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Study on Sedimentology and Oil Source
from Jurassic Coal-Bearing Series in
Tuha Basin, Northwestern China

Abstract

The Early and Middle Jurassic terrestrial coal-bearing strata of Tuha (Turpan-Hami)
basin, Xinjiang Autonomous Region, northwestern China, are well known coal and
petroleum sources, especially as a first coal measures-related oil model of China from coal
and carbonaceous mudstone in situ. This book, based upon authors’ research with compre-
hensive methods including sedimentology, organic petrology and geochemistry for a few

years, is dedicated to the 15th World Petroleum Congress.
1. Geological Setting

1. 1 Tectonic framework and tectonic evolution

The Tuha basin lies on the eastern part of the Junggar-Turpan subplate of Kaza-
khstan paleoplate, which is adjacent to Siberia and Tarim Paleo-plates. The present Tuha
basin is an intermontane basin surrounded by orogenic belts of different ages and origins.
The basin is characterized by structural zonation both in N-S and E-W directions, con-
trolled dominantly by compressive structures such as thrusts and nappes. Similar to the
most sedimentary basins of the northwestern China, the Tuha basin has undergone a long
period of complex tectono-sedimentary evolution. We believe that this basin is the superim-
position of three basins formed in distinct stages under different geodynamic conditions, i.
e. s 1) development of the residual foreland trough in front of collided belt during the Late
Permian and the Triassic, 2) extensional basin of the Early to Middle Jurassic, 3) compres-
sive basin from the end of Mesozoic.

In the Early Mesozoic, the northwestern China was in the state of stress relaxation af-
ter collision of paleo-plates. The late orogenic extension caused many basement faults reac-
tivation as normal faulting, which controlled the deposition and there was a tectono-geo-
morphic peneplane environment in Xinjiang Autonomous Region. Tuha and Junggar basins
belonged to an unified sedimentary basin during the Early to Middle Jurassic, they were
separated by uplift of Bogda mountains from the end of Middle Jurassic. Geophysical and
lithofacies analyses reveal a framework of rhomb-shaped block basement, six NE-SW

trended thickness variation zones and five NW-SE trended ones are identified in the Tuha
basin.



Based on field geological investigation and data handling, we have determined three
periods of tectonic stress fields since Mesozoic. They are, a dominant stress field of the
maximum compressive stress axis in N-S direction, two periods of lower level or local
stress field of the maximum compressive stress axis in NE-SW direction and NW-SE direc-
tion respectively. This progress is helpful to the study of tectonic evolution of Tuha basin
and distribution of traps in the basin.

1. 2 Study on Palaeobotany and Palaeoclimate

13 genus of spore and 12 genus of pollen are distinguished. The genus are Lycopodi-
umsporites, Deltoidospora ,Cibotiumspora , Granulatisporites, Biretisporites , Dictyophyllidites ,
Apiculatisporis, Stereisporites, Calamospora, Cerebropollenites, Chassopollis, Monosulcites,
Pseudopiceae, Araucariacites, Podocarpidites, Chordasporites Psiloschizosporis, Piceaepol-
lenites, Quadraeculina, Chasmatosporites.

In the fossil plants,14 genus and 23 species are determined. Sphenophytes,ferns, gink-
go and conifers are the predominated elements, such as Equisitites lateralis Phillips, Nec
calamites hoerensis (Schimper) Halle, Coniopteris hymenophylloides (Brongniart) Seward,
Coniopteris bureyensis (Zalessky) Seward, Coniopteris tatungensis Sze, Cladophlebis
Jangtzuensis Sze, Baiera gracilis (Bean Ms. ) Bunbury, Gingoites ..biricus (Heer) Seward,
Phoenicopsis speciosa Heer, Sphenobaiera late (Vakhrammev) Dou, Czekanowskia rigida
Heer, Podozamites lanceolatus (1.. et H.) Braun, Pityophy lum solmsi Seward.

The flora of the Early and Middle Jurassic is represented by the assemblage of Co-
niopteris hymenophylloides- Phoenicopsis speciosa.

The in-situ cuticle of three species in ginkgophytes is examined. The thickness of the
cuticleranges from thin to medium thick. Stomata slightly sunk.

Annual rings are seen clearly in the transverse section of the wood. The development
of the early wood and the late wood are different. The rings in the early wood are wider
than the late wood. The tracheids are larger in the early wood too.

The fusiain is observed with SEM. According to the characters of the tracheids and
cross-field pitting, in dicated that the fusiain belongst conifers.

Som segments of wood are discovered from the phyterals of the coal. The wood relates
to ginkgophyted or conifers.

Based on the investigation of sporo-pollen, fossil plants, anatomy of wood, fusain
(observed with SEM)and the phyterals in the coal,it is shown that the condition of palaeo-
climate is temperate and humid. The existence of anuual ring and more developed early

wood indicate that there is seasonal change in a year and the warm and humid period is
longer than the drier one.

2. Depositional environments and palacogeography
and their controls on coal accumulation

2. 1 Lithofacies, lithofacies association and depositional model
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In order to recognize the depositional environments of the Eatly and Middle Jurassic
coal-bearing sequences, various sedimentary characteristics of the coal-bearing sequences
have been investigated, including lithology and lithofacies, sedimentary structures, well-
logging interpretation, clay mineral assemblages, grain size analysis and geochemical trace
element analysis,etc. As a result of synthetic study,twenty-nine lithofacies have been iden-
tified and their possible environmental interpretations are summarized. They are further
classified into 17 sedimentary facies associations and 5 depositional systems. The five depo-
sitional systems are braided fluvial system, meandering fluvial system, braid delta system,
(meandering channel) delta system and lacustrine system (Table 1).

2. 2 Palaeogeographical Evolution

2. 2. 1 Methods of Palaeogeographical Analysis

The palaeogeographicafmaps of different stages during the Early and Middle Jurassic
for Tuha basin have been drawn based on five field columnar sections, six basin-wide sedi-
mentary cross sections, and various analytical maps. Five field geological columnar sections
are those distributed along Aiwergou, Taoshuyuan, Qiquanhu, Kekeya, and Sandaoling
coal mines, respectively. Six basin-wide sedimentary cross sections include one from
Tuckesun depression, four from the Taibei depression, and one from the Hami depression,
respectively. The maps used for palaeogeographical analyses include isopach of the strata,
isopach of sandstone and conglomerate, percentage sandstone and conglomerate map, con-
tour map of the coarse-fine ratio—the ratio of the coarse-grained sediments (sandstone and
conglomerate ) and fine-grained sediments (siltstone, mudstone, siderite , and coals) ,isopach
of the source rock (coal and carbonaceous mudstone) , percentage map of conglomerates and
so on. The stages for palaeogeographical analyses have been subdivided int‘.o the Early
Jurassic Badaowan stage, the Early Jurassic Sangonghe stage, and the Middle Jurassic Xis-
hanyao stage. The Xishanyao stage is further subdivided into four periods, corresponding
to four members of Xishanyao Formation. The first two periods belong to the early Xis-
hanyao stage, and the last two periods belong to the late Xishanyao stage. In this abstract
we will introduce the palaeogeographical patterns and their evolution of the Badaowan
stage (J,4), Sangonghe stage (J;s), early Xishanyao stage (J,2'*?) and late Xishanyao stage
(J,£**"). Coals and carbonaceous mudstones, which represent the major source rocks, are
mainly preserved in Badaowan Formation and the second member of Xishanyao Formation.

2. 2. 2 Lithofacies palaeogeography of the Early Jurassic Badaowan stage

The Badaowan Formation is mainly composed of coarse-grained clastic rocks dominat-
ed by conglomerates and coarse grained sandstones, interbedded with fine-grained sand-
stones and siltstones , and intercalated with some thick coal seams. The palaeogeographical
units include alluvial plain (dominated by the braided river system), upper delta plain, low-
er delta plain, subaquaeous delta and shallow lake, which were responses of strong
marginal faulting activity and high topographical relieves during the initial stage of the

basin re-subsiding. The delta lobes developed during the Badaowan stage include those
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Table 1 Depostional System and Depeositional Facies Characteristics for the Early
and Middle Jurassic Coal-Bearing Sequences in Tuha Qil Basin

Depositional Fac.i es_ Subfacies Lithofacies
Systems Association
odinal
. . braided channel longitudinal and Gm, Gms, Gt, Gp
Braided fluvial transverse bars
flood plain Sta
meandering basal lags, point bar Smg, Sh, Sp, St
channel
Meandering fluvial channel bank levee, crevasse Sir, Sim, Sih
splay
flood basi flood plain, back- Sir, Sim, My, Mg,
o0d basia bank lake, swamp Md, Ms, Mc¢, Msi, C
gravelly braided
distributary channel Gt Gp.
delta plai i
elta plain sa'md?' braided St, Sp
distributary channel
Braid delta interdistributary bay Sir, Me, C
gravelly mouth bar Gp, Gm
delta front sandy mouth bar Sty Sp
distal bar Sir
\ prodelta Sir, Md
‘ meandering channel Smg, Sh, Sp
upper levee Sir, Sim
delta crevasse splay Sih, Sir
plain flood basin Sim, Mg
delta -
plain back swamp Msi, Mc, C
distributary channel Sp, St, Se
Delta (meandering l:virter interdistributary bay Sih, Sim
elta
or low sinuosity : interdistributary ’
channel) plain swamp Mg, Mec, C
subaqueous .
delta distributary channel Sim, St, Sp, Smg
subaqueus front mouth bar Sic, Stb, Sta
delta
distal bar Sir
prodelta Md, Sir, Sih
interdelta bay C, Me¢, Ms, Md
deeper lake Md
open shallow lake Mg, Sim, Smg, Smp
Lacustrine (including storm deposits) Shu
lacustrine bay Md, Mc, C
longshore bar Stb

from both north provenance and south provenance. The delta lobes from the north prove-
nance include Aiwergou delta, Kerjan delta, Kekeya delta,and Zhao-1 well delta. The delta
lobes from south provenance include Da-1 well-Qiquanhu delta, Qiketai delta, and Gadatai
delta. The lake was distributed along the north side of the Taibei depression. The Hami de-

pression was dominated by the deltaic deposits from the east, south and west sides of the
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depression and with the lake area in the vicinity of Ha-2 and Ha-3 wells in the north of the
depression. The Da-1 well-Qiquanhu delta dominating the most area of the western part of
Taibei depression controls the facies and source rock distribution.

2. 2. 3 Lithofacies palaeogeography of the Early Jurassic Sangonghe stage

The Sangonghe Formation is composed of brown and dark grey shales and intercalated
with sandstones and occasionally marls with cone-in-cone structure. This Formation repre-
sents the expanding and water flooding period of the basin. The major palaeogeographical
units include retrograded delta, shallow lake, and deeper lake. The shales were formed in
shallow and deep lake environments.

2. 2. 4 Lithofacies palacogeography of the Middle Jurassic Xishanyao stage

The Xishanyao Formation consists of sandstones, siltstones, mudstones and coal
seams, which was formed in the deltaic and lacustrine depositional systems when the lake
was filled again. During the early period of Xishanyao stage, the water is relatively shal-
lower due to the rapid prograding of the delta. The palaeogeographical units of this period
include fluvial-upper delta plain, lower delta plain, subaqueous delta, interdeltaic bay, la-
custrine bay and shallow lake. The coal accumulation was favoured in the interdeltaic bay,
lacustrine bay and lower delta plain. During the late period of Xishanyao stage, the water
became deeper due to relatively rapid subsidence of the basin and consequently,is not bene-
ficial to the coal accumulation. The major paleogeographical units include deita plain, sub-
aquaeous delta, lacustrine bay and shallow lake.

In general,during the Early and Middle Jurassic the basin experienced swamp develop-
ing—lake flooding-again swamp developing —again lake flooding processes. Two swamp
developing stages are Badaowan stage and early Xishanyao stage, and the large scale coal
accumulation occurred in lower deltaic plain and interdelta bay environments.

2. 3 Controls on coal accumulation

The accumulation of source rocks (coal and carbonaceous mudstone) was controlled by
both tectonic subsidence and depositional environments. Three dimensional correlation
analysis between the percentage of the sandstone and conglomerates (indicating deposi-
tional environments), the thickness of the strata (indicating subsidence) , and the thickness
of the coal and carbonaceous mudstone has been made for the coal members. The analysis
shows that the beneficial environments should be the interdelta bay, the lower delta plain
and the back swamp of fluvial system, where intermediate subsidence (totally 300-700m for
the Badaowan Formation and 400-600m for the first and second members of Xishanyao
Formation) was kept and there was little input of coarse— grained sediments (mostly less
than 50%% of coarse—grained sediments), and water table remains stable which was suit-
able for the development of swamps.

2. 4 Provenance of the Tuha Basin during the Early and Middle Jurassic

The provenances of the basin during the Early and Middle Jurassic include the
Juelotag mountains to the south of the basin and the Bogda and Harik mountains to the
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north of the basin, but the Juelotag mountains provide major sediments to the basin. The
Bogda-Harik mountains do provide detritus to the basin during the Early and Middle Juras-
sic, which can be proved by the palaeccurrent data, petrographical analysis, and palaeogeo-
graphical mapping. This also means that the Bogda Mountains were partly uplifted since
the Early Jurassic and possibly isolated by the lake during the Early and Middle Jurassic.

3. Coal and carbonaceous mudstone as oil source rocks

As study objects, we paid attention not only to coal seams but also to carbonaceous
mudstones which ought to exceed 10% in maceral content in whole rock estimate, that is
to say,they ought to be part of clastic marsh environment,and their organic richness might
be 4% roughly. (Based on TOC=POM X 0.5X (0.8—0.85), Smyth et al.)

3. 1 Oil-generating macerals

The maceral composition of Tuha coal shows that exinite, inertinite and vitrinite may
be 6% —8%,10% —20% and 70% — 80% , respectively, of which desmocollinite proportion
is very high,generally making up 25% —45%; in the total coal, The maceral composition of
so-called carbonaceous mudstone in this paper is similar to coal but disseminated and frac-
tured. Based on fluorescence, TEM and micro-FTIR investigations, the desmocollinite can
be divided into two types, Type A and Type B. The latter is the dominant and has fluores-
cence, rich in submicroscopic exinite and good potential of oil generation, with S;+ S, up
to 200— 300 mg/g and change into bituminite, all these characteristics are contrary to the
former.

The main oil —generating macerals of coal and carbonaceous mudstone for liquid hy-
drocarbon are mainly desmocollinite B, bituminite, cutinite and suberinite, which would
have generated liquid hydrocarbon in low rank (VR,=0.4%—0.6%) according to our
study on hydrocarbon generated indications (e. g. oil drops, oil films and micrinite). The
authors also make the coalification map of the lower part of coal measures.

3. 2 Oil-source correlation

We use CLSM and TEM for oil-source correlation, and discover some vitrodetrinites
together with a lot of submicromacerals/microfossils respectively, in coal-measures related
oil, which can be employed as indicators. From above mentioned methods, results of corre-
lation are successful.

3. 3 Hydrocarbon generation models for individual macerals

We made thermal simulation experiments using high pressure vessel and quartz tube
under 6 (150—330°C)and 7 (200—400°C) temperature conditions respectively, and analyzed
by using PY-GC for the former, the micro-FTIR as well as fluorescence microscopy for the
latter. The results not only confirm that above mentioned macerals can generate oil at the
early stage, but also show individual oil generating models for macerals. In the meantime
we use factor A and so on proposed by Ganz for study.

3. 4 OQil-expulsion experiments
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Now, geologists focus attention upon problem of oil-expulsion from coal. Coal
manopore volume of extracted and unextracted vitrain samples was compared based on
mercury pressure porosimetry together with the TEM and SEM. the results display that
the total pore volume increase after extracted and the pore connection may be in series/
parallel pattern except the isolated pores. That is to say, oil can be expelled. Moreover,
the oil-expulsion experiment which was done for vitrain sample in 72 hr’s,below 210°C and
18 atm. was further studied. It confirmed above conclusion by means of PY-GC evidence
that the expelled oil is what pressed into the coal.

3. 5 Sedimentary organic facies and oil potential evaluation

Organic facies is first proposed by Rogers, and Jones defined it as a mappable subdivi-
sion of a designated stratigraphic unit. Based upon this idea and especially that of Huc’s,
a key organic facies to improve quantitative petroleum evaluation, we emphasize sedimenta-
ry parameters including maceral and palynofacies analyses in addition to lithofacies study
for the sake of putting them into palaeogeographic map, and call the organic facies pro-
posed by Rogers and Jones as sedimentary organic facies. Therefore, we have revised coal
facies that contains coal/mudstone (>>10% maceral content) as swamp/marsh facies and
further subdivide it in view of sedimentary system, of which the inland plain have lake-
swamp (marsh) and river-swamp (marsh) systems. Four sedimentary organic facies of coal
and carbonaceous mudstone were suggested,namely high moor ,forest swaamp/marsh , run-
ning water swamp/marsh and open water facies. the term of running water facies originates
from C. H. Haymosa. The running water swamp/marsh facies zone may best for coal-gener-
ating oil.

Based on above-mentioned result of simulation, we may quickly set up sedimentary or-
ganic facies by maceral statistics.

Therefore, either maceral’s lithologic and geochemical investigation directly or
maceral’s statistic method indirectly are true in dividing sedimentary organic facies.

We combine palaeogeographic and sedimentary organic facies maps, It is easy to settle
the problems “which” and “where” the coal measures-related oil comes from, the difficult
problem for geochemists perhaps.

From oil-generating coal measures’ data worldwide, it seems that the running water
swamp/marsh is developed on limnic environment frequently, therefore, there is an al-
lochthonous /hypau to chthonous process as well as disintegration, which causes accumula-
tion of macerals rich in hydrogen content. When coal and carbonaceous mudstone have e-

nough high hydrogen contents related to carbon, they can form oil earlier than the birthline

of conventional oil generation or so.

B T T



$—F REBRT X

e S EBRFAHT. PEFRETRER, REENTWE. HWHE, HE
PAESBEFEEMEERESERN Y. M7E3ERREL Ry R RIE EITRE
BT, EMRERAER T TRBERNARERINE, HRETRRIEDH
RHOERMARKE, HHEHYFEERRET IBATUR FEMEH,

P8 REWERRSHERL

Mg T HEAB AR LB (E1-1-1), IRHIBAR BRS8N
Bt fE) &, X —HEASREMMSEN, BHERHLRASBIRERR, RSN
MR LR RAER., AETRHRAMORERLIE, FERTHRESTL
B R R B AR R AR R

F—F RREFHREXBMERE

—. XKihysfr g

MM FrABEEE. BEAEAL., BER=RAHERNICS®E., SR ET
M EE ST E AR PR — S B IR BRI — 3B, ERUTER T — FR S has
WEEBEMESRRMS, FRPXLMEEIFSERATRRMEE (B1-1-2),

AR, JEM KR EN RS EERRE, AMRALREREESHEE/RE
MARIA AT SRR R REIR, FAnhed 2R R A ARt AP BE S e s i e 4
BIMORRE R, BTl R ILES, R Atk . ZE2H T8 KNRRELTE,
FHTARKYZR S, bl KREe B .

=, RRMERX

ey R R R AR R R A S S BT RS (B 1—1—3), RIS R ik
FEME — R R 53K B R A AR B 2 (R A B oy AR AR RERE DRSPS A e A
SEERGR GBS LR IR — W R E, R 0k & R B
e ARSI — B A RCEEAE XA SIS mde s, FrbdEAREEESY
BFE L, BABERERZE R ELN A EELR K. TR R R
EmWEERURKRTEE, THRE. PEFUNHTEYEK.

Mo ERRE — R BN, ERHAEREER RS — Ry
& (BR%, 1994; R AMBET ZHRBES, 19939) Ml RESKEE RSN

O dmamBHRTRTRES, HRERKBWERR, 199345 A,
8

AT



g

9 75 150km
. N
# TR
& LESS0S
%é’ .-:':"' :.... ‘.. T »'. " .-_: ..".. ‘@‘/&
e
SRR Qs;%
. .: -. .:%13\\.‘ " .-‘ :-
YT S RIRCROL:
' - _.%'-rr
2,
sl lot Z L TGS
¥ X T AR
. ; :".-":..‘.:...‘..’-'::::.-.:' a7 s + 1)1[[,#""1—[_"., ‘L'g T

s e 1D 22 B Bl B B3

- Ei1-1—2 dtEESRMEEEE
1—F, FreEfREN; o— %R, SHLHLENE; -BiE R B HMMRIMTEH; 4+—REL T HMTH;
5~EH, BRELARRE: s—iERELERER: 7-HRESS, s—YrhREEANEHF

# (BRT%, 1992; MISEMBIEAB, 19939 SFHHRAFINR, LhL, HEELM
KRB EAREREMREY, BRELEEXREARER, BRERIEEITTE
MER, “EERESILEAFFHERT (F1-1-3), EBEEK L, EEAILREH
MEEMULRRE-LLERANE, BRERURKAHUELELEEER, ZERAB
E1-1—~9 W RERINR TG REGEBER WIE KILE, RA BB KR % k1L &Ik
HE, EREERNEET, BEFH5S B AN SEE LS VRS EfRgHS A
R E XN EOERNE RS (BRI, 1993), SHAANR, BRIILTERS, BRKR
ME, BREKLEEREBYERIEF NSRS, BRIk fl 4 44 1 3F
. DFEEAN (1993) i, DERLAF -HHEEREEE, RPARCIHEKEN
R SRR E RGN Z AR A S B AR SR, ERNREENAIRENGS
&, HFRABRIERILLFK. %298, EEUNVERETWERNEFRhtm—%
KET R ST EERT, Bl B A% ER -t R %S WH; HRUET
ARERMPBT, - ERENESEWRRETILER, RyF. FERUBAMETE

@ HEARTFRRA, GLMBEBEGHEEIGREERE, 1993£12 4,
@ MEAMBEESTREN, U AMAHEFH S FISER S, 19935411 4.



