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Table 3-5  The classification of sedimentary facies in terrigenous

and pyroclastic rock in Mesozoic Qiangtang foreland basin
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Table 4-6 The classification of sedimentary facies in carbonate racks and evaporites

in Mesozoie Qiangtang foreland basin
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Major and trace element composition of volcanic rocks in Northern Tibet
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Fig.6-7 Strike-Slip fault in Dongcuo basin
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0.02~0.580 . FH0.125% ., FUVHHF "A7 TH64x107° RESELFIMAR0.04%
~62.3% . FX2.76% ., AN AT FHMH 42 x 107 BN SR H
(v {1 PLERAR PR DI AR T R AL

AU e ERI AR G A O T, TR AR TR T . Tl R IE A 2041
me KPR R 1453 m, R REFE SR8 m KU BTTHLE R ® 0.01% -~ 0.88¢,
FH 0 16%. AMFEFH "AT FHoIx107% WREEFBE I 0.01% ~9.836, Y1y
0.45% , AU "8 FHEA 17 x 107 SfERERE—HDimass.

AN BRI EMBEHEN T, FEBRRELTRERS . Filn B NEELY
1692 m, I KA AT B ARTE 438 m, AHE 2 m. KEBAEPLRE M
0.029% ~3.6% ., FH 0.38%, REWAE "7 FE60x10 % BEGEFIAMKST L
0.03% ~3.21% . TI90.46% . SkMMEE—DPSL il EAY.

382

Ab b EhE E A imE A A B Ty RS AT (L) BIACE D IR A
FHHA (hs) KT

PR H AR R A R GE LA B il zPo6 F R AR &, IR B 3736 m, TTHLER
SE0.220% ~ 1.85% . FH0.52%, FMHNE AT ER 11066 x 107", B{AH L E—
R ks 311D

i ] A5l A 0 DL T Wy DPOS + TPO2 T R VTR, LI IRE 708 4w, R B

ML S 0.17% ~ 1.85% ., Fr0.46%., FHMWE “A” I (55-283)1 x 107",

FH 116.8x10 ), UIRE TS FaXrmaAvisk TR 0.09% ~0.34%,
NHI 0,229, WE AT H (33~153) %10 %, FH6.3x10 ¢, MRELE—THE
it o

e A BT S AR AR DAICTE B POL B o (R, Rl A JFIE 997.2 me AT BLER
SO 15% ~0.32%, BHO.15%, EBWHE A" &8 (493~51.1)x10 °, ¥4
S0.2x 1070, &l FaEELMETRE.

PLE AW T IR Ema SR FHEREMAMA Ny 5 A

2. M X E B

e EE R EE TR R, AR RHNEKLD . RER-

BRI FHRIF G EMERKEESIEm, ASEALKYTR0.11% ~
62.35, ¥ 4.03%; BRI ST ISR NEE 1090 w. T EE 0.03% ~0.58%, ¥
B 0.13% .

WA R LB RIEES M0 m, TTHBER 0.129% ~0.57%, Fl30.47%;
AL C AR R IEE 1034 m, AVUKAR0.01% ~0.66%, F1y0.15%.

ENALWF AR R RS 255 m, LKA & 0.03% ~ 1.75%, T190.70%;
BRSO BRI 1438 m, TTHR SR O.14% ~2.15%, Y H]0.54% .

LGRS R LY, B R SRR R S L I R R A L E N

3. R

R ARG LM I REHIR S M T Z /K BHHR TN E-

MR UL LT i P18 + HP19 B LK, R EIEE 1737w, R
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ARG R 0.02% ~0.32%, FH0.14%, EHHHE “A" £ (46~ 186) x 107°, ELH
86.8 x 10°°, WN{E FEBFIfmAE - L Ed il B,

T OnmETHRAERAUAAR R POl A AR, EHEEE 1139.66 m, &
BLER Tt 0.41% ~2.00% , Y3 1.07%, SHEIHH “A" (4 (24-64) x10°°, ¥4 44 x
10700 RAR FRE T A - s A .

BbRIR, M. UEMBEFELROEY A LH, AR ENLA=ZEREEime,
ok b RS 2R f M AR Ry, s muL SRR
FLgs s s ALK T AT b R BRI R FAR G NS SHNENVEEL

i
(Z) BREGNRER

FYTE LMWL, bR APOLRT-E A kR E MR IA R, B 5 BT AT LA B B A
BERE A Im) ke d . £RFHEGELARET, TEREARMEMR A MARFE AR
W B R R A ] . i, — OB IR R e R A, AT L B
WO BRE i A7 IRAR B AN FER OV T R AR DGR i PR TR ) R A R RO AR (L RR I
AORZIR, T E R E IR R SWE 2R — B s L. A, S0 FL2RE TS
ALy L eI R RO AR S BT ST (R7-6), AL BT E TS A
PN

F#76 RREMEREFTNELEBIORE
Table 7-6 Classific standard of kerogen types for source rocks in Qiangtang basin

T %W BT 0 SERERY | EAKES  ARTESY P
B OH HH% thl SISy (M 0o . (o)
WAC I F it B > 1.5 1 5-1.3 1.5-1.0 . O-07 <07
IS S0 . s 100 ~ 70 0~ <
e < -280 -0~ -260| -26.0- E‘a . M5 230 ! > -23.0
2 A : 100 - 80 R0~ d0) W~20  We —10 _ —10- - 100

. FREH B9 4 AL 4 1

AR INE R AR N T, KR ATIMAMERL, LB mEy (R
750 B T7-13, B/ 7-15). AL TRBREBAGP. BRAZD NN SEREREY.
o R RO A, RAEMACRS R, MRS FEIRAS T, BIRMAMR A
HER=RENER U S T £ ot 1:: 11

MERKHBBRATBIBHNY P, BiRd 260 ~93%., 5CI4 0~5%, BfEH 1 -~
50% . TEMIEH 3% ~40% ; WABAER -31-87, HO, BMI, 8 B,

fi M e FREMSE S, BRA 8% ~89%, wEMH 0.3% ~36%, HE 9% ~
609% , MMM 2% ~56% ; WRLRIER -66~-83, LIH, B & TEBE YT,

FILHEW A BB , BT 26% ~ 949, ERM0~0.7%, EEH3.7% -
3% . THMEMH 4% ~39%, WMEBEAER -22-89, DO, B TRHEAI.
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P Aoy RUERIE RO W, BRI L, BRI, RO L DR T
il 1, T A 1, Hoh O, A BT, BT,

R N3 AR LR A A S8

MRS PBEN °Ca0T - 24.3% ~ - 27.6d% 2. ETRE AL
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fi AR Y TRRIR B 6 C A T - 21.3% ~ - 28.22% Z A,
~ 24 5% ~ — 2T%cz 8, LA, VRN &Y - PR K .

FMYEIE VBRI 4VC A F - 20.8%c ~ - 27.59% 2 M. FEE P+ - 25%c ~

—27. 8%z, VAL, BATTT R T RS AR A -

MRl ERERE AT, M R, AMmMAREHAIUE AR LI, Rl R AT,
PLHHE R 1L A AR T IR O L X BRI R A 1L #.

3. 1S U B S AT

| i M0 e 2 2 BRLRE R e b) T 2 B0 A B
ASHITY . B 5 RS L TS U C BT HOFEY 0.23 ~ 1.47 (& 7-6), Aif4] H/C IR §
L 14 0,46 ~ 1.38, L G PV 0.26 ~ 1,17, (HIT—#RM L, FERRL&HN
e R LA LT M — N S s, R E A TR . oA
LRI sk AR . B R L TRRE FBR /G, CIFIRELTHAEN TR,
HAG U FHOAEHONT 0.7, O/CI T -8 0.4 (B 7-17) . . BRI ST 4K T
A B RIS 8

SRR, R VRSO IRy . R AR LR R BT
PP RH BB ERILLIL, W e B, Ko VAT, R s A rLE R, M
o E AR A, REHAMREADIL, BT, TRATA. MAMENR
EE 53| R UR et AN o A iy bl R R R T

=. % E
ff G5 1l 1) 8 8 B 0 ) LA B

FEEDT

AR R A, TR R oT A AR L

fafr. B4

FLIBOY FiE o4 R the 2 B 1 i 28 A 1R T A

SRR AL E S L A0 LR . DITLI B SR oy R, WS ALK
KRR, RS EBHARIAM A SO I RMEIN R 727 & T8 TR,
%77 ZELHMBRERSERTEHRE
Table 7-7  Estimate standard for carbonate reservoir in Qiangtang basin
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Y-E 9810 Y. BEEEE REESE-

(3 AMAIREIZ DAL B E M . RXEEIEIRTE 613.7 m. BRARAE VI S P 1%
IEELAR Tl DPOS + TPO2 A U, FLEEM 0.46% ~9.19% . T 1 2.46%, & &%
(0,001 - 3.834 ) x 107 pm?, 0312 % 107 o, W HICALICE | $EIALAFIRBAGTZ .

muammMHmwm”mu fit J2EFAE L FE S0 HPo4 — 05 FI T A AL ST
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it 18 1003 .8 m,
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g 1502.44 m, TFJA ﬁfuﬁaf 0 9% ~ 11.74% . ¥ 5.30%. BIEFR (1077 ~
1.7 ¥ x 107 . AFH] 2,645 % 10° . MTIEEEWHRE.

(6) #ILAHMEZE L ENRAERSE mh&fh, B REIE R ERF 1500 m, Eﬁéﬂ&*h“ﬁﬁlgww
FEOE LA BT A 4 B AROL - 02 1l A0 E . LT 1,089 ~3,65%, FH1.73%, BEH
<1077 ~55.8x 107 um?. EM 4710 % 10 P an, BFIALIGE . $H LA T ‘fkﬁ#F

TR r b E B EEEATMEN S, M8 —RTEE2MHTTHH. 8
7r. RS G B DR TRt
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ORI E b s R R ER A AR S AE AR A . BB LR T . b
Al das S Lifu, R M 300~400 m. HHY /DT EBDGETER. WA mEDEL
M aitddr, fJLBRE 3.7%., BER 1.3x 10 %em?, BTHRIALKSE - HERILSES W,
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Table 7-14  Estimate of oil and gas reserves in different parts of Qiangtang basin
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ABSTRACT

The Northermn Tibetan platean is located between the Kunlun and Nyaingentanglha mourntains,
with an area of about 180000kn”® and an average elevation of 5600m. The special strucluwre, complicat-
ed evolution and prospects for oil and ga= of the Northern Tibetan plateau are the major problems in this
area. These have been and still are the subject of research in geoscience. We atiempt to use a way to
study Lhese iateresting subjects. In the present monograph, we emphasize the relationship between the
matenal record . deformation, metamorphism., magmatism, oil and gas prospects and the evelution of
the plateau.

The fist chapler deseribes the continental core in the Qiangtang plalean . The composition , defor-
mation. metanwrpiysm and isolopic chronology of the western metamorphic series indicate that the
Qiangtang tertane contains Paleo-Meso Protozoic basement and Archean continental cove . The basement
i chavacterized by o double-laver struclure that can be divided imo orvstalline basemeni and folded
basement by petrologic association. physical properties, deformation styles and metamorphism . The age
of the Archean continental core s at least 2762 ~ 3204Ma. Ut is the oldest core Tound in Qinghai-Tibet
platean till now. A unilized basemeut was formed io the Neo-Proterozoic. by accretion of the continen-
tal core. This was an important part of the Rodinia super continent, whose the basement split and ae-
ereled again hetween 509 ~ 568Ma.

Chapter 2 clueidates the evolution of the Late Paleocoie rift and the Palea-Tethys. As a speeial u-
nit in the Qianglang terrane . the Chabu-Chasang lectonic unit has heen the subject of dispute as to
whether there wus a nifl or a branch of the Paleo-Tethys during the Late Palcozoic-Farly Mesozoic.
Three new views have been developed from the Paleozoic biostraugraphy . sedimentany systern and mag-
matism by our rescarch. 10 The cold and warm biota were synonlectonic and cross along the Central
uphift belt. that means there was no a hroad ocean which conld segregate dilferent type of biota during
the Late Palevroic. 2 Sequence stratigraphy sequence shows the sedimentary facies in the Qiangtang
terrane arc fypical platform and slope basin facies. which are noliceably thick with rapid alteration of
facics. Moxl of the clastics are gravity-(low sedimentary with a proximate source, whicl indicales that
the clastics come from the shoulder and slope of the 7ift. 3 Geachemical characteristios of Late Paleo-
zoic magmansm in the Chabu-Chasang uoit area indicates that the mafic and ultramafic rocks are much
different from opholites . while the basalt displays characteristics of continental rift lava. This verified
that the Chabu-Chasang tectonic belt is a Late Paleozoic intercontinemal rift that developed from the
Pre-Devonian metamorphic basement. The evolution of the nift underwent three stages. i e. Pre-uplift
stage (1)), expansion stage { C—D,) and elosure (Py—1]))

Chapter 3 studies the geological characteristics and structure of the zouthem and northern hound-
ary belt= of the Qiangtang Terrane. Though most of people agree that Lazllong-Jinshajiang tectenic
helt is the boundary between the Qiangtang terrane and the Kunlun-Bayankala orogenie belt. there are
difterent ideus on the features of the belt. Comprehenzive studies on sedimentary . Lithologie association
and deformation in Dahengshan, Shizhapo and Ruolagangri areas indicate that this tectonie belt was a
confined 1rough, which bad opened and closed at least twice. The first intercontinental rift developed
during the Tate Paleozoic and the second developed during the Early Mesozore. There followed a short
period of vifting and trough closed again in the Triassic. The nowthward subduetion of the trongh nut on-

Iy caused the intense deformation in the tectomie belt, but also leads 1o the fonmation of the Qtangtang
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foreland basin e the south.

Based on the sedimentology . magmalism and structural analysis, it can be verified thal the Ban-
gongeun-Nijlang lectome belt was a strike-slip zone and with a teinporary slip-thrust . This tecionic bel|
wis the result of compres<ive orogeny and underwent in sequence a deatral shear and compression. The
Juras-ie basins distributed along the tectonic belt are strike-slip bazins or pull-apan hasin with similar
the transform basin features

Chaprer 4 attempts to eaplain formanon and esolution of the Mesozoie Qianglang foreland basin .
The Late Triassic—Farly Cretaccous Qingtang basin is ocated between the Jinshajiang tectonie helt and
Bangongeus-Njiang tlectonie bell . The deformation is linked (o the evolulion of the two lectonic bejis,
especially the elosure and collision of the Jinshajiang sulure zone. So, the Mesozoie Qiangtang belongs
to the eomposite foreland basin in terms of foreland basin classification. Qiangtang loreland hasin can
be divided o Northem Qiangtang basiu. Genteal uplift helt (foreland uplift) aud Southern (Yangtang
basin,

Qiangang tereland basin contains mudtiple sedimentary facies, 1t can be symmetrically ¢lassified
nto Torr main facies. 1. e, a margiual continental clastic syslem, carhonate syslem . evaporale system
and yoleanoclastic system, Four teclonic scquences and eight sub-sequences of have been recognized in
the Qiangtang loreland basin. The four teclonic sequences are Late Triassic ( IsT). Early Jurassic
{(F<2), Middle Jurassic—FEardy Cretaeeous (Ts2V and Mid-late Cretaccons € Tsd) . Basin analvsis
~hows that the Qianglang basin includes three marginal facies belts, two of them distnbuted in front of
sulure zone, one of them distributed ar hoth sides of the central uplift belt. The stalistically measnred
data of cross-hedding, npple mark and flute casts indicates that there were two pales-currents systems
and one drainage distribution pattern in (he basin. the central uphift was the drainage division.

From the multiple analvses. (he following conclusions can be iuferreds the Qiangtang basin de-
oved [rom e passive continental margin, the evolution of the foreland basin uuderwent thiree stages.
There were the formation stage (T ). developing stage (J—K; ) and extinclion stage (k,—K; ).

Chapter 5 studies the Cenozoiv voleanic rocks and crust-manlle process in the northem Tibetan
plateau. Based on the farge quantily of chronologic data, disteibution and petrological assaciation ., four
voleanie provinees have been recognized in the Northem Tibet, i. e. weslem Qiangtang province,
northerm (Hangtang province, Mid-Kunhuin-Hohxil province and western Kunlun provinee . The period
of voleane aetivity focus on 30 ~ 45Ma and 0 ~ 18Ma, with peaks during the 39 ~ 45Ma. [5 ~ [8Ma
and O ~ 3IMa. Alhough (he mogmatism in each province occurred in many-stages, voleanic rocks be-
come younger from sonth to north in general. In terms of the geochemical classification of voleanic
roek. the rocks in northern Qlangtang province are composed of polassic fava with low alkaline and
bigh alkaline lava. the Mid-Kurdun-liohxil province is composed of intermediate-acid lava, while the
weslern Qhanglang provinee 1s composed ol intermediate-basic lava with little inlermediate-verd lava.
Furhennore . the vounger the voleanic rocks. the higher their alkalinity .

The geochemical properties of truce and rare earth elements of lavas in nodhem Tibel show that
the abundance of incompatible elements are dilferent in each province. but that thev all arc a higlds
enriched . Sr isotope abundances are similar in Cenozoic voleanic rocks. Sr isotope ratios indicate that
a crost-mantle mixing took place. In addition, it can be inferred that the wagma derives from subeonti-
nent mantle lithosphere . From the syntietic analysis of the data above, the author inferred that the K-
nch lava in the northem Qiangtang province are volcanic arc products, and most of the lavas in Mid-
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Kunlun—Hohxil and the west Kunlun provinee formed in an interplate environment. and voleanie are
cavironnent

Chapter 6 analyses the Cenozoic continenlal convergence and uplift of the Tibetan plateau, With
the disappewance of Fethys daring the Cenozoie, the whole Tibetan plateau entered iole continental
contpres<ion and uplift <tages . Thin-skinned folding and thrusting were the two dominant deformation
stvles of the Qianglang terrane which ave distiibute mainly along the sonth amd nerth houndaries . The
folds are generalls east- west izoclinal with an upnght axial plane. There was s-direcled thrusl move-
menl and thoust planes olten follow cady lault planes, except the thrusts on the worthern side of the
central aplift helt, which are north-directed. This deformation style results iito strongly deformed zones
and a weak rvegional framework in the Qiangtang terrane. The active tectonic svetem in Quangtang ter-
raue is made up of a series of Taulls thal often cut the ridge of hills, fluvial deposilts and allayvial fans
Based on remole sensing image analyees and field investigations ., four groups of active faults have been
recogmzed tronding WE, NW. NE and SN. Maost of the faults are sirike-slip and normal faults,

The Cenozoie leetonie evolution can bhe divided intn three stages. on the hasis of deformation and
it~ axsacialion i the tioe and space. 1. e, callision vrogeny and planation stage (65 ~ 35 Mul, con-
tnental convergence and intermediate uplift stage (35 ~ 1.6 Mal. and intense uplilt stage (1.6 Ma +
now ¥

Chapters 7 discusses the basic conditions and make a prospective assessment for oil and gas and
m the Qianglang baswn. The Qianglang basin is the biggest marine basin of the Qinghai-Tibetan
platean . which s many similarities wilh the oil-gas preserved basin in the Tethvs region. This com-
prehensive imvestigation and organic geochemical stadies indicate that the major source rocks in Qiang-
tang basin are Naochaka formation {Tyx ), Bugn formation (), ) and Suowa lermation (J,s). The
souree rocks lithologies are carhonates and sandstones, the kerogen topes include |11 and ]l . Clastic
rocks and carhonatites make ap the chiel reservoir of the Qiaugtang hasin. Clastic resenvor looks in-
clute Quernocno fovmation (I3 0. Xiali formation (Jyx ) and Xueshan fonnation ( Jyx b . the varbonate
reservorr looks inclades the Lagn formation (Py {7}, Bugu formation (J2 6 and Suowa formation (J.5) .
while the lwo tvpes for reservoir both exist in the the Xiaochaka formation (T:x}. Furhermore, there
are numerons recls extending several kilometers in the southem and nocdhern Qiangtang basin, which
conslitute an excelleat reservoir for oil and pgas. The best cap rocks are mudstones, gvpsum and the
dense curbonates . so Late Triassie and Mid-Late Jurassic rocks dre (e most likely cap lavers of the
basin. Taking the relationship of source vocks. reservolr aud cap roeks into account, four first-grade
and three secondwry-grade assoriations ean be recognized in the hasmi. Becaase they have a reasonuble
relationship in space and time. they provide the basie conditions for the formation of large oil and gas
fields .

However the primitive o1 and gas preservation svstem has undergone intense deformation during
Cenvzore orogeny and uplift of the plateau, The preservation canditions in notthern Qranglang hasin arc
better than e the seatherm Qlangtang hasin. LFight-prospective areas have been determined for oil and
gas: 1. e. lhe Baitanghu-Tupocuo depression, Dirangbicuo-Tumen depression and others. An early

eslimate for the storage capacily of oil in Qlangtang basin is (40.3 ~ 54.6 ) x 10" tons.
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Based on remole sensing image analyees and field investigations ., four groups of active faults have been
recogmzed tronding WE, NW. NE and SN. Maost of the faults are sirike-slip and normal faults,

The Cenozoie leetonie evolution can bhe divided intn three stages. on the hasis of deformation and
it~ axsacialion i the tioe and space. 1. e, callision vrogeny and planation stage (65 ~ 35 Mul, con-
tnental convergence and intermediate uplift stage (35 ~ 1.6 Mal. and intense uplilt stage (1.6 Ma +
now ¥

Chapters 7 discusses the basic conditions and make a prospective assessment for oil and gas and
m the Qianglang baswn. The Qianglang basin is the biggest marine basin of the Qinghai-Tibetan
platean . which s many similarities wilh the oil-gas preserved basin in the Tethvs region. This com-
prehensive imvestigation and organic geochemical stadies indicate that the major source rocks in Qiang-
tang basin are Naochaka formation {Tyx ), Bugn formation (), ) and Suowa lermation (J,s). The
souree rocks lithologies are carhonates and sandstones, the kerogen topes include |11 and ]l . Clastic
rocks and carhonatites make ap the chiel reservoir of the Qiaugtang hasin. Clastic resenvor looks in-
clute Quernocno fovmation (I3 0. Xiali formation (Jyx ) and Xueshan fonnation ( Jyx b . the varbonate
reservorr looks inclades the Lagn formation (Py {7}, Bugu formation (J2 6 and Suowa formation (J.5) .
while the lwo tvpes for reservoir both exist in the the Xiaochaka formation (T:x}. Furhermore, there
are numerons recls extending several kilometers in the southem and nocdhern Qiangtang basin, which
conslitute an excelleat reservoir for oil and pgas. The best cap rocks are mudstones, gvpsum and the
dense curbonates . so Late Triassie and Mid-Late Jurassic rocks dre (e most likely cap lavers of the
basin. Taking the relationship of source vocks. reservolr aud cap roeks into account, four first-grade
and three secondwry-grade assoriations ean be recognized in the hasmi. Becaase they have a reasonuble
relationship in space and time. they provide the basie conditions for the formation of large oil and gas
fields .

However the primitive o1 and gas preservation svstem has undergone intense deformation during
Cenvzore orogeny and uplift of the plateau, The preservation canditions in notthern Qranglang hasin arc
better than e the seatherm Qlangtang hasin. LFight-prospective areas have been determined for oil and
gas: 1. e. lhe Baitanghu-Tupocuo depression, Dirangbicuo-Tumen depression and others. An early

eslimate for the storage capacily of oil in Qlangtang basin is (40.3 ~ 54.6 ) x 10" tons.
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