsovev. XX Chasel’ka, XXIIl-
Wolarkosale, XXIV S uravtenkovo, XXv-F Vengavakha, XXVI-F Kharampuer, XXVI-N.Tol ka. XXVIil-

Shirtovo. XXIX-3iddle Etyvpur. XXX-Yarayner. XXX1-8, Vyagapur,

B is the best expressed and ciearly traceable
throughout the most territory of the Plate. Iis
wide areal extent together with the dnlling
and log data allowed this reflector to be con-
fidentiy ascribed to dark bituminous argillites
of the Bazhenov Formation. The only excep-
tion is the interfluve of the Nadym and Taz
rivers, where the tracing of the reflector B on
seismic lines has been somewhat hampered
by alteration ot the composition of sediments.
Bitminous argillites which crown the Upper
Jurassic section are substituted by the Marya-
nov Formation deposiis. The latter is com-
posed of argiliites with siltstone and sand-
stong nterbeds. The Maryvanov deposits are
considered to be wransitional from the western
type of Upper Jurassic sections (mainly argil-
laceous Bazhenov and Georgiev Formations}
to the eastern one characterized by sandy-
argil.aceous composition and anomelously
large thickness (Upper Sig subformation and
Yanovstan Formation). A change in lithology
of Upper Jurassic rocks (increasing sand con-
tent of the sequence and loss of bituminosity)
undouabtedly affects the reflection 1mages.
That 1s why the clinoform retlections By, de-
picting the Yanovstan deposits ', and sub-
horizontal retlections By, and By correlating
with the tops of the Sigov and Vasyugan

Formations, respectively (Galunskiv V.AL
1993), appear in reflection-time sections in-
stead of the wave B. A generalized map has
been constructed based on the retlector Bag
hecause it delineates a top of the Jurassic sub-
horizontally stratified scdiments.

A regional structure contour map through
horizons B-B., (Fig.2) was constructed nsing
a computer mapping technique [ that enabled
us to make reliable correlation between maps
with the contours of differenl scales (from
1:530 000 1o 1:200 000} and qualizy. Construe-
tion of the maps has been always controlled
by deep driiling data bases. The most com-
prehensive structural map of the Jurassic
complex was used as a basis for creating a
map of fold tectonics of Jurassic deposits of
the study area.

The map showed in Fig.l indicates ditfer-
cnt-order fold dislocations. Their morphology
{sice. a degree of closeness and isometrisity)
and a character of coordination were used as
the underlying criteria for their delineation
and classification. A morc detaifed struerural
map used as a basis for map construction al-
lowed a picture of fault dislocctions to be
more  accurately  delineated and be ever

changed in principle in a number of cases.
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The two systeirs of swells and troughs
separating them are the most contrasting. The
first systemn (Pur Nadoyakha} is characterized
by 2 combination of positive and negative
structures of submeridional and north—west
orientation.  The procedure of  morpho-
tectonic analysis of a relief of sttuctural sur-
faces ™ enabled 4 more detailed and accurate
mapping of the inner structure of a system. A
number of regions has been recognized within
the Nadym Taz icterfluve. These are the
Tarko—Sale. Pur, Russko—Chasel’ka, and
Tel'ka regions. which differ by a structure,
orientation of morphostructures, a type and
Degree  of disscction, amplitude-gradient
characteristics of the structural surface relief.
block non-
uniformity of the Jurassic deposits'sl. The
most cortrasting manilestation of faul: struc-

tures are observed in the Tarko—Sale and

These regtons  reveal the

Russko—Chase!l 'ka regions,

The Tarko-Sale region is located in the
interfluve of the Nadym and Pur rivers. The
structures recognized here are being traced
further northwestward and complicate a struc-
ture of the Jurassic complex within the inner
part of the Plate {central Yamal peninsula)
and its western slope (Shchuchiy salient,
Yurihey and Noviy Port manoclines). The
structire >f the regton appears as a belt, en-

cche.on svstem of contrast swells and troughs.

Most of" tem are characterized by asymmet-
rica. profile and step-like structure. The 1ops
of positive structures and the bortoms of
negative onc arc separated by slope zones
with highly-variable amplitudes ranging from
400-300 to 1200 m.

The conjugate Chasel'ka mega-swell, Mid-
dle Taz wrough and Lower Taz mega-
depression are recognized in the ceniral

Russko Chascl’ka region. The amplitude
variations exceed there 600 m,

The Messoyakiia—Gydan system of fault
dislocations of sublatitudinal and northeastern
orientation is located discordantly to the Pur-
Nadovakha system. The most intensive dislo-
cations are typical of the Bol'shaya Khea
region P11t is characterized by sharp vana-
tions in amplitudes of a top of the Jurassic
complex within one siope. For example, they
reach 2000 m on the Messoyakha mega-swell.
The deepest mark of the Jurassic complex top
(over 4700 m) is observed in the Bol'shaya
Kheta region.

High amplitude-gradient characteristics of
slopes of most of faults identiliable mn the
Pur-Nadoyaki:a and Messoyakha- Gydan sys-
tems are likely to indicate disjunctive limita-
LLOmS,

The Nadym region Bl isomenic i a plan-
view ‘s distinguished in the southwestern part
of the study area in addition to the two above-
mentioned belt systems. Its southern part is
recognized as the North Surgut monochne,
which passes to the north into the Nadym
ncga-depression.

Plotting the base of the Jurassic complex I,
deep seismic profiles may help exammation
of the behavior of fault structures identitied in
a vertical section. A combination of structural
maps, fault tectonic maps and seismic profiles
can serve as the morphological frame of a
mode! for the present-day tectonics of Juras-
sic deposits in the lower part of a sedimentary
cover of the northern West Siberian Plate -,

A fault lectonics model for the Jurassic
complex is essential for cvaluation of ity re-
gional petroleum potential that is confirmed
by analysis of the oil, oil‘gas and gas pool
localion within Jurassic scetion. It has been



Symposium on Petroleam Geology of Tarnim Basin in Ching and Siberian Platform in Russta 2G

revealed that 65% of the Jurassic pools lo- 19%. among the pools situaled within first-
cated in the Nadym-Taz interfluve were as- order negative and intcrmediate structures. arc
cribed to first-order positive structures (mega- controlled by second-order positive structures,
swelis, arches and saltents), 13% to first-order The remaining pools are assoctated either
negative structures (rmega-troughs and mega- with local positive structure or lithological
depressions). and 19% to intermediate struc- traps.

tures {saddles and monoclines). Additional
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Influence of Traps on the Petroleum Potential
Sedimentary Basins with Intense Trap Magmatism
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A.E. Kontorovich !, F.V, Khomenko 1. 1.M. Burshtein 1, A.L, Pavios 2

(! tastitute of Potioleunm Geology SB R4S, Novesibirsk: 2 Intitute of Gealogy SB R4S Novosibirsk, Ririia)

Konforovich, AE. — bormn in 1934 Academician. Director of Instituie
of Petroleum Geology. Siberian Branch, Russian Academy of Sci-
ences. 1956- graduated from Tomsk Stale University in physics. 1964-

iy,
o A

Y, i

Sedimentary basins {SB) with intense trap
magmatism, which manifested itseif during
one or another stage of their geologic history,
are distributed over almost all ancient plat-
forms of the world. Numerous intrusions of
high-temperature and mobile basic magma
into the platform cover essentially affected all

ki

parameters of sedimentary rocks controlling
both the hydrocarbon (HC) generation and
preservation and the quality of oil and gas
accumulations 1 host strata, This circum-
stance s responsible for equivocal prediction
of oil and gas potential in these regions. To
assess reliably their prospocts. it is necessary
that the trap influence on petroleum potential
of the regions with a wide distribution of ba-
site mtrusions should be taken into account.
Imvestigations, carried out in [PG SB RAS
and SNIIGG&MS. provided the opportunity
to reveal the main criteria of trap influence on
the petroleum potential of host deposits |
and to develop the principles for predicting
the petroleum potential of sedimentary hasins

held a PhD in geology. 1968 — D.Sc. in geology. His current research
interests include petroieum geology, organic geochemistry, analysis ol
hydrocarbon resources and economic evaluation of the development o

Russia's fuel and energy complex

and regions with intense manifes:ation of trap
magmatism | They were pertormed in sev-
eral s1ages.

During the first stage, based on geologic
and geophysicel data, a model of a basin is
reconstructed by the moment of onsat of in-
tense manifestation of magmatism, and oil
and gas resources of the basin al that period
arc cstimated using a routine technicue.
Methods for estimating HC resources in
poorly explored petroleumn basing and for
predicting their distribution in
three-dimensional

been developed by onc of the authors earlier
l}]

space, have
I8,

geological

The second stage of such estimation is the
construction of models of sills. magma-teeding
conduits arnd dikes in the sedimentary cover for both
the whole region and its individual areas promising
for oil and gas. This is made on the basis of studving
natural cutcrops and analysts of geological sunvey,
deep drlling. seismic survey. gravity and magnetic
prospecting, and drilling data. Firstly. the
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sectons of individual boreholes are con-
structed which show the arcas of localization
of source rocks, reservoirs and intrusions.
Then, the geologic sections characterizing the
position of intrusions relative to individual
rescrvoirs and oil source {ormations are con-
strucled from borehole and geologic survey
data. taking into account geophysical Investi-
gations (in the first place. scismic explora-
tion]. The constructed sections serve as a base
for isopach nmaps of sills which arc comained
in particular stratigraphic subdivisions of the
sedinentary cover. These maps also show
magma-feading conduits and 7ones of mass
transition of sills from one hvpsometric level
to another The range of stratigraphic subdivi-
sions. for which such constructions arc made,
is defined by the number and total thickness
of sills contamed i them. Taese construc-
tions are obligatory for the intiusions located
near 211 source rocks and regionally continu-
ous reservolrs. Based on such geological ma-
terials, small-scale constructions are made for
the sedimentary cover of the whole SB that
allows the identification of gencral regulari-
tics of distribution of trappean intrusions
across an area and section. This reconstruc-
tion of the framework of magmatic bodies n
the sedimentary cover and correlation of ma-
jor petroleum-gencrative and productive sub-
divisions with the sedimentary cover enables
us tc ascertain the following.

- The character of relationship of structural
configuratons in different stratigraphic sub-
divisions of the sedimentary cover that, in
turn, would cssentinlly  specify  the hvp-
sometric position of the productive horizons,
projected sections of deep stratigraphic and
wildeat boreboles to be drilled. as well as
scismic geologic models. on which geologic
interpretation of  seismic  observations  is

based.

To outline the zones of high-fractured
rocks that would allow the localization of the
secondary high-porous {ractured reservoirs.
tormed due to decrease in volume of magma
during its hardening and located in both endo -
and exocontacts of rappean bodies, as well as
the newly-formed migration paths of fluids
controlled by intrusions.

- Besides, the models constricted would
provide the basis for fulfillmg the third stage
- the reconstruction of maxiniun tempera-
tures ol sedimentary rock heating and creation
of 3D-model of maximum geotemperatire
field which existed in the basin immediately
after magmatic activity had ceased. The tech-
imiques of determining the maximum tem-
peraturss of sedimentary rock heating have
been developed in the United Institute of Ge-
ology, Geophysics and Mineralogy SB RAS
19 “], the main statements of waich are re-
duced to the following,

» Emplacement of magmattc bodies 1s as-
sumed 1o occur successively and the preced-
ing intrusion had time 1o cool up to back-
ground temperatures by thc moment of for-
mation of the following intrusion o,

- Based on previously constructed sections,
therma.-physical modebng of heating of
sedimentary rocks by tfrappean infrusions was
made according to particular geological con-
ditions of the study  arca, provided the se-
quential emplacement.

- Calculauons performed are confirmed by
bimineral thermometers used in tke particular
geologie situation. In particular, 't is reason-
able to use a calcite-dolomite geologic ther-

for the sections. which are domi-
L]

mometer
nated by carbonate rocks
thermometer, most suitable among those con-

. 10
sidered in '™

. In other ¢ases, a

.15 nsed.
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Based on the obtained data and geological
malerials, models of maximum heating of
sedhimentary rocks are constructed in the fonn
of geological profiles that allows the assess-
ment of the size of zZones with defferent de-
grees of heating -- from the zones of maxi-
murn temperatures located in exoconiact paris
of the section 10 zones of normal catagencsis
temperaturgs.

- Maps of heating of productive horizons
ars drawn, bascd on which conation of  the
area was then made by degree of heating in
the different parts of the sedimentary cover by
magmatic heat.

Use of these materials provides the oppor-
tumty to reconstruct the temperature regime
of he sedimentary basin interior during a
maximum development of trap magmatisni.
In tumn, this makes it possiblc to ascertain the
size of zones with differeni heating degrees -~
from high-temperature zones, where organic
matter (OM) and naphthides have been com-
pletely metamorphosed to form 1nsoluble
stages, to zones, where OM 1s capable to gen-
crate hydrocarbons of variable phase compo-
sition. Besides. it becomes possible to ascer-
tain the parts of the section and rock volumes
which afier wap emplacement were involved
in the zone whose conditions corresponded to
the main sone of o1l generation. In the first
place. this 1s the upper part of the sedimemtary
section, which. prior to trap emplacement has
not reached depths where HC generation be-
comes possible during a normal evolution of
the basin.

Determination of maximum temperaturcs
of heating of sedimeniary rocks and 1dentifi-
cation of magmatogene temperature zonuiion
made it possible to specify the processes of
interaction of HC fluids with formation wa-
ters and host rocks induced by magmatic heat.

To ascertain the degree and scales of trans-
formation of HC components and their host
environment. chemical-kmetic modeling of
such processes was made based on the princi-
ples of equilibrium thermodynamics., It was
performed within the range from lemperatures
of normal catagenesis to temperatures of
maximum heaiing of host formations
near-contact zones of trap intrusions (254’00U
(). Lithology of sedimentary formations fifl-
ing in the sedimentary basins is variable,
There are basins  with mainly  sui-
fate/carbonate {Tunguska}. temrigenous alu-
mosi.cate (Pzrana) and mixed type (Karroo)
of sediments, Correspondingiv, the models
were created for both sulfatecarbonate '
and terrigenous aluniinosilicate matrices. The
main results of the work performed is as fol-
lows,

- At tempenatures abore 5007 C (ie.. in
narrow near-contact zones) almost pure car-
bon 1s remained in the system if hydrocarbons
are present; complex hydrocarbons are in-
tensely destructed within the range of tem-
peratures of 300-500° C and hydrocarbon
gases are sharply dominated by methane,

- sulfur-orgaaic components {mercaptans),
the composition of which is simplified with
increasing temperature, arc newly formed in
the system where the matrix is represented by
silfatescarbonate rocks in liquid phase. Be-
sides, the chemical composition of hydrocamon
compounds is simplified. In gaseous phase, carbon
dioxide and hydrogen sulphide content increases
with mereasing temperaturcs, in HC gases the
amount of sweet components shamply decreascs
and mchane content increases. In solid phase,
calcite 15 newly formed, dolomite and anhvdrite
are destructed, incucing the appearance of secon-
dary porosity in oil-contaming rocks. If anhydride
Is m excess i the system. hydrocarbon gases
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{at temperatures above 3009 C) are almost
abscnt, and carbonic acid gas and hydrogen
sulphide are major components; native sulfur
appears m ‘he composition of sedimentary
rocks, the amount of which monotonically
increases with temperature.

- In the system where the matrix 1s repre-

epidote and graphite. The amoun- of the latter
dircetly depending on the content of HC
components in the system. At temperatures
above 3009 C amphibole appears in appreeia-
ble quantities.

Modeling results are confirmed by the ac-

tual data acquired when studying o1l and gas
[12.

deposits of the Tunguska petroleam basin

sented by sedimentary aluminosilicate rocks,
13,14, 1]

decompaosition of complex compounds and
The above criteria of trap influence on pe-

troleum potential of sedimentary basins allow
essential corrections to be ntroduced into

removal from liquid phase of sulfur, mainly
transforming inte a sulphide form and partly
hyd-ogen sulphide, occur in HC fluid. (rase-
ous phase ts enriched it methane, carbon di-
and mtrogen-containing

i

quantitative estunation of hydrocarbon rc-
sources already at this stage of investigations
in the areas wita inlense manifestation of trap

oxide, hydrogen

compounds, Host deposits are transformed

into quartz—chlorite—illite—tale rocks with magimatism,
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The Paleozoic and Triassic Petroleum Potential
of the Central Regions of West Siberia

(new data and petroleum potential)

N.P. Kirda, N.¥, Sennikov. E.A. Yolkin, M.A. Levchok

{nsditure of Petroleum Geologn. SB RAS)

The main reserves and estimated resources
of 0il and gas in West Siberia are newadays
associated with  Valanginian-Hauterivian
(Neocomian), Berriasian-Lower Valangiman
{Lower Cretaceous}, Upper Jurassic, and to a
less extent with Lower-Middle Jurassic de-
posits. The West Sibzrian petroleum basin’s
potential are not however restricted by the
revealed potential of aferementioned strati-
graphic intervals. The resulis of investigation
and explorat:on obtained during the last dec-
ade by the Institute of Petroleum Geology SB
RAS and by exploration and production ¢n-
terprises. accordingly, enable a sclentific
forecast of raw material resources occurred in
deeper buried complexes of the Lower Juras-
sic, Triassic and Paleozoic.

The West Siberian petroleum complexes
are characterized by different levels of ther
knowledge. Lower Cretaceous and Upper
Jurassic deposits arc the best cxplored by
geophysical survey and drilling. The poorer
cxplored are Lower Jurassic deposits which
have been penetrated by sparse wells. As re-
gards the Pre-Jurassic sedimentary and vol-
cano-sedimentary complexes, they have been

Kirda, N.P. — born in 1838, Leading researcher in the Institute of Pe-

= *‘i troleum Geology, Sibenan Branch, Russian Academy of Sciences.
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penetrated only by few wells and thus remain
the least explored rarget of West Siberia.

Shatskiy (1932) has made the first forecast
of the Paleozoic petroleum potential. AA.
Trofimuk (1964, 1991) set forth the most
keen problem concerning the Paleoroic
potential of West Siberia, insisting on the
importance of systematic exploration within
new promising complexes associated with
Triassic, Paleozoic and Upper Proterczoic
deposits to increase and keep up production
of hydrocarbon raw matenal.

The natural occurrence of hydrocarbon res-
ervoirs in erosignal-tectonic escarpments of
the Pre-Jurassic complexes overlapped by
Mesozoic deposits was known since [933.
when the first 850 cu m/d inflow of mtrogen-
methanic gas and a gas-waier blowout were
vielded from a well drilled nearby the Maku-
shino railway station and the town of
Petukhovo in the southern West Siberia, ~c-
spectively. The first oil show interpreted as
being of the Paleozoic genesis was obtained
in the Kolpashevskaya key borehole in 1954
{(Gurari, 1959). The first blowout of il from
the upper Pre-Jurassic complex was yielded at
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the Medvedevskoye fleld, Tomsk district, in

1963, that of gas was obtained at thc Kara-

bashskoye field in the south of the Tyumen

district in 1964, Later on, a number of dis-
coveries was made in the Tomsk and Novo-
sibirsk districts, as well as in the central West

Siberia.

The analysis of cores sampled from wells
which penctrated the Pre-Jurassic deposits i
the central West Siberia {Krasnoleninsk,
Salym, Ust’-Balyk, Var Yegan and Nikol'sk
regions) provided the faunal evidences for the
dating of deposits from the following strati-
graphic intervals:

- Lower Ordovician {lower Poludennaya
Fm.: lmestones with argillite interbeds
containing conodonts and trilobites),

- Upper Ordovician (upper Poludennaya
Fm.: limesiones and calcareous argillites
containing brachiopods),

- Lower Silurian {Larino Fm. containing
rabulates),

- Lower Devonian (Var Yegan siratum:
hasaltg, argillites, siltstones, limestones
with zonodonts and tentaculites),

- Muddle Devonian (Yubileynaya stratum:
argillites, limestones with foraminifera},

- Lpper (Luginerls  Fnu:
limestones with conodonts and fishes),

- Lower Carboniftrous (Kekhoreg Fm.:
argillites, limestones with foraminifera),

- Midele-Epper Carboniferous (limestoncs
with conodonts),

- Permian (Yagun and Priozyomaya strala:
argil ites, sandstones, gravclstones with
fishes) (Decisions, 1999).

All Truassic stages were recognized on the
Krasnoleninsk arch. A fragmentary study of

Devonian

them and their composition are given in Fig. 1.

To date, a wide stratigraphic range of pe-
troleum powential of the Pre-Jurassic comni-

plexes has becn confirmed in numerous well
columns of West Siberia. Besides individual
shows many wells yielded oil and gas inflows,
Oil production rates from Pre-Jurassic depos-
its on erosional-tcctonic cscarpments  vary
from insignificant amounts (i-3 cu mwid) to
400 cu mid,

Silurtan deposits penetrated in the south-
cast of the region are the oldest ones 1n which
o1l shows have been revezaled ar large deprhs,
It was recognized that ¢il and condensate
poels are next 10 one other in the Lower Car-
boniferous and Upper Devonian sections
(Notth Var Yegan fleld} in the central parts of
the region. on erosional-tectonic escarpments,
within fractured and karsted terrigenous-
carbonate deposits (Trofirnuk, Kirda, 1990).
In the central regions of West Siberia, com-
mercial oil inflows were oblained from
eroded deposiis unconformably underlying
the Triassi¢ effusive-sedimentary rocks on the
Krasnoleninsk arch at the Utr'yevskoye field
(Kirda et al., 1995, 1997 and other;.

Several independent objectives are recog-
nized within the Pre-Jurassic complex: {(a) a
zone of contact between Pre-Jurassic complex
and Jurassic rocks (Kontorovich et al., 1973):
(b) erosional-tectonic escarpments of Pre-
Jurassic rocks overtapped by lurassic plat-
form and Triassic volcano-sedimentary
depos:ts (Kirda et al,, 1976. 1995, 1997 and
other); (c) deep horizons of the Pre-Jurassic
complex whose Paleozoic stratigraphic inter-
vals contain dolomites. sedimentary breccias
and other types of the rocks with good po-
roperm properties, which are overlapped by
good seals (Trofimuk, 1964; Kontorovich et
al., 1975; Kirda et al., 1976, 1995, 1997 and
other).

Estimating the maturity level of organic
matier from the Paleozaoic strata it 15 notewor-
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thy that dispersed crganic marer is raiher
catagenetically mature (MC;" — AC») (Kon-
torovich et al,, 1975; Ennakov, Skorobogatov,
1988 Vyshemirskiy , 1971; Fomin. 1694,
1995), Density of argillaceous, argillaceous-
carbonate, carbonate and effusive rocks of the
Jurassic varies trom 2.18 to 2.85 gieu om,
thus being within the same range as that of
the rocks from petroleum complexcs recog-
mized on the Fast European platform. PreUral
trough and other petroleum provinces,

The Pre-Jurassic complexes™ sections are
widelv variable in their composition, struc-
tural-formational parameters and a mode of
occwrrence (Fig. 13, Their vanous deposi-
tional histories caused the different formation
histories of reservoir rocks and seals. Hetero-
geuaity is produced by structural forms and
their morphological e.ements, faults, fractures,
zones of stress coneentration, hypsometry and
geometry, mutual orientation of structural-
tectonic torms. lithological composition etc,
(Fig. 23 All Pre-Jurassic complexes are com-
posed of argillites, silistones, sandstones,
conzlomerates, breccias, laminated, argilla-
ccous, clastic and recfal limestones, lavas and
tuffs of various composition (Fig. I, 2). These
rocks demonstrale wide facies changes and
regular replacements in trans:ition from one
structural-facies zone to other.

Revealed on the geologic lengitudinal sec-
tions of West Siberia are the cones of arched
uplifts and shear zoues on their flanks, as well
as zones of synclinal troughs. Their structures
arc comp icated by fractures some of which
are the deep faults. Such large faults must
have been neck chamnels through whiclt the
cffusive aci¢ and basic rocks erupted in the
latle Hercynian and during the Kimmerian
tectogenesis, The largest strucrural forms are

thought to have developed during the main
folding stages. A structural-maierial charac-
teristics of large teetonic units (antechses,
arches, synecliscs, depressions, anticlinal and
synclinal zones) depends also on a strati-
graphic succession of the complexes. Three
slages can be recognized in a structural his-
tory of the Pre-Jurassic sedimentary complex
of the area under consideration. Each of these
stages hias been signified by the development
of structural-formational eompiexes which
differed in their quality: (a) a base complex of
the Pre-Ordovician age (probably Precam-
brian}, (b) a deformed palcoplate complex
aged from Ordovician to Permian inclusive,
and {c) Triassic early-platformal complex.

In the studied West Siberian sections pene-
trated by wells beneath Jurassic deposits the
rocks on erosion-tectonic escarpments have
the factor of opan porosity ranging from 20 to
30 %, that of effective porosity 18-25%. Per-
meability is [2x 10”um. However, the rocks
having the reservoir properiies of porous type
arg not abundant within the Pre-Jurassic comni-
plexes. Ths is accounted for the fact that the
reservoir properties of these rocks strongly
depend on intensity of fracturing, processes of
leaching, recrystallization, dolomitization,
and silicification, geochemical and other sec¢-
ondary factors. The fractures of different ge-
netie types have been distingnished. These are
the diagenetic fractures, stylolites, relcase
fractures., congruent fractures and fracteres
feathering the faults. The aforementioned
fractures developed in various stages of geo-
logic history, hence, have had an ambiguous
impact on the formation of reservoir proper-
ties of the country rocks. This should be taken

into account jn estimation of
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the poroperm properties of rocks and scismic
data interpretation, Leaching played a critical
and fina! role in development of cpigenetic
reservoirs and appears to have been the most
active witain the zones ol stratigraphic and
angular unconformities {erosion-tectonic es-
carpinents, short-term breaks in sedimentation
in the terrigenous-carbonate sections).

The revealed regularities of a geological
structure of Pre-Jurassic complexes (Paleo-
zoic, Tnassic) of the West Siberian plate cn-
abled the petroleum potential to be predicied
in two main directions (Trofimuk, 1964; Kon-
torovich et al., 1975; Kirda et al,, 1976, 1995;
Taik et al., 1997). The first is the potential
prediction for deep-seated (4-7 km} strati-
graphic complexcs of Pre-Jurassic age. The
second is the potential prediction tn condi-
tions of erosion-tectonic escarpments and
clevated surfaces of Pre-Jurassic complexes
overlapped by the Lower Jurassic seals.

The main problems connecied with the first
direction were caused by a great number of
rocks diverse In their genesis and, hence,
¢ompositionn  which
structural-tectonic  sedimentation

lithologo-formational
conslirute
zongs different by stratigraphic filling, thick-
nesses and distribution areas.

While predicting in the second direction, it
shou.d be taken into account that the crosion-
tectomic escarpments were developing during
active rock disintegration and high territory
elevation arier lo the cover {ormation. In the
viciniy o! the Pre-Jurassic base surface, es-
pecially within erosion-tectonic escarpments,
the rocks of Pre-Jurassic complexes are nearly
everywhers disintegrated, karsted and appear
as a massive, capacious reserveir overlapped
mainly by argillaceous deposirs of the Juras-

S1C.

The Triassic voleano-sedimentary complex
is revealed by drilling and setsntic sun ey 1o
overlays unconformaply the detormed and
washed out Paleozowe deposiis. Crusts of
weathering formed during the Pre-Trassic
were confined to this zone of contact. Paleo-
zoic deposits preserved after wash out are
composed of weathered, disimiegrated or kar-
sted rocks which appeared as a massive reser-
voir overlapped by the Triassic effusive-
sedimentary rocks.

The main reservoirs predictable in all sira-
tigraphic intervals of Pre-Jurassic complexes
are of fractured-vuggy and fractured types. In
addition, some pools appear to have been as-
sociated with a massive reservolr oceurred in
reef buildups that is supported by ubiqu:tous
calcarenites.

Based on the avatlable data several oil and
gas discoveries, perhaps fairly large and pro-
ductive ones, can be predicted in Pre-Jurassic
complexes within several stratigraphic inter-
vals;

{1) Reservoired In erosion-teclonic escarp-
ments of Pre-Jurassic complexes in structures
prepared by seismic prospecting along a re-
flector A which corresponds to the upper
boundary of Paleoroic deposits where they
comtact with Jurassic rocks.

(2) Banecath a cover of the Triassic effusive-
sedimentary rocks which overlay unconform-
ably the eroded Paleozoic deposits. This near-
contact weathered layer exhibited favourable
conditions for the formuation of terrigenous-
clastic horizons, as well as of the rocks con-
tainditg epigenelic reservoirs. Otl inflows ob-
tained from under the Triassic effusive-
sedimentary sheet can serve as convincing
evidence for the petroleum potential.

(3) Urder conditions of short-term (hidden)
stratigraphic hiatuses, whose boundarv inter-
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vals are predicted to be of the Devoman-
lower Lower Carboniferous and are pene-
trated wn individual wells.

{4) In terrigenous-carbonate and dolomitic
deposits of the Devonian, Silurian, and Ordo-
vician which were intersceted by indiv:dual
wells and are overlapped by argillites and
argillaceous limestones,

(5) Within large faulted zones which gear-
fracture structural forms arc confined to. as
well as in "he dynamic stress zones in Palco-

linear-focus
and

(%) Under conditions of
distribution  of

which would rtesult

fracturing, karsting

dolomitization in the
presence of non-traditional traps and o1l and
g8 )pheitic Lower Ordovician basal horizons
and. perhaps, given these horizons 1n decper
stratigraphic  horizons of the Vendian-
Cambrian age.

The available data give evidence of sigtifi-
cant hydrocarbon potentiai that can be found
in deep-seated (5-7 km and more) Pre-

zoic deposits and in the Triassic volcdno- Jurassic  complexes of West  Siberia,
sedimentary straiuin, Such conditions could
result in the formation of columnar pools.
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Maps of Distribution of Physicochemical
Properties of Oils in West Siberia
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P.5. Lapin, S.N. Novikova, E.P. Strekhletova
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¢ ! of Petroleum Geology. Siberan Branch, Russian Academy of Sci-
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£ p |  research interests include petroleum geclogy, organic gecchsmistry,

1", F 7 analysis of hydrocarbon resources and economic svaluation of the
l‘ i \W ;," development of Russia’s fuel and energy complex.

In the complex ol investigations of the petroleum
potennal of large regions and in planning oil and gas
exploration activities, the composinon of hydrocar-
bon fluids stadied in detail at the up-to-date level. can
serve a5 a basis for differentianon of predicted oil
resources by quality and also confains information
which allows planning rvegional and cxpiora-
tion-appraisal activities in the definite stratigraphic
complexes,

Repional regularities of changes in composition of
the West Siberian oils direw attention of investigators
even al the early stages of the basin study. The first
schemes of variations in density and sulfur content of
olls were published as early as 1965-19a7 {F. G.
Ciuran, N P. Zapivalov. A, F. Kontorovich, 1. 1 Nes-
terov, A. V. Rylkov, O. F. Stasova, B. P. Stavitskii.
and others). Later, such schemes were repeatedly
constructed mainly in SNIIGG&MS, ZapSibNIGNI
and IG&RGI The general drawback of these skeich
maps was, firstly. almost a complete lack of informa-
tion on the rorthern regions of the mega-basin and
msignificant volume of sampling for the remainder of

West Siberia and. secondly, the skeich maps were

hand-drawn. without using compurers.

In the 1980's, the regular study of the petroleum
potential of the Mesozoic deposits of the West Sibe-
rian northern regions started, and for the first tme 1t
has become possible to construct the maps of predic-
tion of il properhies defiming the conditiors of de-
velopment of fields and oil t-ansportation and refin-
ing,

The Irstitute of Petroleum Geology 3B RAS col-
lected mformation on physicochemical propertics of
oils and condensates for more than 1500 samples
which allowed characterization of most oil fields and
poals of West Siberia.

The geal of investigation 1 to reveal the regulari-
ties of variations in composition of the West Siberan
oils for the entire petroleum basin and 10 construcl a
set of maps showing physicochemical properties of
oils for four oil-poducing honzons of West Siberia,
such as the Upper Tirassic. Lower—Middle Jurassic,
Berriasian—Hauterivian, and Hautenvian—Apnan.
Qils from the Achimov stratum are conwidered sepa-
rately.

The principle of systematization of physicochemi-
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Fig. 1 Map showing the petroleum regions of the West Siberian basin.

Boundarics: 1- the West Sibenan sedimentary basin ; 2-Petroleum regions: |-Pre-Ural. 2-

Erolov. 3-Middlz

Ob: 4-Kaymysov, 5-Vasyugan, 6-Paydugm. 7-Yamal, 8-Gvdan. 9-Pur-Taz. 10-Nadym-2ur.

cal propert es of o1ls by "stratipraphic belonging™ was
wideiv useid in papers by O.A. Radchenko, T.A. Bot-
neve, A N. Guseva. AE. Kontorosich. O.F, Stasova.
and others. This approach makes 1t possible to reveal
pils of var ahle physicochemical prepertics in each
stratigraphi: horizon of West Siberia.

The set of maps tor cach reservowr meludes the

A0VC, content of resins and asphaltenes, and PrPh
ratios. ™ow the atlas of maps of physicochemical
praperties of the West Slherian vils is preparec for
publicanen. This paper considers the distnibution of
some physicochemical properties of oils from the
Upper Jurassic deposits of West Siberia,

Solution of nvestigarion problems 5 based on
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of MS kxecl program. X-y-7 models conainirg the
coordinates and vajues o mapped paramclers are
constructed separately tor the cach mapped parameter
of cach reservoir, Then, god mode!s are constructed.
l.e., dispersed data were interpolated on regular grid.
To construct grid models. the avthors used the spe-
cific mathematical and methadical software devel-
oped at the [PG, including a specific interpolator -
petennal polynermals. Standard program  products
{SUFER and others) were used for constructing nrl-
ilaver maps. drawing the sselines frem the grid mod-
els of maps created by means of specific softwure.
presentalional  -epresentation and printing of the
ready cartographic production,

Twe magjor productive horizons Fave been disiin-
guishad in the Upper durassie depashs of Wes! Sibe-
ria : the Vasyugan Formation (bed Jy and its analogs)
and Rarhenov Formauon (bed I,). The critical factor
in formanon and distribunon of oils of different geo-
chemical 1ypes was. in owr opimon. the character of
ininal organic matter (OM). As the amount of OM
and its qualitative composition depend on the basin
palcegengraphy.  sedimentation, nd  depositional
environment. which existzd i its different parts, the
relaticnship between the variation in ol compositon
af beds Iy and Jy and palcapeographic environmenis
of tae Calovian—Oxfordian and Volgian stages.
wheie they formed., 15 not random.

Analysis of palecgeographic maps of the basin
show s that the zone. which is most distant from the
shore ine and source areas. i» located at the center of
West Sihetia, Here conditions mest favourable for
O aceumulation i the reducing environment were
formed. Qils of the highest density (to 909 g.-cm3]
(Figs 1. 21 ocenr in deeply buried traps. mainly in
arches of the Middle Ob petrolewr region (PR). Be-
sides wils of clevated density in bed Iy are confined
to the southemn areas of West Siberia (Kaimysov PR)
{Fig 2.

QOils ef e Frolov, Pre-Ural and northern Va

svugan petroleum regions mainly have a medivm
density {from B30 to BEQ g:’cmS} fsee b1z 2) Bxcep-
tions are low-density oils from the fields ot the Kras-
nolemsk ¢rch (Froloy PR,

In northermn West Siberia and cast of the Koltogor
thegmirough, low-density oils (830 g-"cm3 and less)
are distributed in the Nadym-Pur, Pur—Taz, Paidugin
and Vasyugan petroleum regions.

In Tuer. the greater the depths of o1l oceurences,
the lower are their densities, starting from the Middle
Ob PR -owards the northeast. The PrPh ratio in-
creases from 046 to 9.8 in the sume direction that
suggests the change in the reducimg desositional en-
vironmenl into oxidizing one. Thus, there 15 a evi-
dence for genetic relationship betweer hign-density
ails and O\, fossilization of which ocecurred under
reducing environment. The probability of (M oxida-
tion inereases with transition from marine deposits o
coastal-marine and continental, In these arens, ¢nft
from land was more intense. This is reflected in the
change in composition of the northern oils, winch are
very low-density. As the density 1s ap integral char-
acceristics of oils. variations in the studied indices of
atl composition throughout the area of the West Sibe-
rian basin to a greater or Jesser extent lollow the pat-
terit of density distribution, The zone of distribution
of higher-density oils is also counfidently distin-
guished from the higher values of sulfur 10 3.83%)
and resms {1 8.4%) (Fig.3, 4), Howgver. in these zone
alls have low paraifin values (less then 3% (Fig.5).
Northeastwards of the Middle Ob PR, sulfur content
gradually decreases (it values are not  greater
than(.5%) and wax conlenl mnereases. reaching the
maximum value {11.6%) in the northern regions
{Pur—Taz PR). Herewith. resin contents degrease from
6.9 w 0.7% i the same direction. Many of these
regularities are rather well-known and were repeat-
edly discussed. Thus, in the central part of West Sibe-
Tia we has e denniticd heavy, hiph-sultur, high-resinous,

low-pratfinaceous o1ls {type C1inthe Upper



106 Maps of Distribution of Piysicochemical Properties of (il in West Siberian

TIE S0 - ERHAT ARG A,




Symposium on Petroleum (Geelogy of [anm in China and Siberian Platorme in Russia

67

IS0 LA TANGA

I \
\
bt
J )
}J "‘----'l
=i lT ]
; vy Al TRITARD &"_"._.\

-
NALY VI / a

HAYEDL

'.

HIYSK PRI S
*,
/" LU e
% ™~
.

Fig. 3 Map showing the sulfur contents in oil from the Upper Jurassic depositsof the West
Siberian Province(®:), Boundaries: i—the West Sibertan sedimentary basin: 2—the Upper Jurassic
deposits;3—the areas prospective oil and gas discoverics in complex; 4-points of w1l sanpling in

the ficlds.



ing Maps of Distuibution of Phvsicochemical Fropertics of Gil in West Siberian

LI IN KINAT AN
£ ety
ol ‘1 NORMNSK
-~ ¢
] fro
Yy ! 1N A
AN HERG 3 3
J  (w ) -~
i‘q d \_\5\ f \
! I RK Y
F/ v
N, -
. A e
’ ~FSALFKH ! 1

D ‘\-'
X )
AR TAL'RNE N -]

V f\\ RAYKLI

| hY |
\\
4 Sy "
A \\,
5 o
H
|
3\ (ENISEY S
y Kol \-.\__
\‘1 DURACTL W 0 - N EY
. | ]
’ Ny

Pl -~ < LLME
= RCVOSI
=] } lJ
—— ~
SRNAUTI
(}_/L/ T SK 2N !
a ; =,

1.‘\
ek
¥

Fig. 4 Map showing the resin contents in oils from the Upper Jurassic deposits of the West
Siberian Province(®n ). Boundanes; 1—the West Siberian sedimentary basing 2—the Upper Jurassic
depos ts; 2 -the arcas prospective o1l and gas discoveries in complex: d—points of eil sanmpling n

the flelds




Svmposium on Petroleum Geology of Tanm m China and Sibertan Plattorm i Russia 109

s " i -.N
b
gt SKHATANGA
e
Fleta
. ; , [ L4 .Y
R fm INK A
/’ i
A : R W gl
L b 5
\ “"‘"'R{"f‘/—\ v VE S
\ 3 4 3
/f \\ EfIRK N )

BAYRIT

ANGEROST IR

B fes L o
|
[3]\“‘1]( % (-V
’ :‘;‘]( If""._, z
Rt (>4

-] 4

Fig. 5 Map showing the pavaffin contents in oil from the Upper Jurassie deposits of the West
Siberian Provinee {%). Beundaries: 1—the West Siberian sedunentary basin: 2-the Upper Jurus-

sic depasits; 3—the arcas prospective ol and gas discoveries it complex: 4—points of oil sempling
in the ficlds.



i AMags of Distobution of Phyvsicochemical Properues of O1] in West Siberian

Jurassic deposits of the Middle Ob® and Kainvsov
petrolewm regions. In the narthern regions of West
Sikeria, where stronger thermobaric conditions of
sedimentation cxisted. mainly hght, low-resinous,
low-sulfur and high-paraffinaceous oils (type AY ac-
curwulaed. We also think that the general interrela-
tion and common character of varation 1 oil pa-
rameters of beds Iy and J, are mainly caused by pe-

cubarites of depositonal ens ironments and fossiliza-

tion of e initia] OM.

Thus, the c¢sablished relationships berween the
composition of hydrocarbon {lnids and geciogieal
conditions ol oceurrence and constructed maps of the
distribution of uniform-type fluids throughout the
hasin makc it possible to predict, from geochemicat
point of view. the quality of oils, 10 identify major
productive complexes in poorly explored areas. o

specity the type of a pool. and cic.
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Prediction of Petroleum Accumulation Zones in the
Vendian and Lower Cambrian Subsalt Carbonate Deposits
of the Central Parts of the Siberian Platform.

(.05, Shemin

(Isddrure of Pervaleum Geologny, Stberian RBranch, Rusvion Academv of Sciences, Novasinirik)

3 Shemin G5.G. — bom in 184, Head of labaratory in the Insltute
T of Petroleum Geology, Siberian Branch, Russian Academy o)

Sciences. 1969 — graduated from the Novosibirsk State Univer-
Sity in geological survey and search for mineral deposits. 1974 —
received his PhD, 1984 — D.5c. in geofogy. He is currently study-
ing petrofeum geology and conducting the evaluation of hydro-

carbon resources of Siberia,

Introduction

The central regions of the Siberian Platform
include the Nepa—Botuoba and Baykit ante-
clises, Katanga and Vilyuchan saddles, and
Predpatom regional trough, The main amount
of drilling and geophysical exploration for oil
and gas has been carried out 1n the study area;
in total 30 oil and gas‘condensate fields, con-
taining over 50 pools, among which are large-
sized ones, have been there discovered. The
regions under consideration are the main zone
of petroleum potential in the Siberian Plat-
form generally assigned to the Vendian and
Lower Cambrian subsalt terrigenous and car-
bonate deposits.

The Vendian—Lower Cambrian carbonate
deposits which are the subject of this paper.
are noticeable for their composite structure,
prolonged depositional history and specific
conditions of oil and gas poel formation. A
procedure described in the following was spe-
cially developed for predicting petroleum
potential of these deposits.

1 Procedure of Prediction

The procedure applied for prediction of the
petroleum potential of carbonate deposits is
hased on a combination of the detailed strati-
graphic. tectonic, palecogeologic, lithologic,
facies, geophysical, geochemical. and hydro-
geological studies. The procedure allows for
an impertance assessment of cack of criterion
of the petroleum potential prediction and en-
ables us to distinguish between areas of dif-
ferent potential, petroleum  accumulation
zones, and priority exploration targets,

The results of detailed correlation between
the members of cyclic composition {cyelites)
have been taken as & sthatigraphic basis for
the petroleum potentizi prediction. It has been
carried out by correlating the sections closest
in stratigraphic volumes and composition,
following the rules of a member succession
through the section, the order of variations in
member thicknesses, as well as a variation

trend of the lithological composition.
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The applicd procedure cnabled s to subdi-
vide and correlate the examined carbonate
deposits into the following regocyclites which
are distinctly expressed in the section: Lower
Danilovo, Middle Danilovo, Upper Danilovo,
and Usol’ve, each of which comtains several
(3 o [3) members. The results of detaled
correlation were laid as a bawis for a cy-
clostratigraphic chart of Vendian and Lower
Cambrian ceposils that depicts the time dis-
tribution of regocyclites and cyclic members,
local stratigraphic divisions (formatiens and
subformations). productive horizons and res-
EIVDITS.

The results of the correlation performed as
well as exploration, geophysical and analyti-
cal information allowed the three regional
reseryoirs 1o be distinguished in the Ven-
dian-Lower Cambrian carbonate  deposils:
Lower Danilovo, and
Usol'ye, each of which comprised both per-

Danilovo, Lpper
meable and sealing horizons,

The tectonic criteria of predicting the petro-
leum potential of the revealed reseryoirs were
the present-day and paleostructure plans,
presence of faults, including thrust disloca-
tions. anc trappean magmatism as well. As
regards & technique of tectonic investigations,
the main attention was paid to the ¢nhance-
ment of relability of paleotectonic recon-
structions because within the Siberian plat-
torm applhicability of a thickness method 13
restricted by hiatuses, zones of uncompen-
sated dowwarping. dislocated sections which
ar¢ the result of both fault and salt wectonics,
also by trappean magmatism, as well as salt
washing out by infiltration water.

The couducted paleotectonie studies gave
new results. In particular, as regards the time
of formation, the present-day structural plans
of the revealed ol and gas fieids arc attribut-

able 0 a post-sedimentary type. During the
Vendian and Earlv—Middle Palcozeoic periods.
a petroleum accumulation zone involied the
arched portion of the Katanga palecanteclise
which embraced the northeastern part of the
Baykit anteclise and the northwestern parnt of
the Nepa—Botioba one as well as the northem
areas of the platform.

The cstimate of the reservoir petroleum po-
tential of both present-day and paleostructural
plans has been performed in a routine manner.
Faults, thrust dislocations and trappean mag-
matigm have inesitably affected the poroperm
propertics of reservoir rocks. being hence
taken into consideration in cstimating the
quality of permeable hozizons.

The lithologic-facies criteria of evaluzting
the reservoir petroleum potential included the
qualitative characteristics of the reservoir
constiuents (perineable and scaling horizons)
and reservoirs themselves. The qualitative
estimate of the impermeable beds has heen
carried out relative to their thicknesses,
lithological and mineralogical compositions.

The gualitative estimate of permeable hori-
zons was based on a wider range of parame-
ters, namely a specitic capacity of reservair
rocks, including theiwr thickness and porosity,
permesbility and heterogeneity.

An overall estimate of the reservon qualily
was performed by summarizing the qualita-
live estimales of the reservoir constituents
(sealing and permeable horizons).

The geochemical criteria of predicting the
reservoir petroleum potential were the data on
- the organic matter distribution by complexes,
- a degree of its catagenetic trunslormation, -
rock generative potential, - trend and time of
HC migration out of zones of petroleum gen-
cration to zones of petroleumn accumulation.

In addition, while estimating the reservour
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potential. a special attention was paid to the
amounts of HC expetled from the underlying
terrigenous deposits.

The hydrogeological criteria of predicting
the reservoir potential included the data on
reservoir hydrodynamic and hydrochemical
£0NAten.

Carbonate complexes on the Siberian plat-
form have composice hydrodynamic condi-
tions. On its margmns, formmation pressurcs
approximate to hydrostatic values. beng ab-
normally high within the platform interior.
Saliaity and concentation of chemical com-
ponents n formarion waters from carbonate
deposits vary widely, Strongly concentrared
and saturated brines contain high bromine.
Saline composition s usually dominated by
calcium and magresium chlorides. Water ex-
change is hampered and cven close 1o stag-
nancy. On the whoie, the carbonatc reszrvoirs
arc characenzed by favourable hydro-
geological criteria for the petreleum potential
prediction.

As yet no adequate technigue for estimating
the teservoir petroleum potential based on the
1otal of criteria has been elaborated. The most
disputable issue is that concerning the estima-
tton of mrormation cantent of cach of criteria.
The author demonstrates that as applied to the
Siberian platform. the criteria of predicting
the petrolewn potential can be ranked as fol-
lows: hthologic-facies ones are the most. geo-
chemical onss are less, tectonic and hydro-
geological are least informative.

Based on the rank and reliability of the
above criter:a the distribution areas of the
revealed reservoirs can be thus recognized as
areas of various perspectives: highly perspec-
tve. perspective, medium-perspective. less

perspective, and least perspective areas.

The petrolcum accumulation zones are in-
lerpreted as parts of the reservoirs charecter-
ized by a similar structure, similar condinons
of formation and preservation of o1l and gas
pools. Within the carbonate reservoirs only
the hthological zones of petroleum accumula-
tion coutd be recognized. They are divided by
different qualifications. such as a typ: of
forecast traps and predominant fluids, levels
of perroleum potential. a size ol furecast oil
and gas pools,

The priority exploration targeis are assumed
to be the most perspective and best explored
portions of petroleum accumulation zones
recogmzed by a combination of geological
and geophysical data. The probability of new
discoveries and/or extension of (he outlines of
alrcady-discovered pools within these turgets
seems to be very high,

2 Characterization of Petroleum
Accumulation Zones

Two maps (Figs. 1, 2) provide the main
results of the petroleum potential prediction
for the best explored and most promising
Lower Danilovo and Usol'ye reservows of
Vendian—Lower Cambrian carbonate deposits
in the central Siberian plarforr, Shown on
these maps are the categories of perspecilive
areas. petroleum accumulation zones. priority
cxploration targels, forecast trap and fluid
tvpes. and pool sizes.

The Vendian Lower Danilovo gas-oil reser-
voir iy characterized by occurrence of less.
least and partly medium perspective areas.
Highly perspective and perspective areas are
predicted to oecur only 1 the central and
northwestern parts of the Nepa—Botuoba an-
teclise where the giant Yervoma—Choua and
perspective Peleduy perroleum accumulation
zones has @ been recognized.



Prediction of Pemrgleum Accumulation Zove o the Central Parts of the Stherian Platform

114

THLIGREL] TRISGLS [E)03D 31) J0 104182 [FUOLEL 0A0[IUR( J340° | 1) 10} BOyMIpaad renuyed winawaad 2yy jo drpy | -8

old

r o

/ Rl S R

Yol gy 1y e

Magwmins, ¢ FL
LR LR TTE TR LR R SR B VLRI [N TP e a _.._..“c:r_u_._/m W
LR TN T R U o LEIIng g npuaasdey
won-sandaa ey andd g ogy AU, T SETLYR It Uy

Ay gadd -

~piaty

LTI .f,_,_:r__ [}
17 T3 | 4
w0 T iy )

LT IO
AL A TUETTE s Ay A B
T RSALA L N L

TR §
Sy |

(e, peaidopany peaais Ajewoan 34 e RS TS S T
oA B BT TENET PR RV |

nanMng |
g g wadd q ) 3
RRFTITRUE(ER SRS AR
Z e
.
N 3
., .
-~ ) — ks
T\ s i z AT TR 3 Tilk 2%
o] ..v.d,u o Ay
av.") . 1 n...u.. ..V.V\d. u.e‘i,_ retp et *_A.._w
-~ \\ \%v.. EMATIUN 4 -~
k) -
> \ - S 4 5 N 5 AL L -
- o B . z
4 » £ RV
_ - - ith
yelz | x b] E o
~
N 7 -
Vi A o i AW
£ 1 s Vv
2 3 5 ¥4 oz
[ = ! x \-.q. -]
3 T = o
Ao P ek <
LY . f.ﬂ.
" E
[ : E
2
1Ly g hu
5 !
Y —
. ! \/(lzl). pIAPRTR T LN ",
NH r/ ERIETNE TN R SR v TEY —.; T

F— =
wy g (I
Py

1

S1mtarl wonrapds oy

WAl supadsasd v,

AN L _._._.___..-ﬁ-._.,:.,_n,.u.:J _:_._.J__J: Yl




s

y of Tarnt Basin i China and Sibertan Platform in Russia

posiurt on Petroleum Geolog

Svim

HLIOHELd URLIMYLS [RIADY 2YL J0 a0a 40501 jeaoiFas a4 j0s)) 91 10) nonmpaad [ruvazed wnaoazad 21 jo dey 7 81y

re i, H

A by - o LaLll H
o, f . I H [AUETIE NI PNy B N
U TR T hd a
. STy H
sl yead YRITL A% ; | !
L TR PR Y LAY YAy | Ty A 5...“..44 UZHEIR ] T, B
ANTRRIEUL TR AL e w. g SRR Ut R Al g
HOEISLT . -
CUSTSOT RN . n— ..bt lhli.wlr . _ [Tt .u_,.._rm_ e
. " IS 2 5 n1urandy g
- ="|. L 18 TR RETER
w2 7 ‘H\\tﬂ‘ - ‘mc ._\H | w__
X o o,
2 L 1Y s _ a .\vw iy . ¥
" i i '
. —_—— ¥ M.mn | ! UL + MX 35 WY Ay oo ) gr TlEvaLe Y g
A d - .- I b r .
B Ry I { "3 et Aoy ¥ HIY
npegip, 4 — - : e i o -
e ooy aaddp g B :..__ it \‘.‘ A . . i o b 3 ___.ww__.].. AN “_.
. > g _ i 5 - K1Y e gfT RE -ty u
T Y, 1ol o ..\. 07 gt -3 o narmay .a..h.._.lv.m..%uw. K
AR I puniang 2 3 — : = Rl
; 153,73, 7
v .l.nwnw.wh %3
: ) - A
e d v WONY & -
5 e YAy A Drﬂ..:w L o ;_A‘r x> I 1 A
o8, AR = ¥ e J
N \\ w Pt $i_ g x5 L2 TS T _
. - ~ 2 g A
A L. | o P e v
> b Ll L Wi N uvk..m A e he -
e - e .
B 9 [} I .nu_ T X s NN 114 5 0 L_
o it . - - Al . . Py, "
3 0 . o Ll - 14 B R R
L_.mm / RSy I ﬁWl. = SR
T _ : = - g
§ [— LeAnpaeiog iy i} F - i |
rJﬂ.u _\\.1( M| \v i // J.u.l X v, i N o
- wdn e, -
"’ I - enf
S0 ¥
H 2 ﬁ
] o L

sl el w

POTE ULy o e 8 ﬁ.u
Sl o ealsad sea o spniie v e
[

TUS T T 0
AUt Ly gLy 1y _.,.J_

i FE R NI ] | T R T LLEFT | 0RL] Ty




16 Prediction of Petroleum Accumulation Zone i the Contral Parts of the Siberan Plottorm

Legend for Fig. 1 and Fig.2

1—4 — contours of fautt structures of - 1 — super-orde- {anteclise, synechsel, 2 — suddles, 3 — Trst-order (arch.

sal.ent), 4 — second-order (domal uplitt, swell, structuryl nose. trough, depression); 5 — gverthrust zone: 6 -8 —
limts of; 6 — permeuble horizons of the resenvoirs, 7 - the reservorr rocks, 8 — reef-like and orgarogenic hu ldops
reef-like and organogenic buildups; 10--17 — perspective arcas of @ 10 [ category (highly per-
Vocategory, 14 - V] category {medinm penpec-

ocourrence, @
spective), 11 — U catepary. 12 — IV category (perspectve). 13
uvel, 15 - VI category, 16— V1L category (less perspectise). 1X category {least perspectivel 18 - boundaries of
greas with @ different potential; 19 - boundaries of the pelroleum accumulation zones: 2 confident. b - less con-
fident: 20--22 — 1vpes of petroleurt accumulation zoncs genetically related tor 20 — pimching owt of deposits. 21 -
rect-like and arganogeme buildups. 22 — carbonate sitata of organogenic genests; 2325 types of petroleun
accurmnulation zones recognized by the predominant fluid: 23 ol-bearing. 24 — wl- and gas-beanng. 25 - gas-
bearing, 2627 — petrvleum accumulation zones where 26 - predominating traps arc associated witn lenticular
secions with the rocks of enhanced poroperm properties surrounded by Lithologically humogeneous deposits. 27

- see 26 — amticlinal traps; 28 — beundarics of the prienty cxpleration targets: 29—31 - areas with 1he proved {a)

and predicted (b) reservoir rock saturation: 29

32 - struciures, 32 — pool-type anomalics (PTA); 3436

gas, 30- gasioll, 31 — oil; 3233 — prepared exploration targets,

recognized exploration tarscts: 34 — structures, 35 -

PTA. 36 — structural-lithelogical traps; 37 — administrativ e houndarnes.

Recoverable rasources of the
Yervoma—Chona PAZ amount to 1.5 billion
tens of oil. The reservoir rocks are identitied
as the Preobrazhenskiy horizon., which has
been formed under similar factes condition
and has undergone similar post-scdimentary
processes resulted in a porous reservoir type.
I'he object was confned to a large lithologi-
cal rap genstically related to an organogenic
massive, Ol saturation of (he reservoir rocks
is a resul: of two important events. During the
late Precambrian and Phanerozoic. the terri-
tory of this PAZ correspondad to the most
uplifted part of the Nepa-Bonioba anteclise to
which in different periods hydrocarbons e x-
pelled from the adjacent PAZ. It has buen
identified the absence of a regional seal un-
derlving the Preobrazhenskiv horizon within
the Yeryoma—Chona PAZ that promoted sup-
ply of hydrocarbons into a reservoir from un-
derlving terrigenous reservoirs.

The Lower Cambrizn Usol'ye gas-oil reser-
voIr is characterizecd by widespread occur-

rence of perspective and medium perspective
areas in the northern and central parts of the
Nepa -Botuoba, Baykit anteclises and Ka-
tanga saddle. Three PAZ have been recog-
nized within highly perspective areas as fol-
Jows: the most promising Katanga—Viluychan
PAZ, less promising Vayvida—Taimba PAZ
and lcast promising Kato—Pilvuda PAZ. Six
priority cxploration targets have been deline-
ated within the first PAZ: West Talakan, Va-
kunay. West Chona. Sanara. Altyba, and
Middle Botuoba—Chayanda. Genetically, all
these petroleum accumulation 7ones are of
lithological type. of which two (Ka-
tanga—Vilyuchan and Kalto—Pilyuda) being
associated with reef-like and organogenic
buildups. In the Kalanga—Vilyuchan PAZ,
large- and medium-sized hydrocarbon peols
arc predicted m anticlinal and lithological
traps: medium and small-sized oil and gas
pools occurred mainly in lithological traps are
forecasted within other PAZs,
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Geochemistry of Gasoline from the West Siberian Oils

L.S. Barisova, D.V. Kosyakoy, V,R.Livshits, E.A.Fursenko

{fnstitute of Petroleum Gealogy, SE RAS, Novosibrrsk | Russia)
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An important achievement of organic geo-
chemustry for the past decades is the possibil-
ity to diagnose genetically oils and differenti-

e

ate them by the source rock accumulation
conditions and secondary processes’ trends.
Foer the separation of oils nto genotypes
rather effective use is made of the information
on a low-molecular hydrocarbon composition
(C—C '

The individual hydrocarbon composition of
each light fraction (125°C), arenes in the
125-150°C fraction. normal C3—Cap and iso-
prenoid € 3=Cy alkanes has been analyzed
using the traditional method of gas-liquid
chromatography of unfractionated oils and
condensates. Analvses were performed on
capillary columns equipped with 25-30 plates
(carrier gas: Hi) in isothermal temperature
regime using a back purge systern or the
chromatograph evaporator.

During the past vears. the Institute of Petro-
leum Geology, SB RAS, has accumulated a
data bank on the geochemistry of Jurassic and
Cretaceous oils and condensates. Comprehen-
sive material on the composition of C:-Cy

Borisova, {..S. — born in 1948. Senior researcher in the Instiute o1
Petroleum Geology, Siberian Branch, Russian Academy of Sciences.
1871- graduated from Novasibirsk institute of geadesy. aerial phaotog-
raphy and mapping in oplics and spectroscopy. 1988 — held her PhD
in geology. She is currently studymng orgamc geochemistry of oils from

the West Siberfan basin.

hydrocarbons of West Siberian oils and con-
densates was classified and analyzed using
the newcst computer technologies and ongi-
nal data processing and reduction algorithm
claborated by the authors. All mformation
obtained was compiled into 40 volumes of
300 pages each, While classifying the data
into books and volumes, the authers adopted
that petroleum zonatien which has been ac-
cepted for West Siberia.

A data bank involves the information vn
geological sampling conditions, the analyscs
performed, physical and chemical characteris-
tics of oil and condensates, on a composition
of free and oil gases as well as the compre-
hensive information en individual hydrocar-
bon composition of a gaseline fraction of oils
and condensates. and normal and isoprencid
alkane distributions in oils, Each petrolcum
area was illustrated by a general oil and gas
ficld location map and gencralized lithologi-
cal columns showing the main productive
horizons.

The work is based on a single svstem of the
data processing and representation. Tt i3 notc-
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worthy that extensive and unique information
on the individual hydrocarbon composition of
0il and condensate gasolines accumulated for
many decades has not vet been thoroughly
generalized due to 4 large data set (ca. 70 pa-
rameters) which was incapable of interpreta-
tion when processing this information manu-
allv, From huge amount of information inves-
tigators chose and used at best several pa-
rameters which allowed, according to them, to
solve some particular task >33 681

Another important direction of the work is
genetic typification of oils and cendensates
based on the statistical processing of gasoline
composition data. Analyses of the collection
consisting of 200 to 1000 samples of the
Mesozoic West Siberian oils revealed evi-
dence that the low-melecular oil hydrocar-
bons confain detailed information about the
oil nature, A cluster analysis was choscn as a
methematical tool for examining a “genetic
code™ encoded in the oil composition. Aute-
matic classification was preceded by a corre-
lation analysis, which allowed 22 of the most
representative parameters to he chosen from a
set of 200 analytical parameters for the oil
gasoline fraction compositien. The cluster
analysis of the data has resulted 1n the differ-
entiation ol all Mesozoic oils of West Siberia
into several genetic families, determination of
their spatial localization. Each of the distin-
guished o1l family has been correlated with a
corresponding geochemical facies.

The goal of the present paper is to show the
possibility of applyirg low-molecular hvdro-
carbon parameters as a tool for & genetic clas-
sification of oils on the basis of 250 samples
using the newest computer technology and
original, claborated by the authors data proc-
cssing algonthm. Qils and condensates from
Upper Jurassic deposits (160 fields) of West

Siberta were chosen as the object of investi-
gation, The correlation analysis is aiming to:

Determune genetically related parameters
for low-molecular components of the oi.s and
cstablish the nature of this relationship;

Ascertain to what cxtent can the informa-
tion used in & cluster analysis be excessive;

Reduce dimensions of the initial attribute
space through a sclection of the most
informative attributes from total souree ones.

Strong correlation between individual pa-
rameters of the low-boiling o1l fractions dis-
play that they look like an ensemble in which
the ratio between different components is sto-
chastically but rather strongly controlled by
the whole history of each particular oil. Given
a large number of meaningful relations, no
strorigest comelation coefficients  between
parameters (>0.90), allowing the rclation
close to a functional were revealed, so that the
parameter set chosen for clustering 1s thought
to be non-excessive,

In carrying out a cluster analysis use was
made of the Word algorithm as a clustering
algonthm. Euclidean distance was chosen

The goal of automatic sample classification
{clustar analysis) is to divide the whole popu-
lation of the objects under examination inte
rclatively small nwmber of uniforim groups or
clusters which are hierarchically organized.
The results of cluster analysis are represented
as a tree diagram. Four families {I-IV) were
distinguished using a cluster analysis for
variations in the hydrocarbon composition of
gascline fractions from Upper Jurassic oils
{Fig. 1),

A wide range of C<—Cy hydrocarbons, in-
cluding alkanes of a normal and iso-structure,
cyclopentanes and cycichexanes, arenes were
identified in the composition of gasohnes

trom each oil family.
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The most abundant family consists of the
eils from the Middle Ob petroleum area(103
samples}. Gasoline fractions from this o1l {a-
muly are characterized by a h:gh alkare and
cyclopentane content. Based on their physical
and chemical composition, these are heavy.
sulphurous and resinous oils; pristane to phy-
tane ratio does not exceed 1,00 that suggests a
typically marine genesis of the oils from this
family.

Condensates from the northern West Sibe-
ria were singled ouf as a scparate famiiy rep-
resented by a small sample consisting of 25
condensates. These condensates showed a
high vield of hight fractons (32%); they are
low-suiphurous and low-resinous, practically
asphaltenz-free. A gasoline fraction of the
condensaies shows a distinet preponderance
of naphthenic hydrocarbons over alkanic oncs
with cyc.ohexanes being twice as much as
cyclopentanes. The PriPh ratio considerably
exceeds .00, thus allowing to propose their
continental origin.

The gasoline composition of oils from the
northern West Siberia resembled that of the
condensale 7amily. The only difference is the
type of {luid: these otls are light with rela-
tively low cyclohexene and branched alkane
content. The distribution area of the second in
sample size o1l family semicircularly em-
braces that of the first family which contains
the oils from the Middle Ob region. Based on
ther: physical and chemical properties. Pr/Ph
ratio (1.00-2.00) and the gaseline composi-

tion parameters these oils s2em o have been
derived from a mixed in various proportions
organic matier which was buried in coastal
and shallow marine sediments.

Typically marine oils were derived from
mainly aqueous, plankionic and bacteriogenic
organic matter of the Bazhenov Formation
which was buaried in a sea at various distances
from the land and in various sediment di-
agenesis regimes that naturally accounts for
the specific features of their composition. The
sources of typically continemal oils were
tresh lakes, perhaps, at time brackish due 10
shori-term Ingressions, as well as lacusirine-
marshy or lacusirine-alluvial deposits of
Lower—Middle Jurassic.

Thus, the new approach fa oil and conden-
sate typification using a routine method of
mathematical statistics and data on the indi-
vidual compesition of low-beiling hydrocar-
bons enabled us to subdivide Upper Jurassic
0ils and condensates into the families of dif-
ferent genesis and to localize graphically the
distingusshed o1l families of Wesi Siberia.

Because many invest'gators reperted a piv-
otal role of the organic matter type in the
formation of a gasoline hydrocarbon compo-

23.6-8] . .
|24 J, it was of inicrest to trace how

sition
the most informative parameters allowing a
distinct classification of oils by the types of
source prganic matter (Table 1) vary through-
out the territory of West Stberia. Sketch maps
were performed using a Surfer package for

field coordinates.

Table 1 Basic genetic parameters for an oil gaseline comiposition.

_]’arameu:rs Marine (M Continental O
L ovclvsenanesE cyehohexanes (K, = {17 < (.6
1tk benzene: ™ xyvlenes (K =03 =02 o
_neheplacineth leyelohesane (K | =10 (0.6
B __:‘__ﬁ T = 2.0 T

11=x3 benefo-x lene (K) wa bl
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The X cyclopentane/Z cyelohexane ratio (K )
15 assumed as a critcrion for recognition of a
rofe played by organic matter in the formation
of a gasohne fraction composiion: a prepon-
derance of the five- over the six-merbered
naphthenes indicates the dominating mmpact
of sapropelic organic matter ' * %% Ax seen
from the K, distribution map (Fig. 2). oils
from the most examined ficids were derived
from marine orgamc matter; K,;>0.7. These
oils are as a rule from the Vasyugan and Baz-
henov Formations of the Middle Ob petro-
leum area. Qils from the samz deposits but
from the northern Nadym-Pur and Pur-Taz
petrolcum areas have K <0.7, hence can be
attributed 10 a mixed genesis.

The distribution of the ethylbenzene 10 the
sum of xylenes rato (K,) for the examined
Lpper Jurassic oils and condensates is close
to K; values. Many sources reported 14 4hat
given the K; values ranging from 0.2 to 0.5,
these oils might have an origin from marine
organic matter. Based on the available infor-
mation these are Upper Jurassic oils from the
Middle Ot petroleum area matching the con-
fined requirement, whereas for the oils from
the northern Nadvm~Pur and Pur-Taz pelro-

leumn areas this valuc docs not exceed 0.2 (Fig.
23, The K1 and K, valucs have the same dis-
tribulicn.

The investigations performed reported a
decrcasing role of marine facies northeast-
ward from Lhe southern Middle Ob region.
This finding is supported by our data on the
Pr/Ph ratio distribution over West Siberia ter-
ritory. For the Middlc Ob oils this paramcter
approximales one and varies [rom 2 o § in
oils from the northcrn and arctic territories.
These results are consistent with the data re-
ported in early works by A.E.Kontorovich
and O.F.Stasova " which asserted that conti-
nental oils (tvpe A) were replaced by domi-
nantly marine ones (type C) in passing from
gas-bearing regions in the north lo oil-bearng
ones i the Middle Ob area at the boundary
between the Nadvm-Pur. Middle Ob. and
Vasyugan petroleum areas.

Thus. proposed in the paper sketch meps
showimy the variations of the most informa-
tive parameters of a gasoline composilion of
Upper Jurassic oils from West Siberia cnabled
us to observe a gradual replacing of the conti-
nental cils by marine ones from the rorth 1o

the south.
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The Present-Day Features of Russia’s Petroleum
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A.G.Korzhubayev, D.A.Gofman, 5.V.Ermachkov, A.V Novikova, P.A.Polosukhin, A.S, Ulanova
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Gas resources.

Energy is the leading element in a func-
tional structure of present-day world's econ-
omy Production and consumption of energy
resources grew as the productive forces de-
veloped. The structure of encrgy mix was
coniinuously changing both in Russia and all
over the world. During the first three quarters
of the XX century. coal was gradually substi-
tuted by oil; whereas the last decades showed
a stable tendency towards increasingly greater
role of gas, nuclear energy and renewable
sources 12, Currently, the share of gas and
oil in the world’s fuel and energy mix ac-
counts for over 63%. Under conditions of
increasingly stricter environmental regula-
tions and given significant explored and esti-
mated reserves, prospective and forecast re-
sources of gas, its role in world’s energy and
non-znergy sectors is projected to grow inevi-
tably in the first decades of the XXI century,
Improvement of comprehensive transporta-
tion and utilization network is another factor
in incrcased gas role. The last decades arc
notable bv the intensive development of
pipeline transport, formation of a LNG infra-

Korzhubaev A.G. — born in 1970. Senior researcher m the Institute
of Petroleum Gealogy, Siberian Branch, Russian Academy of Soi-
ences 1992 - graduaied from Novosibirsk State University in eco-
nomical cybernetics. 1999 — held his PhD in economics. He is cur-
renlly engaged in a geological and economic assessment of oil anc

structure, building of highly efficient gas
turbine thermal power plants, marked increase
in a gas share in motor fuel, anc also by the
advancement of new technologies into gas
chemical industry.

Currently, the lcading energy sources are
coal, oil and gas, with the latter two being
dominant that is accounted mainly for cco-
nomic, production and power advantages of
nydrocarbons which correspond to a present -
day level of productive forces deselopment,
including power generation and power con-
sumption. GDP and the standard of living in
the couniry highiy correlate with the level and
structure of energy consumption that, in turn,
largely depends upon the degree to which the
energy complex can function stably and eftec-
tively.

Russia’s energy complex involves those .n-
dustrial branches that carry out produciion of
energy resources {oil, gas, coal, shale. pear.
gas condensate), their processing, transporta-
tion of hydrocarbon gases (natural, petroleum.
wide light HC fraction), oil and refined prod-
ucts through special transmission networks,
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maintenance of hydrocarbon storage infra-
structure, as wcll as electric and thermal pow-
¢r generation, distribution and conversion.

The production [acilities of Russia’s energy
complex include 134 thousand of il produc-
ing wells, 6.4 thousand of gas wells, oil refin-
erigs with 261 millicn tons of total crude ca-
pacity. In 1992, the capacity of Russia’s re-
tfinenes totaled 320 milhion tons of crude. In
1991--1999, structural reorgamzations have
resulted i a partial cut down of unprofitable,
out-inoded and physically wom out produc-
non facilines for the primary oil refining with
the incveasing share of secondary processes,
The defined capacity of electric power plants
amounts to 205 milhon kW, a length of the
power supply line is 2554 thousand km. As of
1.01. 1999 151 coal mines and 75 open pits
with total output of 336.5 million tons have
been in operation in the country. The produc-
tion facilitics of the complex belong to share-
holding comnpanies and are mainly privatized
{except for crude and refined product trans-
portanon).

Russia has about 46.8 thousand km of oil,
152 thousand km of gas and 20 thousand km
of refined product long-distance trunk pipe-
lincs to supply consumers with fuel and en-
ergy sources. About 85% of Russia’s crude
and gas condensate move by pipelines. Oil
transmission through trunk lines is carned out
by Transeft, the 100% state-owned pipeline
open stock ¢ompany, Gazprom O/8 owns all
country’s gas trunk lines,

Involved in Russia’s energy complex are
also machine-binlding plants, construction,
trade and niarketing enterprises, scientific-
research and planning and designing instinnes,
analytical and service centers. The number of
organizahons. enterprises and instituies of
various specialization and ownership  that

constitute Russia’s energy complex exceeds
10.004,

During the late XX- early XX century, the
country accountcd for abour 10% of 1the
world’s primary energy production and over
7% of the world's primary energy consunip-
tion. In 1999, the production of primary en-
crgy and energy sources in the country
amounied to 1386 million tons of conven-
tional fucl. In 1999, coal production in Russia
accounted for 250 million tons (or 5.3% of
the world’s tota!) that was fifth in the world,
after China. thc¢ U.S.. India. and Australia.
The major deliveries of produced coal are to
meet the inland needs. but some portion is
intended for export. Russia accounts for 9%
of the world's crude and about 26% of the
world's natural gas production. In 1999, the
country’s electrical and thermal power gen-
cration amounted to 843 billion kW.hr and
1129 million Geal, respectively. Russia’s
share in global energy resource markets ac-
counts for [ 1%.

The velume of encrgy resources and the ef-
ficiency of their use in the country’s economy
largely reflect a degree of technological ad-
vancement of a national economy, its indus-
trial structure. as well as climatic and resource
conditions. Hydrocarbons are currently ac-
counting for 85% of Russia’s energy balance.
Russia’s petroleum compiex is the most im-
portant structural subdivision of the energy
complex and is pivotal 1o the country’s econ-
omy on the whole. Its huge mineral resource
and technological base is an impertant factor
for effective and stable functioning of both
energy sector and economy.

In 1999, Russta was number 3 in crude pro-
duction (304.7 mullion tons), after Saudi Ara-
bia and the L.S. Annual export from the
country exceeds 130 million tong of crude and
60 million tons of refined products. Gas
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praduction amounted to 391 billion cu m in
1999, Russia plavs a noticeable role in
world’s gas markets, having 33% of global
explored reserves and providing about 45% of
the world’s natural gas export. In 1997—-1999,
Russia's gas expons chiefly o markets of
Western Europe and CIS countries accounted
for 200-202 billion cu m.

Since 1992, Russia’s oil and gas mdustry has
experienced drastic changes in financial con-
ditions, its managerial, legal and ownership
structure. Restructuring of the oil industry on
the basis of the Ministry of oil and refining
industry has resulted in consolidating several
oil and gas sertically integrated companies
(VI('s) as open stock companies, which em-
braced oil and gas producing. refining and
marketing enterprises, Subsequently, most of
VICs have been privatized via selling the
government's shares in VICs in auctions and
investment bidding. Rosneft G/S is currently
the only company with 100% goverament’s
stake. Russia’s VIC Gazprom has been estab-
fished as an Russian joint stock compary on
the basis of the Ministry of gas industry and
then was privatized in part by Russian and
foreign mnvestors and transformed into open
stock company. To date, the government has
a 3%% stake in Gazorom, the world’s largest
gas concern. Meanwhile, the gas industry has
retained a single technological, managerial,
and financial vertical.

During the past two years, mergers and ac-
quisition (M&A} acuvity has flourished in the
Russian oil and gas sector, though not so in-
tensively as in 1992-1997, in tume of mass
privatization and consolidation of VICs. Cur-
rert-day activity i the corporate stock market
is being sthinulated mainly by oil majors’
wish to expand their producmg and refiming

faciuties and to make their operations more

terrizarially and technologically balanced. The
main instrument of assct re-distribution was
buying up the hoiding’s (or its subsidiary’s}
controlling interests in bidding or auctions. or
from a head holding or portfelio investor. as
well as attaining majorify control of VICs’
enterprises through the bankruptey either of a
holding or its subsidiarv. The most impressive
megamerger was at yearend 1998, when Yu-
kos OS acquired a controlling interest
Eastern Qil Co. (VNK) that resulted in the
ownership of most VNK's subsidiarics {two
prodaction  associations  Tomsnelt  and
Tomskneftegazgeologiva, the 6.5 nuilior tons
crude capacity Achinsk refinery. and market-
ing affiliates Khakas-
nefteproduct and Novosibirsknetteproduct) by
Yukos. In addition. the holding gzained control
of all VNK’s license arcas in Western and
Eastern Siberia. In 1999, the best capitalized
Russia’s VIC Lukeil merged the KomiTEK
company, which having annuai production of
3.6 million tons of oil. has had the E&P li-
censes for fields in the Timan—Pechyora pe-
troleum province with total reserves of abour
700 million tons. In 2000, a number of com-
panies showed interest in acquiring big stakes
in RUSIA petroleum O S company (4 sub-
sidiary of Sidanko O‘S) which holds a davel-
opment license for the giant Kovykta gas-
condensate fleld logated in the Irkutsk Dstriet.

Currently, 11 largest VICs account for 89%

Tomsnefteproduct.

of Russia’s oil production and have over 96%
of the explored reserve base in natural re-
source allocation. The highest levels of pro-
duction were demonstrated by Lukoil, Yokos
and Surgutneftegaz (57. 44.7, and 37.6 mil-
lion tons, respectively) which toraled for
about 46% of Russia’s 01l and gas-condensate
productien. Several companies, such as Lukoil.
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Yikos, Rosnefl, Zapubezhneft erc,. have 1i-
censes and carry out the exploration and de-
velopment works abroad mn ficlds of Ka-
zakhstan, Azerbaijan. Vietnam, Irag. Iran.
Angela and some other countries.

Over 30% of the crude produced by these
comparics 15 exported mainly to Europe
through terminals ar Ventspils, Kalimingrad
on the Baltic Sea to the North European mar-
ket and terminals at Novorossiisk, Tuapse,
()dessa on the Black Sca to the Mediterranean
markei (mainly to Italv). and zlso by Druzhba
pipcline te Germany, Poland, Chech Republic,
Lithuania. Slovakia, Hungary. Yugoslavia
and ather countries, Export volumes to Asian
countries are as yel insignificant because of
the lack of developed transport infrastructure
— a pipeline network from Western Siberia to
the <ast terminates in the town of Angarsk
(Irkutsk Dristrict), throughput capacity of bor-
der posts at China boundary (Za-
baykaisk—Manchuria, Grodekovo—Suifenghe)
is msuffictent, while that of an oil storage
terminal n the port Vostochniy {town of
Nakhodka. Primorskiv Kray) amounts to 5.8
million tons a vear.

About 7% of crude produced by Russian
oll companies is destined for their own refin-
crics as wzll as for other VICs' refineries un-
der processitg deals. In 1999, 80% of total
crude refined in Russia was cestined to the
retineries owned bv 11 largest VICs. With
several  refineries  in Samara, Novokuy-
byshevsk. Syzran, and Achinsk, Yukos re-
fimes the largest amounts of crude (over 20%
of gross value). Some of Russia’s oil compa-
nies Fave thelr refining facilities abroad. For
example, Lukoil has acquired controlling in-
terests 1 Rumanian and Lkrainian refineries;
and Slavneft petrolcum company comprises
Belanussian refincries. A number of Russia’s

VICs (Lukotl, Yukos. Rosneft, Sidanko,
Tyumen (1l company ¢ie,) besides their refin-
petrachemical

ing subsidiaries comprises

planis.

In addition to otl, companies produce asso-
clated petroieum gas, In 1999, production of
this gas amounted to about 30 hillion cu .
The largest producers of associated gas
among VICs are Surgumceftegaz. with annual
production of over 11 hillion cu m, and Ros-
neft (its subsidiarics Purnefiegaz and Sak-
halinmomettegaz), with 5 billron cu meyear.
Large state regional power plants in European
portion of Russia and Western Siberia are
fueled by associated gas and cendensate. In
particular, such big power stations as the Sur-
gut-1 (3380 MW) and Surgut-2 (6400 MW)
situated in the Khanty Mansi Autonomous
Okrug. Tyumen Dnstrict, the largest country’s
region-oil producer, use associated petroloum
gas 10 generate electricity.

The major producing and transporting sub-
division of the gas industry is Gazprom ¢on-
cern. It produces over 4% of Russia’s rotal
tree and associated gas, not to mention oil. In
1999, Gazprom produced over 556.5 billion
m° of natural gas and about 10 millior. tons of
oil. In addition 1o fts production and transpot-
ration facilities. the company owns an eflec-
tive system of underground gas storage facil i-
ties comprising 21 storage units witk an ag-
tive capacity exceeding 70 billion cu m. Dur-
mg a heating pcriod of 1999-2000, the
maximum daily withdrawal could reach 450
million cu m of gas. Most of Gazprom's cur-
rent production of natural gas and condensate
comes from Cenomanian and partly Neoco-
mian peols in the north of the West Siberian
petroleum province., Along with the produc-
tion aetivity associated with exploration, pro-
ducrion and transportation of gas within the
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country, Gazprom has launched large srojects
focusing on the expansion of an export pipe-
line network {construction of the trunk gas
pipelines Yamal-Europe with throughput of
over 70 bilien cu m, a subsea “Blue flow™
crossing the Black Sca, with throughput of 16
billion cu m, ctc.) and on the development of
ficlds abrozd (in Iran, Quatar, India etc.). The
company’s high operational and financial
performance was achieved mamiy at the ex-
pense of the efficient, technologically bal-
anced. centralized sructure which has been
formed as early as 1970-1980, and as a result
of rational investment policy pursued by the
company.

Owing to immense audited reserve base of
Russian petroleum compames, many foreign
financial and industrial firms show intercst in
buying their shares, because together with the
gconomic growth, linprovement of the in-
vestment climate and increase of the Russia’s
credit rating against a deepening world’s en-
ergy crisis, the shares of Russian petroleum
and ene-gy companies should nevitably ad-
vance. Moreover, a foreign stake in Russia’s
VICs allows access to energy resources of
corresponding license areas. Thus, Ruhrgaz, a
German gas concern, recently acquired a sta-

shares are distributed among minor forcign
investors through a mechanism of American
Depesitory Receipts (ADRs).

The economic growth that started 1n Russia
promotes the increase of investments into oil
and gas projects, The immense resource and
technological potential of the petroleum com-
plex together with the further expansion of
investment activity will enable not only to
meet growing inland energy demand but also
10 increase export supplies both to the west
and east "], According to estimates made in
IPG SB RAS, given the adequate capital in-
vestments, the developmeut of Siberian and
Far East oif and gas resources afier mesating
Russ:a’s domestic demand for oil and gas,
will allow large export deliveries to
Asia-Pacific countrics, first of all to China,
during the first decades of the XXI1 century.
Crude exports from the Eastern Russia (o
Asia—Pacific countries could be expected at
3445 millior tons/y, gas exports could reach
120-135 billion m’syr. Russia's petroleum
companies have all pre-requisiies 1o increase
their operational performance. to ensure both
territorial and technoiogical diversification of
their activity, as well as to expand contacts
and strengthen their position in the world's

ke in Gazprom; BP Amoco acquired a 10% markets.
stzke in Sidanko, ard about 30% of Lukoil’s
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Abstract: The paper describes the geological structure of the largest fields in the Siberian Platforn. the

Kovykta gas condensate tizld and the Upper Chona gas condensate-oil field. Lithological and reservon

characteristics of the produetive deposits is given. ard the prospects of [IC pool extension in the teinge-

nous complex are substanriared.
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The Upper Chona gas condensate-oil figld
and the Kovykta gas condensate field are
amonrg the largest in the Siberian Platform.
The Kovykta field is located in the northeast-
ern part of the Angara—Lena petroleum region
(PR}, 350 km northeast of the city of Irkuisk.
and the Lpper Chona field is in the central
part of the Nepa—Botuoba PR, 270 km north
of the town of Kirensk.

The Angara—Lena PR 15 located in the
southern  Sibertan  Piatform. In the An-
gara-Lena PR, coinciding in area with the
superorder structure. Angara—Lena  step.
drilling in small amounts was performad as

garly as the 1930". In the 1940's, drilliag of

key boreholes started. The first small oil and
gas inflows were produced in the Bol'shayva
Razvodnaya and Osa prospects. Later explo-
ration activities increased sharply. The petro-

leum potentia] of the Vendian terrigenous
rocks and Lower and Middle Cambrian rocks
has been proved.

In 1975, the Bratsk gas condensate field
was discovered in the northern Angara—[ena
PR. A middle-sized gas-gas concensate pool
has been found in sandstones of the Parfvo-
novo productive hortzon of the Chora Forma-
tion (Vendian). The pool is bedded, arched
and s bounded in the east by a faull plane. In
the northwest the pool contour is controiied
by lithology and [fom the other sides-by
gas water contact (GWC),

In 1977, the Atovo gas condensare ficld
was discovered in the southern part ot the
Angara—Lena PR. A small-sized poo!l has
been found in the sandstones of the Parfyvo-
nove productive horizon of the Chora Forma-
tion {Vendian). The pool is beddzd. arched.
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litholagically sealed. Commerciul oil and ga»
mnflows were produced from the Osa produc-
tive horizon of the Usel'ye Formation (Lower
Cambrian)

i) and gas condensate inflows. including
commercial ones. were obtained in the Par-
fvonovo. Southern Raduy, Bil'chir, Krivaya
Luke. Bukino. Kazarc<ino areas and others,
Exploratory success rato was rather high.
Hvdrocarbon inflows have been obtained al-
moest in every third area which was braught
into drilling.

The Kovykta gas condensate field (Petro-
leum basing. 1993) 1s located 330 km north-
gast of [rkutsk, in the noitheastern part of the
Angara-Lena PR, Deep drilling activities
started here owing to the detechon by seisunc
survey  ¢f the Kaovykea large
dome-shaped structure of northeastern trend-
ing. The Kovvkta tield (Fig. 1) was discovered
i 1987 by the deep stratigraphic bore-
hole-281. A gas condensate pool has been
found in the Parfyvonove proguettve horizon
of the Crora Formation {Vendan), In 1988,
exploration activities were activated. Based

uplift--a

on explo-atory driling. the structural con-
figuration of the top ol the productive depos-
its 15 presented as a monocinal slope up-
warping southeastwards with a gradient of
1.3-353m km. The presence of dome-shaped
structare was 1ot confirmed by dnlimg, There
15 some evidence that the field 1s broken by
faults 1o three blocks. among which the
southwestern biock s the 1nost
high-amplitude and extenstve, The amplitude
of displacemem for the blocks 15 38—45m in
the buried northwestern part and 5~%m in the
uplitted southeastern part {Geology and pro-
aram. 1998},

The Parfyonove horizon shaws a regional

areal disiribution and is ovellapped and un-

derlain by the members of stlistone—argillite
rocks of 8—17 m and 100-110 m1 in thickness.
respectively. Within the drlled part of the
field, the horizon thickness increases from 40
n1 1o 75 m {romn the southwest to the northeast,
Based on lithologic-petrographic studies. the
Parfyonovo horizon has been subdivided into
the upper bed (P)) and fower bed (P.}), Bed P
includes the main portion of gas condensate
reserves of the Kovykwa field. In the south-
western part of the field, supplementary ob-
jectives for addinen to gas and gas conden-
sate reserves are bed Py oas well as the
stratigraphically undertying Bohan hovizon of
thc Lower Pechora Subformation (v endian)
and the Upper Riphean basal horizon.

Beds P, and P, are essentially different in
Iithologic composition, depositonal environ-
ments and reservoir paraneters. Bed P 15
composcd of grey, light-grev, fine-grained 1
silty. sandstones. Clastic rocks account for
R0% on average and are represented by quartZ,
feldspars, fragments of various rocks and less
conpmpenly, micas. Rock cement s nixed
carbonate-ciayey, with anhydrite being pres-
ent sporadicallv. Cementation is of porous.
contac! type. Due to imtense regeneration of
clastic materiai, clastic rocks arc character-
ized by dense compaction and .ow porosity
{5%—7%). Permeabtlity is (0.01-0.4)x 107 "m-,
Le. almost zere The deposits of bed P were
formed 1n coasial-maring environments, Their
thickness varies from 20m to 40 n. reaching
maximun values in the central part of the
tield. In bed Py, reservoir rocks have been
identified only in well-30 and well-31 n the
southeast of the field. They have produced
gas influxes to 80 thousand w’ day during
Joiut testing with bed P,.
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Bed P, is compased of greenish—grey in-
ecuigranular sandsiones with admixture of
coarse-grained and gravel fractions. Grading
of the terrigenous matenal relatve to bed P,
is worse. Sandstones are polymiche, the clas-
tic portion is represented, as in the upper bed,
and sulfate by composition. Reservoir type is
perous. The deposits of bed P, accumulated
under conditions of deltaic facies with braided
network of river arms and valleys (Geology
and prograni, 1998).

Based on logging data, bedy rock porosity
reaches 19% (wcighted average 15%) and
22°% (weighted average 13%) from core data.
Gas  permeability 990x10°1"m”
(weighted average 19x10°"% m?). The total
thickness of bed P, increases from 20 m in the
south and southwest to 40 m in the north and
northeast. Effective pay increases from 4 to
30 m in the same direction. The tests of bed
P, produced the infllows of gas-condensate
mixture from 34 to 300000m’/day and sepa-
rated gas from 35 to 263000 cu n1'day.

Production rates of the wells increased
northwards and northeastwards according to
increasing the values of effective pays and
filtrational-porosity properties of reservoirs.

Use of the modern techneological methods
of drilling in productive deposits and cn-
hanced 2il rccovery, particularly. capillary
impregnation with methanol as well as hori-
zontal drilling of boreholes, represent a sig-
nificant chance to increase the production

reaches

rates of wel.s.

Scparated gas from the pocel of the Parfyo-
nova horizon on average contams 9).7%
imethane, 6.1% nethane homologues. 1.7%
nitrogen, and 0.25% heltumr (geology and
program, 1998}, Average formation pressure
is assumed to be 235.7 MPa, formation tem-

i a
perature 15 53 (.

by quartz, feldspars, micas. and fragments of
various rocks. However, quartz content 1§
lower in comparison fo bed P : at the same
time feldspar content increases. Cement of
rocks is film-porous, and clayey-carbonate

Prasently exploration activities confinue in
the field. Facies replacement of reservoir
rocks of the Parfyonevo horizon by irper-
meable rocks has been detected only in the
southwest of the field during dnlling of wells
| and 174 in the Chikan prospect (Fig.l). A
clear tendency of worsening of reservor prop-
erties of the sandstones does not occur in
other directions, In the northwest of the field.
based on drilling data of wells 1 and 134 in
the Gruznovka prospect. the limit of cil and
gas content has been drawn at an absolute
depth of 2287 m. Gecelogical structure of the
poel in the Parfyonove horizon evidences of
its confinement to & giant lithological trap.

Detection of reservoirs in all wells drilled
in the ficld, constant values of their reservoir
parameters testify to a high probability of
further extension of a productive contour and
addition to gas and gas.condensate reservcs.
Comparison  of the proved gas and
gas‘condensate rescrves to the expected esti-
mation of their resources allows us to suggest
that nowadays only their third part has been
discovered.

The Nepa—Botuoba PR is localed in the
southeastern Siberian Platform. It includes the
superorder structure, Nepa—Botuoba anticlise,
and the adjacent first-order structure, Vi-
lyuchan saddle (Nepa—Botuoba, 1986). Ac-
tive exploration work started In this area in
the 1960's after the Markovo
oil-gas/condensate ficld had been discovered
in 1962, In 1960's— 970", following the
discovery of the Markovo field. the Yarakia.
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Ayan, Middle Bowoba, Vilyuy—Dcherba.
Danilovo, Tas—Yuryakh and Khotogo—Murbay
oil and gas fields have been discovered. In
these fields hydrocarbon pools have been dis-
covered in the Vendian terrigenous and car-
borate deposits and Lower Cambrian carbon-
ate deposits (Petroleum basins, 1994).

In 1976, drilling of six deep stratigraphic
Lpper Chona boreholes started which resulted
in the discovery of the Lpper Chona
gas-gas/condensate field in 1978, [n the 1980's,
extensive exploration activities were conducied
here As a result, large hydrocarbon pools have
been found in the lower part of the sedimentary
eover and reservoirs have been detected in its
upper par: (The Yarakta—Chona, 1999).

The Upper Chona field is located in the
center of the Nepa arch--the most uplifted part
of the Nepa—Botuoba anteclise. In 1976, the
Upper Chena uplift was explored by seismic
survey and the areas for deep drilling were
delineatec. Deep drilling has not confirmed the
southeastern closure of the fold. The field is
confined to a structural salient. The sahent was
broken into blocks hy faults controlling oil and
gas accumulation (Fig.2). In the northeastern
part of the field the Upper Chona-Talakan
graben has been mapped. Vertical displace-
ment atong the surface of the crystalline base-
mert reaches 100 m.

The Upper Chona field is multipool. Com-
mercial oil and gas accumulations have bcen
found in carbonate beds B, (Osa bed) of the
Usol've Formation (Lower Camnbrian), B, B,
and B (Ust'—Kut bed) of the Tetere Formation
(undivided Vend—Cambrian), B,, (Precbraz-
henska bed) of the Katanga Formation (Ven-
dian) and 1n terrigenous beds B, and B, of
the Nepa Formation (Vendian). Insignificant
HC inflows have been produced from the car-

bonates of the Khristoforove bed ol the
Rel'skaya Formation (Luwer Cambrian).

Most of oil and gas reserves of the field are
confined to the basal part of the sedimentary
cover--the Nepa Formation. Its deposits arc
built up of two transgressive cycles. each of
which is represented by sandstones and over-
lving argillites. At the base of the formaton.
the B,; bed sandstones occur on the surface of
the crvstalline basement or on the crust of
weathering developed on the basement. In the
graben zone they are underlain by the
pre-Nepa (precise age 1s not determinad) "rub-
bish-like" sandstoncs and gravelstones. Bed
B,, is composed of alternating layers of grey
and brownish—grey and feldspar—quartz sand-
stones. argillites, and silistones. [ts typical fea-
ture is an enhanced (to 15 mer) natural radro-
activity of sandstones due to their enrichment
in potassium feldspars. fragments of the hase-
ment weathering crust. Interlayers o7 gravel-
stones and coarse-grained "rubbish” sandstones
oceur tn the lower part. Improvement of grad-
ing and upward-fining of grains up the section
are common. Porosity of the Bed .3 sand-
stones varies from 8 to 20%, maximum per-
meability is 800x107°m” (Petroicum basins.
1994). Effective pay varies in different zones
from 0,7m to 8.5 m, the type of reservoir rocks
is porous. The maximum rate of production is
150 m’.day of oil and 90000 cu mvday of gas.

The total thickness of bed By decreases
regularly northwestwards due to onlapping
onto the upwarping surface of crysialline
basement and erosion from 20m up to
wedge-out. [t is overlain by the argil-
lite-siltstone member which serves as a seal for
bed,; and bed B in the southeast of the field.
This member, litke bed B, also wedges our

northwestwards due to erosion preceding the
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accumulation of bed B, The line of its
wedge-out 1s subparallel 1o that of bed B,
and transects the ficld from southwest to
northeast. Thus, bed B, ts directly overlam
by bed B, over the most part of the field that
creases conditions for their hydrodynamic
CONMECTion in SOMe arcas.

Bed B, 18 represented by grey, light-grey,
mainly quarts fine-, and middle-grained sand-
stones. Porosity of sandstones reaches 20%,
mean  values 12%—14%,
(200-300)x107""m-. The total thickncess of the

permeability s

bed decreases northweslwards from 18 to 5 m,

with minimum values berng marked in the
zone where bed ,; 15 absent and bed By rests
o1 the crystalline basement. Effective pay of
the hed reaches & m. The type of reservoir
rock 15 porous. The maximum rare of gas
production from bed ,, is 100000 cu m/day.
Formation pressure and lemperatures duc
to hydrodynanic relaiion are the same for
beds B, and B,; and cqual 13.3-15.9 MPa
and plus 18-19 C. Abnormally low pressure
of 13.3-14 MPa 1s recorded onlv in the ex-
remne northeastern block of the pool and in
the graben separating it from the major field.
Lithelogical factors affecting the migration,
accurmuiation and preservation of HC poals in
the soutliern Siberian Platform and, i par-
ticular. in the Upper Chona field have been
differenuated into primary (synsedimentary)
and secondary (postscdimentary) ones. The
primary factors are responsible for sand con-
tent in the section, inhomogeneity. dissection.
discontinuity, grading of psamimitic aterial,
amoun: and material compostiion of cement.
extention of productive beds. Sccondary pro-
cesses made the processes more complex.
These are recrvstallization and  fracturing
which inerease pore volume and permeability.
=3 well as leaching of earbonate cement under

the influence of aggressive formation waters
and chemical and physical weathering. Sec-
ondary cementation, sulfatization, silicifica-
tion, halitization, and regencration of detrital
grains make a negative effect on filtra-
Lional-porosity properties of rocks,

Combination of the primary and secondary
processes, being both positive and negative,
as well as irregular compaction ol seduments,
made the structure of productive beds more
inhomogencous. The diversity of depositional
covironments and complex combination of
initial factors and supcrimposed effecrs were
responsible for a complex geological structure
of reservons in the Upper Chona ficld and
adjacent areas (Lithology, 1988).

In the terrigenous complex of the Upper
Chona field, the pool contour has formed at
the expense of halitization almost throughcut
Its cotre extension. except the north and
northwest. where the contour is controtled by
water:0il contact. and the northeast. where a
tault bounding the graben serves as a scal (Fig,
2). The pool is complicated by the zones of
lithologic replacement of reservoirs by im-
permeable  rocks which were  penctrated
within the productive field. Thus, the pool in
the lerrigenous complex is non-anticlinai,
bedded, blocky. lithological, and tectonically
sealed.

In the Upper Chona field exploration ac-
tivities finished eariv in the 1990 However,
analysis of the geological structure and petro-
leum potential of this area evidences of the
possibility of a significant extension of the
productive field,

The Upper Chona field is located in the
central part of the Nepa—Botuoba anteclise
favourable for the accumulation and preserva-
tion of HU pools. As a result, it is surrounded
by “satellite” pocls. A pool. separated from
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the main productive field with a strip of dense
halitized sandstones, has been ocustripped
south of the Upper Chona field (Fig.2). In the
adjacent area commercial HC accumulations
have been found in the terrigencus complex
of the Vakunayka and Tvmpuchikan ficlds, in
the Preobrazhenka and Western Ignyalin

An cxtensive areal distribution of reser-
voirs 1n the terrigenous complex and a sig-
nificant stratigraphic nterval of petroleum
content which provide a high density of HC
reserves and resources are responsible for
high prospects of the Nepa-Botuoba and An-
gara—Lena petroleum regions, particularly, in

the areas adjacent to the Kovykta and Upper
Chona fields.

pprospects drilled by exploratory and deep
stratigraphic wells (The Chona. 1996}
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Carbonate Sedimentation in the Ripean Basins of

East-

ern Siberia

Ye. M. Khabaros

(Instiute of Petroleum Geology 8B RAS. Novosibirsk, Russial

ogy of Sibena.

Formation of reservoir properties of car-
honate rocks is known to be & long-term pro-
cess proceeding during the entire stages of
therr geologic history and is defined. to a
large exient, by depositional environments.
Some investigators do not attach much sig-
nificance to identification of primary deposi-
tional inhomogeneity of the Precambrian
rocks, assuming that taey are structurally and
genetically uniform and, in addition, are es-
sentially changed by secondary processes. In
particular, the ability of microbial communi-
ties to create rcef and reef-like buildups with
corresponding  structural-morphological ele-
ments has been questioned. However, types of
carbonate rocks and their depoesitional envi-
ronments in the Precambrian. as has been
shown by recent investigations during 0-15
years, were diverse and are much similar to
the Phanerozoic.  Major groups of carbonate
deposits and depositional models of their
farmation are considered below. The objec-
tve of investigarion is the Riphean carbonate
ormations of Eastern Siberia where they ac-
count for significant parts of the sections.
They formed in gecdynamically different

in geological survey and search for mineral deposits.
held his PhD in gealogy. He is currently studying the sedimentol-

Khaharov EM. — born in 1952, Head of laboralory in the insh-
fufe of Petroleum Geology. Siberian Branch. Russian Academy
of Sciences. 1976 - graduafed from Novosibirsk State Univarsity

1484 -

sedimentary basins and cover mainly the zn-
tire spectrum of type models of the Late Pre-
cambrian carbonate accumulation (Fig. 1.

It has been ascertained that primarv gen-
cration of carbonate particles in the Late Pre-
cambrian basins. as in the Phanerozoic. oc-
curred with direct and indirect involvement of
bios. However. absence of lime-producing
organisms of dif-rent tvpes in the Precam-
brian was responsible for a relative uniformity
of carbonate grains and also not always dis-
tinctive structural-morphological differentia-
tion of sedimentary systems which are, as a
whole, homelogous to the Phanerozoic ones,
The mest prominent among them arc carbon-
ate platforms with a rim close to the shalf
edge or slightlv distant. classic (homoclinal)
and supergentle carbonate ramps differring in
the dominance of autochthonous biogenic or
storm processes, and deep-water slope and
basinal deposits, in the formation of which
gravity processes were of major importance.
The principal models of carbonate sedimenta-
tion in the Riphean basins of Eastem Siberia
arc shown in Fig.2 {(Khabarov. 1999},
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Fig. 1 Distribution and correlation of the Riphean deposits of southern Eastern Siberta,
partially 2 stromatolilic,
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fine-intraclastic (b), 4—oolitic-peloid-pisolitic, 5-clayey (a) and clayey-carbonaceous {b}, G-arenaceous:

Racks.
7 | 2—dclomites; 7-siitite-micritic, partiaily recrystallized, 8-stromatolitie, 9 coarse (2} and fine-intraclastic (k).

10 oolitie-nelaid-pisolitic, 1t-clayey, 12 arenaceous: 13-15 argifiites: 13-low-carbon {a) and carbomaceos (b,
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14 calcareous (2) and calearcous-carbonaceous (bl 15-silty (a) and siitv-carbonaceous (b). Iéa-silisiones;
17-sandstores; 18 coarse-clastic rocks with sandy-asgillacconr matrix: 19-soleanogenic-sedimentary deposits.
20 Archean-Early Proterozoic basement; 21-unconfermable boundaries: 22-26-lower boundaries oft 22- Ven-
dian. 23 -upoer portion of the Upper Riphean {Baikalian). 24-Upper Riphean, 25-Middle Riphean. 26-Lower
Riphcan.

Formations: krp-Karpinskiy Khrebet, pn-Penchenga, kd-Korda, gh-Gorhilok, ud-Uderev, pe-Poporvuy.
s Sosnoviy, kr-Kartochky, al-Alad'vina. krg-Krasnaya Gora. dg-Dzhor, sn-Shuntara. sk-Seryl Kluts,
de-Dadykla, na-Nizhneangaisk, ds-Dashka. z|-Zelindukon. vdr-Vehdrehshe, mdr-Madra, jrb-Yurubchen.
dl-Dojgokta. km-Kuyumba, kp-Kopchera, jkt-Yukta, tke Tokur, irm {rehmebkehn, gl-Goloustenskava.
ul-Uluntuy, ke-Kachergat, gn-Gonam, om-Omakhta, tl-Talyn. sv-Sveilinskaya, t-Totunskaya, mi-Malga,
zp-Taipandinskava, nr-Neryuenskaya,  ign lgnikan, ko Kandyk, pp-Purpul.  md Medvezhewskaya,
hrl-Khoriukhtakh, hv-Khaiverginskava. bg-Bligarikhta. mrn-Maninskava, dgm Dzhemkukan. brh-Barakun,
vI-Valyukhta, nk -Nikol'skaya, en-Chenclunskava. Legend for the scheme of distribution of the Riphean deposits
in the modern structlure of southern Eastern Siberia; |-2-areas of dominant distribution of the Riphean deposits:
t-exposed, 2-overlain by younger formations; 3-4-areas of dominant distribution of the pre-Riphean complexes:
J-exposed, 4 overlain by the Vendian-Phanerozoic deposits, Figures indicate location of the doctions. The fower

part of the section (up to the Tottinskaya Formation) of the Lchur -Maya region was constracted from data

[Semikhatov, Serebryakov, 19831

Carbonate sedimentation s known to be sedimentary zones; (2) a well-expressed rim
controlled by the ratc and style of tecionic with stromatolitic barrier reefs and grainstone
subsidence of the basement, the climate, rela- shoals; (3) rhvthmic structure of deposits of
tive and eustatic variations of sea level, the the inner part of the platform associated with
production intensity of carbonate material, the the formation of peritidal and subtidal pro-
volume and pericdicity of siliciclastics input grada‘ional and aggradational cycles of shal-
into a basin and the preceding topography. lowing. There have been distinguished ag-

It is essential that most of these factors are gradational, progradational, rctrograde and
interrelated, and their total impact on the car- complex platforms, the development of which
bonate accumulation processes strongly de- strongly depends on sca-level variations. In
pends on the type of ¢ sedimentary basin. For particular, durning a lowstand of sea level,
this reason, in order to understand the general carbonate deposits can be exposed and un-
regularities of carbonate accumulation, it is derweni the processes of meteoric diagenesis.
important to reveal the relationship between Transit of stheiclastic material through the
different carbonate sedimentary systems and platform with its input into a deep-water fore-
types of basins which developed in the Late platform depression is possible during the
Precambr.an, particularly, in Eastern Stberia. same phase,

Carbonate platforms occur in the basins of Ramps whicn transform into shelf slopes
passive margins, on near-platiorm slopes of (distally stecpened ramp, from Read, 1983)
back-arc sasins, less commoniy in foreland can form in the same basins. These ramps are
hasins, and sometimes m rift basins, including also claracterized by reef-like structures and
intracratonic ones. Paltforms are character- oolitic-intraclastic shoals.

ized by: (1) a relatively distinet distribution of A wide development of barrier reefs and
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teef-like  buildups  and  oolitic-intraclastic
shoals, as well as shallow cycies in the car-
honate platforms. suggests 4 mass and pre-
dicted distribution of carbonate rocks with
potentially good primary porosity and hiltra-
tional properties.

Hemoclinal and  supergentle carbonate
ramps are characteristic of intracratonic ex-
tensive basins with a delayved rate of the
basement subsidence. They are characterized
by: 1) belts: )
rhythmic structure which is associated with
the formation of aggradational and prograda-
tional cycles of shallowing; 3) absence of
well-structured reefs, even though patch reefs
and grainstone shoals are widespread: 4) a
wide development of storm deposits. In the
carbonate ramps the sedimentation processes
depend much on different-scale variations of
sea level. because at small angles of bottom
slope & very rapid migration of sedimentary
zongs occurs. With a sharp rise of sea level,
the area of intense carbonate formation de-
creased and deepening of the basin occurred.
With sea level highstand, grainstone shoals
and stromatwolitic buildups prograded sca-
wards. Formation of thick stromatolitic build-
ups was limited by subsequent fall of sea
level and therr rapid progradation into
deep-water part of the basin. In such basins
the carbonate rocks with potentially good rcs-
ervelr properties are sharply localized in the
form of narrow linear belts. Usually they oc-
eupy the upper parts of progradational and
aggradational shallowing-upward cycles and
may occur aimost throughout the entive basin.
Along with this, extensive zones with preva-
lence of stromatolitic buildups or ooli-
tic-intraclastic grainstones are marked in them
(Khabarov, 1999).

Large carbonate banks formed mainly in

indistinctive lithofacies

back-are and foreland basins in the periods of
activacion of synsedimentary tectonic move-
ments. The latter created the systems of up-
lifts and depressions thai predetermined a
spatial localizazion of carbonate banks. In
case barks reached a fair weather wave base,
scdimentary complexes with good primary
filtrational-porosity properties conld form on
them.

Within the oil-bearing Baikit anteclise, the
Riphean deposits arc composed mainly of
early diagenetic dolomites. among which
stromatolitic, micritic, and
oolite-peloid—pisolite-iniraclastic  grainstones
and packstones are distinguished, Grainstones
and stromatolitic rocks dominate (Fig.1).

These types of rocks are invelved in the
strugture of lithologic complexes which are-
ditferent in composition, structur2. and depo-
sitional environments. Thirty lithocomplexes
have been distinguished in the Riphean de-
posits. Their thickness varies from the first
tens of meters to 250 m, but usvally is about
100 m. The complexes formed mainly in the
peritidal and subtidal environments of car-
bonate., sometimes moderately limited shelf,
Westwards, within the Yenisey Ridge, siope
and basinal plain environments occurred
(Kontorovich et al., 1996, Khabarov, 1999},
Sedimentation was largely controlled by dif-
ferent-scale variations of sca level which was
reflected 1n the lateral nugration of depoesi-
tional environments to form lithologic com-
plexes with different primary reservoir prop-
erties, During sea level lowstand. carbonate
accumulation became poor or ceased, with
transi: of siliciclastic material. The most sig-
nificant falls of sca level are marked by de-
crease in 87 C walues and increasz in
8781855y, Shoal deposits, as well as those of
poorly expressed interbar depressions with
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Fig. 2 Principal schemes of formation of the carbonate deposits in the Riphean basins of Eastern Siberia.
A barrier reef system of the margin of the carbonate platform with a wide penitidal inner shelf (rim of the car-

bonate platiorm coincides with the edge of the shelf), B-bamrier reef system of the margin of the carhonate plat-
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fbrm with a wide subtidal inner shelf {(rim of the carbanate platform coincides with the cdae of the shelf),

C -intrastie!f barrier rect sy stem of the margin of the carbonate platform, the rim of which is distant from the shelf

edge. D-linear intrashel! reef-lke systom of open carbonate shelf - ramp (distally steepened ramp, from Read.

1985}, E—system of patch. biostromes and hiocherms, poorly structured linear reef-like buildups of bemoclinal

carbonate ramp witb a gradual transition into a moderately deep-water basin, F—system of large reef-like banks

(isplated carbgnate platforms) and fringing reefs tn a mederately deep-water basin, FWB—fair weather wave base.

SWB-storm wave base,

act.ve accumulation of laminites and grain-
stones—packstones, possess good primary
rescrvolr characteristics, Such environments
appeared penodically, but were most devel-
oped in the Yurubchen, Kuyumba, and, less
commonly, Yukta times.

The carbonate rocks of the Baikit anteclise
show extensive postsedimentary alterations of
rocks: recrystailization, cavern formation,
stylolitization, silicification, and fracturing.
We note, in the [lirst place, an important role
of early diagenetic processes, essentially af-
fecting the formauion of filtrational-porosity
properties of carborate rocks. Fenestrac or
their relicts, which in most cases affected
greatly the processes of later recrystallizanon
and formation of secondary caverns. occur in
the deposits of the Yuarubchen, Kuyumba and.
less commonly, Yukta Formations, Silicifica-
tion was widespread. which occurred during
the ecarliest diagenesis as covidenced by
well-preserved sedimentary microstructures.
However, stliceous material was recrystal-
lized and redistributed during later stages of
diagenes.s. Fracturing is multistaged. Frac-
furing was most intense during Early Baika-
lian tectonic events (~&85(Ma), Cavern forma-
tion 1s mainly associated with fracturing of
this stage. Formaiion of karsts occurred in the
pre-Vendian time.

Correlation between sedimentary structure
of rocks and the degree of postscdimentary
alterations is observed. The carbonate com-

plexes with good primary reservoir properties
usually display more inlense postsedimentary
rock transformations which favoured the for-
matoa of reservoirs of fracturec and cavern-
ous-fractured types.

Finally, we should note that carbonate
sedimentation in the Late Precambrian besins
as well as the Panerozoic ones, (s associated
with life activity of bios which was directly or
indirecilv involved in producing calcium car-
bonate. Both shallow-water and deep-wuter
carbonate sedimentary systems arc much ho-
mologous to the Phanerczoic ones. Diversity
of sedimentary basins was responsible for the
formation of a wide spectrum of carbonate
deposits which possessed potentially good
rescrvoir  prepertics, Sccondary  processes
have largely changed the primary filtra-
tional-porosity characteristics of the Riphean
carbonate deposits, however, their relation to
sedimentary structures has still preserved.
Therefore, when estimating the reservoir
properties of the Late Precambrian carbonate
rocks, much emphasis shouid be placed on
paleogeographic reconstructions with pre-
dicting and studying the zones of reefs. grain-
stone shoals and other types of deposits-- po-
tentially good reservoirs, Of major impor-
tance also is the analysis of relative variations
of sea level. because lowstand phases are fa-
vourable for subaerial exposure of carbonate
deposits which is accompanied by meteoric

diagenesis.
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INTRODUCTION OF RESEARCH INSTITUTE OF PETROLEUM
EXPLORATION AND DEVELOPMENT

Jia Chengzao and Gu Jiayu

Research Institute of Petroleum Expioration and Development of CNPC
(RIPED), a famous academy of petroleum science, directly under the CHINA
NATIONAL PETROLEUM CORPORATION (CNPC), is only comprehensive
organization for scientific research and technotogical development on all
aspects of the upstream of petroleum industry ,such as oil gas exploration
and development, drilling and production engineering, equipment and
instrumentation, oiffield chemistry and computer application.

There are about 1400 staffs and workers and 27Departments in RIPED, in
which Senior engineers of 28%,engineers of 26%,assistant engineers of
20%and others of 26%.There are 74doctors and 180 masters.

Research organization on oil and gas geoclogical exploration and
development & production in RIPED are Petroleum Geology Dept..
Patroleum Geophysics Dept., Remote-sensing Geology Dept., Nature Gas
Dept., Geological Lahoratory Center, Oil & Gas Field Development Dept.,
Production Engineering Dept., Thermal Recovery Dept., Enhanced Oil
Recovery Dept., Fracturing & Acidizing Techniques Service Center, Porous
Flow & Fluid Mechanics Dept. Software Research Center and Computer

Application Technology Dept.

With nearly 50 years development of China petroleum industry, RIPED has
been growing up a mature and versatile academic institute, Not only does
she posses high sophisticated instruments and devices, but the more
important she bring up a large group of competent experts with extensive
knowledge and nch field experiences covering all aspects of petrcleum

science.

RIPED has wide international ties closely linked to the institutes and
companies of several tens countries around the world in the academic
exchange and research cooperation. RIPED has strong interests to
cooperation with more and more countries. It is confident that such bilateral
scientific and technological cooperation will benefit both sides and promote
petroleumn technologies in cil industry.
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INTRODUCTION OF INSTITUTE OF PETROLEUM
GEOLOGY, SIBERIAN BRANCH OF THE RUSSIAN
ACADEMY OF SCIENCES

A.E. Kontorovich and N.V. Sennikov

The average-listed number of the workers of the Institute, as of January 1,
2000, is 242, of them 132 scientific workers, including one full member of the
Russian Academy of Sciences, two corresponding members of the RAS, 34
doctors of science, 52 candidates of science, 76 workers having higher
education without scientific degree, 47 young specizalists aged under 35, 29
workers take post-graduate courses, of them 18 persons take full-time
post-graduate courses.

The Russian Foundation for Basic Research officially supports two

scientific schools: :
The School of A. E. Kontorovich - Naphthide genesis and its evelution in

the Earth's history.

The School of the correspending member of RAS A. V. Kanygin - The
world and regicnal regularities of evolution of the Late Precambrian and
Phanerozoic ecosystems of Siberia, parallel zonal scales and
palechiogeographic reconstructions.

Major Scientific Goals

¢ Qil and gas problems: a) naphthidogenesis and its evolution in the
Earth's history, worldwide and regional reqularities of oll and gas field
distribution; b) organic geochemistry.

sSedimentary basins: biota composition, evolution and chorclogy of the
Precambrian and Phanerozoic paleobasins as the basis for distinguishing the
regularities of biosphere evolution, development of stratigraphic charts with
different scales and methods of deep stratigraphy of petroleum basins; b)
regional tectonics of platform areas; c¢) sedimentology.

» Formation conditions of giant oil and gas fields. Mineral-raw material
problems of geoeconomy and geopolicy. a) assessment of ¢il and gas
resources onshore and offshore of the Russian Federation, prediction of
development of the Siberian cil and gas complex, its role in fuelenergy
complex of Russia with regard for the worldwide tendencies; b) theoretical
principles of methads and new technologies for prediction, prospecting and
expltoration for oil and gas fields.

sResources, dynamics and censervation of underground waters: geological
development of the system water-rock-organic matter as the basis for solution of
hydrogeclogical and environmental problems in the Siberian basins.
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Trends in Scientific Activities and Types of Work

Complex investigation of sedimentary petroleum basins, paleontology,
stratigraphy, organic geochemistry, assessment of oil and gas resources
onshore and offshore of RF, prediction of development of the oil and gas
complex of Siberia and its influence on the fuel-energy complex of Russia,
theoretical foundation of methods and new technologies of prediction,
prospecting, and exploration for oil and gas fields, hydrogeology, and
geoecology.

The Institute was granted three licenses by the RF Ministry of Natural
Resources for performing all types of geochemical works and for constructing
geological composite and areal maps of different-scales.

The Institute carries out investigations at high scientific level according to
the approved plans of research works and fundamental investigations
according to the orders made by the Ministry of Natural Resources, Ministry of
Fuel and Energy of Russian Federation, Administration and Regional
Committees on natural resources of the Tomsk and Novosibirsk regions,
Yamal-Nenets and Evenk autonomous areas, Krasnoyarsk kray, Khakass
Republic, oil and gas companies such as J3C "Gazprom", SC "Lukail”,
"“Yukos", "Sibneft", "Slavneft", and others,

The work concerning the scientific substantiation of the Precambrian
petroleum potential of the Siberian Platform was awarded by the 1994 State
Prize of the Russian Federation in the field of science and engineering.
Academicians A. A. Trofimuk and A. E. Kontorovich won the Prize.

Professor Yu. N. Karogodin (within the collective body of authors} won the
1998 State Prize of the Russian Federation in the field of science and
engineering for a series of works "Creation and realization of
scientific-methodical foundations for prediction, prospecting, exploration, and
exploitation of hydrocarbon fields of Northernmost Siberia®.

The Institute of Petroleum Geology SB RAS carries out the entire cycle of
geologic and economic studies of the oil and gas complex of Russia,
concerning: a)short-, medium-, and long-term predictions of development of
this complex both at macro-, and microlevel with regard for the worldwide and
national regularities of energy consumption, dynamics of its siructure and
efficiency, as well as natural properties of the development of producing fields
of economy; b) the whole cycle of vertical integration in cil and gas industry is
investigated from the exploration for hydrocarbon fields to their develocpment,
conservation, and marketing of production with differentiation by countries,
economic regions, and managing subjects; ¢} from individual petroleum
provinces and regions to some petroleum-producing enterprises and
companies; d) geologic-economic developments are performed, starting from
assessing the petroleum potential of the Federation subjects up to studying
the sections of some prospects and wells; compiled are the programs of
prospecting, exploration, and evaluation works in petroleum provinces and
regions, with prediction of works in local areas and location of well spudding;
e) compiled are the programs of reproduction of the mineral-raw base in
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allocated and non-allccated underground resources, programs of
underground resouirce licensing at the bids granting the right for their use.

Publications
The Institute publishes monographs and papers on petroleum potential,

stratigraphy, paleontology, lithology, and sedimentclogy, hydrogeology and
geoecolagy, structure and geologic history of petroleum basins and adjacent
areas; tectonics of the platform regions; geochemistry of oils, geochemistry of
biomarker hydrocarbons and oil source rocks; atlases and sets of various
petroleum geoclogy maps to a scale from 1.200 000 te 1:1 000 000 (of geologic
knowledge, structural, tectonic, geologic, licensed prospects promising for ol
and gas, organic matter catagenesis, oil, and gas-generating potential of
deposits); data basis on gecchemistry of kerogen, oils, and condensates;
thematic reports on the results of investigations ordered by the Ministries,
departments, administrations of the Federation subjects and companies of the
oil and gas complex.

Ten large works have been performed acoording to the order made by the
Ministry of Natural Resources, Ministry of Fuel and Energy of Russia,
Administrations and Regional Committees on natural resources. The works
have been compiled as voluminous composite reports with graphic
enciosures containing maps, atlases, and sets of various pelroleum geology
maps to a scale from 1:200 000 to 1:1 000 000 (of geologic knowledge,
structural, tectonic, geologio, licensed prospects promising for oil and gas,
organic matter catagenesis, oil, and gas-generating potential of deposits);
data basis on geochemistry of kerogen, oils, and condensates. The reports
contain comprehensive data on the investigated problem, definite conclusions
and recommendations. The copies of these reports are kept at the geologic
funds of the Institute. The results of the investigations are widely used by the
Ministries, Administrations of the Federation subjects, companies, etc. A
series of documents were passed to the Government of RF and have been
highly appreciated. The leaders of the Government were charged to use them
in the definite forecasts and projects.

State Programs
Programs of the Ministry of Natural Resources, Ministry of Fuel and Energy

of Russia and the program "Poisk™ of the Siberian Branch of the Russian

Academy of Sciences.
The ~ederal specific program of economic and sccial development of

Siberia {FSP "Siberia"); Project "Energy strategy of Siberia”.
State scientific-technical program "Global changes of environment and

climate”.

Iinternational Projects
Company "Petroconsultants 3. A" (Switzerland), coordinator academician A.

E. Kontorovich
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Company "GeoMark Research, Inc." (USA), coordinator academician A. E.
Kontorovich

"Engineering Advancement Association of Japan (ENAA)", coordinator
academician A. E. Kontorovich

Orders Made by the Companies of Oil and Gas Complex
Eastarn oil company
Qil Staie Company "Slavneft”
"Nadymgazprom" JSC "Gazprom”
JSC "Noyabr'skneftegaz"
"Nizhnevattovskneftegaz"

Orders Made by the State Regionat Committees on Natural Resources
The Comnittee on Natural Resources of Krasnoyarsk Kray
The Committee on Natural Resources of Khakass Republic
The Committee on Natural Resources of Tomsk region
The Committee on Natural Resources of Yamal-Nenets autonomous area,

JSC "SibNATS"
The Committee on Naturai Resources of Evenk autonomous area

Works in Cooperation with the Research Institutes Subordinate to the
Ministries

Siberian Research Institute of Geology, Geophysics and Mineral
Resources (SRIGGMR) of the Ministry of Natural Resources

Krasnoyarsk Research Institute of Geology, Geophysics and Mineral
Resources (KRIGGMR) of the Ministry of Natural Rescurces
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