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Fig.1 Map showing simplified‘geology and location of the Nima basin in Tibet( modified from Wu et al. ,2011)
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Fig.2 TOC histogram of source rocks in Niubao Formation

of the Nima basin
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Table 1 Evaluation criteria of residual organic matter abundance of argillaceous hydrocarbon source rock in the Tibetan Plateau

SRR S ) 8 7% A It RaT
TOC(% ) <0.20 0.20 ~ <0.35 0.35~ <0.7 0.7~<1.2 =1.2
Sy +8,(mg/g) <0.02 0.02 ~ <0.06 0.06 ~ <0.30 0.30~ <1.0 =1.0

SATHTE A"/ % <0.0001 0.0001 ~ <0.001

0.001 ~ <0.005 0.005 ~ <0.02 =0.02
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Table 2 Organic matter abundance of source rocks from Niubao Formation of the Nima basin

GiRE TR A A LR % AT A"/ % S; (mg/g) S, (mg/g) S +5,/(mg/g)
NPO1 -05S2 A 0.57 0.0045 0.01 0.02 0.03
NPO1 -0583 Tes 0.52 0.0021 0.01 0.81 0.82
NPO1 -0554 s 2.36 0.0519 0.02 0.91 0.93
NPO2 - 0181 s 2.71 0.0618 0.02 0.83 0.85
NP0O2 -0182 s 4.14 0.0515 0.02 0.03 0.05
NPO2 - 0581 s 0.61 0.0761 0.01 0.81 0.82
NPO2 - 0552 e 0.57 0. 0656 0.01 0.55 0.56
NPO2 - 06851 s 0.58 0.0499 0.01 0.56 0.57
NP02 - 0652 e 0.57 0.0716 0.01 0.55 0.56
NPO2 - 08851 A 0.55 0.0455 0.01 0.56 0.57
NP02 -08S2 e 0.58 0.0710 0.01 0.56 0.57
TE R M 7R VLIl BT U B RBOR 208 B o 2303 S 1, Nk 1) 5y 2015 4F 12 [
*3 RHIMFEBHKESTEHIREMTAR
Table 3 Kerogen micro — composition of source rocks in Niubao Formation of the Nima basin
Feh i Sk TR KRR AT
JEIRH SEIRA Bi A T 2H

NPO1 - 0582 Tes 87 2 7 4 78.75 I,
NPO1 -05S3 s 88 1 6 5 79.00 11,
NPO1 - 0584 s 88 1 8 3 79.50 I,
NPO2 - 0181 s 86 3 8 3 78.50 I,
NP02 - 0182 s 87 2 7 4 78.75 I,
NP02 -05S1 s 90 / 6 4 81.50 I
NPO2 -0582 ke 90 7 5 5 81.25 1
NP02 - 06S1 e 89 1 4 6 80.50 I
NPO2 — 0652 s 89 / 6 5 79.50 11,
NPO2 - 08Sl1 ok 85 1 5 9 72.75 I,
NPO2 - 0852 s 86 2 3 9 75.75 I,
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FEREIE AT BT N )12 HRCR AR 4R
PR B (TR R BEAE,1999) o JIT DL, 70 X5 1% 4 22 4H %
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SCRABE R B 2 (R,) AR A EH S 4K W, [F]
I S e AR I (7,0 VR W R B 2 % 4545
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P, AR AEREW] (R 4) I R AR 111
G ERER I R, N 0.72% ~0.86% , V-2 {H Ny

0.76% ,1£ R, vs. T, A v, Fo 8 P45 2R & AL
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EasE B B A A AR T EHA T
424 ~483°CZ [ (£ 4) VI {HIK 451°C, [/, {H A
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Fig.3 R, vs. T, diagram of source rock in the Niubao

Formation of the Nima basin
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Table 4 Maturity parameters of organic matter of source rock in the Niubao Formation of the Nima basin

(E e R i R,/ % T/ C
NPOI - 0552 e 0.86 477
NPO1 -05S3 bk 0.85 483
NPO1 - 05$4 b=y 0.82 473
NP0O2 - 0181 e 0.79 467
NPO2 -01S2 e 0.77 475
NPO2 - 0581 by 0.75 437
NP02 - 0552 e 0.78 434
NP02 -06S1 e 0.73 424
NP0O2 -06S2 b= 0.73 431
NP02 -08S1 e 0.75 432
NPO2 - 08S2 e 0.72 432
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Fig.4 Synthetic stratum column of Niubao Formation in the Nima basin, Tibet
1 =052 — RIS ;3 — BG4 — UG5S - P56 - JROE ST — 138 - TUE;9 — IR 10 — JRORE 511 - b B ie s 5 12 - ARk 13 -
JETHZER ;14 - FERHRA 515 — FATZ B ;16 — K2 517 - ARTPIR ;18 — AL AT 519 — RS IR ;20 — PR S RR B 21 - AXIFRifR
1 — sandstone ;2 — conglomeratic sandstone ;3 — conglomerate ;4 — oil shale ;5 — mudstone ;6 — limestone ;7 — gypsum;8 — shale ;9 — marl ;10 — nodular lime-
stone;11 — sandy mudstone ;12 — organic reef;13 - climbing ripple lamination;14 — gravel base;15 — parallel bedding; 16 — horizontal bedding;17 — spire

ripple ;18 — fossil plant;19 — tabular cross — bedding;20 — trough cross — bedding;21 — asymmetric ripple

1065



o5 5 R

2018 4

4.3 R EHE

T JE 3 EL R J LA i A4 B 2L T L3R m] W
A P BB DURRIE R, 5 O i A8 (5 — B 819 5k
P TR 0 P [ R T TP A - B AL
BERER, JR v T 7 IR LD G, M Je b e e e
HE o BRE BT ARSI E B , BA T
Z BRI Al WL ATARE B LR
i & mAERRE L A TP OB IR 2R AR R
R HZHAKE

5 i

(1) VU 5 JE 35 75 3t 2 20 8 o e U A PIL ik
(TOC) [Tkt 5380 0. 52% ~4. 14% , 43k 1.25%
FOARA 8 A il ik v AR R TR A BR i, 3 R i ik B
TREFIE DA bR IE , BAARIE 4 — AREF IR

(2) PYFHE FY L 2 £ A U A SR s T AR
T o LA Je 4 3, A AL DL TT, RN 32, 4%
A =AREE O DB BE BRI R (R, ) A g
i (7 ) 7R AR T RS — B BE

(3) DY e Hh G A7 AR 4 SR B A = A
FHHIRARE AU P B AR S U A HOS
YT EOERE Whs Jes e MU

[ References |

Chu Yong-bin, Zhu Li-dong, Yang Wen-guang, Shi Jian-nan. .2015.
Characteristics of hydrocarbon source rocks of Upper./Triassie in Tu-
men area, Qiangtang basin, Tibet[ J]. Science Technology and Engi-
neering,15(13) ;118 — 121 (in Chinese with English abstract)

Decelles P G,Kapp P. 2007. Late Cretaceous to. Mid = Tertiary basin e-
volution in the central Tibetan Plateau;Changing environments in re-
sponse to tectonic partitioning, aridification, and regional elevation
gain[ J]. Geological Society of America Bulletin, 119 (5 - 6) ;
654 - 680

Fan Wen-fei, Hou Du-jie, Di Meng-ging. 2016. Organic petrology char-
acteristics of organic — rich shale of Lower Palaeozoic in Southeast
Chongging[ J]. Geology and Exploration,52(2) :346 —356(in Chi-
nese with English abstract)

Feng Qiao, Li Hai-bin,Zhou Hai-feng, Wang Bing-kai, Tian Fang-zheng.
2017. Geochemical characteristics of hydrocarbon source rock in Wu-
tonggou — Guodikeng Formation of West Dalongkou, southeast of
Junggar basin [ J ]. Journal of Shandong University of Science and
Technology ( Natural Science) ,36(2) :1 = 10( in Chinese with Eng-
lish abstract)

Fu Shun. 2012. Analysis of Mesozoic hydrocarbon source rocks in the
Tuonamuzangbu area, Qiangtang basin, Tibet[ J]. Geology and Ex-
ploration 48 (3) :645 — 653 (in Chinese with English abstract)

Huang Ji-jun. 2000. Nature of the Qiangtang basin and its tectonic evolu-
tion[ J]. Journal of Geomechanics,6(4) :58 — 66 (in Chinese with
English abstract)

1066

Jiang Xing-chao, Chen Jian-fa, Tang You-jun, Zhao Guo-zhu. 2014.
Evaluation of hydrocarbon source rocks of formation in Dahulishan
region, Ejina Banner [ ] ].

14(13) ;21 —25(in Chinese with English abstract)

Science Technology and Engineering,

Jiang Zhong-ti, Zhang Jia-qiang, Wang De-jie. 2006. Discovery of oil —
gas shows in the Nyima area, Tibet, China and its significance[ J].
Geological Bulletin of China,25(9) ;185 — 189 (in Chinese with
English abstract)

Kapp P,Decelles P G,Gehrels G E, Matthew H, Ding L. 2007. Geolog-
ical records of the Lhasa — Qiangtang and Indo — Asian collisions in
the Nima area of central Tibet[J]. Geological Society of America
Bulletin, 119(7 -8) :917 =932 (in Chinese with English abstract)

Kapp P,Yin A, Harrison T M, Ding L. 2005. Cretaceous — Tertiary short-
ening, basin development,and volcanism in central Tibet[ J]. Geo-
logical Society of America Bulletin, 117 (7) :865 — 878 (in Chinese
with English abstract)

Klemme H D, Ulmishek G F. 1991.<Effective petroleum source rocks of
the world; Strat — 1graphic distribution and controlling depositional
factors[ J|. AAPG Bulletin,75(12) 1809 — 1851 (in Chinese with
English abstract)

Lei Zhen-yu,Li Yong-tie, Liu Zhong,Lu Bing. 2001. Structural deforma-
tion ‘and-dynamic. mechanism of the Qiangtang basin, north Tibet
[J]. GeolagicallReview,47(4) :415 =419 (in Chinese with English
abstract )

Leier A T.. 2005. The Cretaceous evolution of the Lhasa terrane , southern
Tibet[ D]. Arizona: University of Arizona:4131 (in Chinese with
English abstract)

Li Ya-lin, Wang Cheng-shan, Zhu Li-dong, Wang Li-cheng, Yang Wen-
guang. 2010. Discovery of oil shale in the Nima basin, Tibet, China
and its significance[ J]. Geological Bulletin of China,29(12) 1872 —
1874 (in Chinese with English abstract)

Li Zhong-xiong, He Jiang-lin, Du Bai-wei, Wang Zheng-jiang. 2010.
Characteristics of biomarker compounds in the Middle Jurassic car-
bonate sequence of the Buqu Formation and their implication in the
Qiangtang basin, the northern Tibet[ J]. Petroleum Geology and Ex-
periment,32(2) :175 — 180 (in Chinese with English abstract)

Liu Zeng-qian, Xu Xian. 1990. Formation and evolution of tectonic and
the Qinghai — Tibet Plateau [ M ]. Beijing: Geological Publishing
House:1 — 174 (in Chinese)

Lu Bing,Li Yong-tie,Liu Zhong, Lei Zhen-yu, Xu Ke-qiang. 2000. For-
mation and classification of basins in the Qinghai — Tibet Plateau
[J]. Acta Petrolei Sinica,21(2) ;21 —26(in Chinese with English
abstract)

Lu Shuang-fang, Zhang Min. 2008. Petroleum geochemistry[ M ]. Bei-
jing: Petroleum Industry Press:200 — 226 (in Chinese with English
abstract)

Lii Tie-liang, Zhang Kui-hua, Lin Chang-song, Li Yan-li. 2016. Hydro-
carbon source and reservoir and reservoir — forming analysis in Mulei
sag, Junggar basin[ J]. Journal of Northeast Petroleum University,
40(5) :1 =9(in Chinese with English abstract)

Mi Wen-tian, Zhu Li-dong, Yang Wen-guang, Yang Lin, Huang Hui.

2017. Provenance of the Niubao Formation and its geological impli-



LERE Ul

PSR PR A I AR A B AU P MR AL S AL

cations in the North Depression of the Nima basin in the Tibet[ J].
Earth Science, 42 (02 ) :240 - 257 (in Chinese with English ab-
stract)

Sun Tao, Wang Cheng-shan, Li Ya-lin, Wei Yu-shuai. 2013. Hydrocar-
bon potential and molecular organic geochemistry of Niubao Forma-
tion in Nima basin, central Tibet[ J]. Bulletin of Mineralogy, Petrol-
ogy and Geochemistry,32(2) ;243 — 251 (in Chinese with English
abstract )

Tissot B P, Welte D H. 1984. Petroleum formation and occurrence|[ J].
New York : Springer — Verlag:61 — 86

Tu Jian-qi, Jin Kui-li. 1999. Study and comparison on some important in-
dicators with reference to the degree of organic maturation of marine
hydrocarbon — source rocks[ J]. Advances in Earth Science,14(1) ;
20 -25(in Chinese with English abstract)

Wang Jian, Ding Jun, Wang Cheng-shan, Tan Fu-wen, Chen Ming, Hu
Ping, Li Ya-lin, Gao Rui, Fang Hui, Zhu Li-dong, Li Qiu-sheng,
Zhang Ming-hua, Du Bai-wei, Fu Xiu-gen, Li Zhong-xiong, Wang
Fang. 2009. Evaluation and investigation of the oil and gas in the
Qinghai — Tibet Plateau[ M]. Beijing: Geological Publishing House :
208 -270( in Chinese with English abstract)

Wang Li-cheng, Wang Cheng-shan, Li Ya-lin, Zhu Li-dong, Wei Yu-
shuai. 2011. Organic geochemistry of potential source rocks in the
Tertiary Dingginhu Formation, Nima basin , central Tibet[ J]. Journal
of Petroleum Geology,34(1) :67 -85

Wu Jing-long. 2011. Studying on Paleogene sedimentary records of the
south depression of Nyima basin in Tibet[ D ]. Chengdu : Chengdu U-
niversity of Technology:1 —63 (in Chinese with English/abstract)

Xiang Bao-li,Liao Jian-de, Zhou Ni, Yu Qi-ling, Ma Wan-yun; Gao Xiu-
wei, Wang Ming. 2013. Organic geochemical features of Permian
source rock from Lucaogou Formation in Ji 174 well of Jimsar depres-
sion[ J ].
9640 (in Chinese with English abstract)

Science Technology and Engineering, 13 (32) : 9636 —

Xie Long,Tao Gang,Liu He,Li Chao. 2016. Geochemical characteristics
of the Upper Triassic Tumengela Formation source rocks in the Tu-
men area of the Qiangtang basin, Tibet[ J]. Geology and Explora-
tion,52(4) 774 =782 (in Chinese with English abstract)

Xu Ting, Hou Du-jie, Zhao Zi-bin, Wang Ye, Xu Chang-gui, Wang Fei-
long. 2017. Deep tight reservoir characteristics and main controlling
factors of Badaowan Formation in the central Junggar basin[ J].
Journal of Northeast Petroleum University,41 (1) :11 =20 (in Chi-
nese with English abstract)

Yang Xi-yan. 2016. Geochemical characteristics of hydrocarbon source
rocks of Cenozoic in Haibei sub —sag[ J]. Science Technology and
Engineering,16(32) ;174 —= 179 (in Chinese with English abstract)

Yu Pan, Mao-chao, Li Xiao-lin, Huang Wen-kui, Qin Wen-pan. 2016.
Oganic geochemical characteristics and geological significance of
shale source rocks from Luofu Formation of Devonian in northwestern
Guangxi[ J]. Science Technology and Engineering, 16 (35) ;52 - 59
(in Chinese with English abstract)

Zeng Jing, Li Ya-lin, Wang Li-cheng. 2011. Evalution of Paleogene

Dingginghu source rocks in Dongcuo basin, Tibet[ J]. Xinjiang Pe-

troleum Geology,32(1) .11 —13

Zhao Zheng-zhang,Li Yong-tie, Ye He-fei,Zhang Yu-wen. 2000. Oil and
gas generation of mesozoic marine source rock in the Qiangtang — Xi-
zang Plateau, China[ M]. Beijing: Science Press:74 —466 (in Chi-
nese with English abstract)

Zhao Zheng-zhang, Li Yong-tie, Ye He-fei, Zhang Yu-wen. 2001. The
tectonic characteristics of Qinghai — Tibet Plateau and basin evolu-
tion[ M]. Beijing:Science Press;354 — 357 (iin Chinese with Eng-
lish abstract)

Zhou Xiao-lin. 2011. Geochemical characteristics of hydrocarbon source
rocks in Nima basin, Tibet[ D ]. Chengdu: Chengdu University of
Technology:1 =97 (in Chinese with English abstract)

[ By X525 S0k ]

= %,éﬂﬁﬂi a7k 2011, PHREGEEE AL AT
ETF ], HeRAa b, 32(1) (11 - 13

%ﬂﬁ‘?,%*'iﬁ,%Y% T@@T 2015. PHBESE AL LI THIX
ZRBRIFEREL . RS RR S TR, 15(13) (118 - 121

IR, B, IRHAN. (2016, /R B T i A S E A LT
AUVEAFRFELI. BT SEE ,52(2) 1346 - 356

M FE, FEER, i SR TR 2017, dEE /KA AR R A
PHICH FIRBARTA — BAJRChT H R IR S b ER AL IR [T ] LR
Rk BRI, 36(2) :1-10

£ L2012 PUE FESEA A TN AU A TSRSt (D] 4
TS HA% 148(3) .645 - 653

AR 2000 FE B A O E BT K i AL [ T]. MR AR,
6(4).:58 —66

o, BRI A, A, BAEIRE. 2014, BRSOV BEIIVE LB X T

ARG [T]. Rl R 5 TR, 14(13) .21 =25
B I% ?K%QE FAEAS. 2006, PLiEEFSHIK ST R A A
1. Hb TR ,25(9) 185 - 189

jE ﬁ?ﬁl Wi, Ao, 7 H. 2016, SESERIB LI B =&

it SRR IR S IR A RHEL T ] 3R SR, 52(4)

774 -782

BT, kR, X LS Je 2001, LIRS A IS AR
Ha e )], HPURTT,47(4) 415 -419

VI, FRGE, SRR, FIA IO, 2010, PURERJER A HbH T
ERIRBL N BT [ T]. HpTisiR 29 (12) 11872 - 1874

2RO (VTR AL VEIEVT. 2010, JEIEAHIZEYE 2 F7m HhZa ik

Wt e AR EW R N B [T ARSI, 32 (2)
175 - 180
XUBERE 5 ok, WEkEA. 1990, F R EHIIE ST EIE L M
Jes TR 1 - 174

& F ke N R EIRTE IR, 2000, FE S EH A0
RS AR, 21(2) (21 -

PR 5K B 2008, i HERAL A (M
200 -226

DR, TRAELE MRApRA, RHERE. 2016. MER/REHIAZE MBF;J(E‘]W
SN AR LT ] - ZRACAATHR 241,40 (5) « 1 -

EIOR KA 500 bR s B 2017, E?@Jd%ﬁi@jtﬁlﬁ
I AT EAWIE ST LT B ERRL 2, 42 (02)
240 -257

I, ERGE, UM, BE 0. 2013, PHEUEE A0 AT
PRI E IR TR THIERCAAFAEL T ). w4 a Ak

1067

I IR

=
Ri

b AT T AR



o5 5 R

2018 4

il ,32(2) 243 - 251

IR, SN 1999, FRIEBARIE S B IR A RS TES

EPRIIRT T SIFFTT]. b BRRbE R, 14(1) 220 =25

+ O80T &, ERGEEE OB R, UK, B
FOBERAIR, ERCE, R, AR, B R, 2R RE,
JI 75 2009, F s Eh SR IRERS e X A S TR [ M ] db
o HBJET Rt : 208 - 270

WS, 2011, VU EID @b st be i 2d i A sk st [ D).
BED : B ERFE T2 :1 - 63

My, B R, TR, D=, & A S, £ WL 2013, &
KR RMIPET 174 J B R0 BN G IE AL T ]
R A S TR, 13(32) :9636 - 9640

UF O AL B, M IR S, R 2017, B

WA O ARER PSS 2 B EGIRZE ], RAcqimREs
7,41(1) :11 =20

5TH£,16(32) :174 - 179

S By, B, A, B, 0. 2016, HPEILERADE
RRTUERIRE AN E R X[ 1], RRERAST
F2,16(35) :52 -58

AEiCES , 25k Bk, IR, SR 2000, HRERSSURHAIZ TRR (0
SERRIM. KRt RIS 74 - 466

AEiCES , 25k Bk, IR, 3 B0, 2001, B ISR MM I
S M. s R 1 427

PN, 2011, PHRER AR ERTSE [ D] e#s:
FRAFE T 11 -7

Geochemical Characteristics of the Paleogene Niubao Formation Source Rocks in
the Nima Basin, Tibet

LU Zhi-you, YANG Wen-guang,ZHU Li-dong, LIU He ,TAO Gang,OUYANG Hui-zi
(Institute of Sedimentary Geology ,Chengdu University of Technology ,ChengduySichuan 610059 )

Abstract; The evaluation degree of oil and gas resources in the Mesozoic — Cenozoic sedimentary basins of the Tibetan Plateau is relatively low so far.
Moreover , the understanding of the source of organic matter and the degree of thermal evolution remains poor. Taking Niubao Formation of Paleogene in the
Nima basin as a research object, this paper presents an analysis of its organic matter abundarnce yorganic matte type and organic matte maturity. The results
show that the total organic carbon( TOC) content lies in 0.52% ~4.14% ,1.25% on average, implying a medium — very good source rock. The organic
matter is mainly of II; type,and three samples belong to I type. The pytolysis'peak temperature of rocks (T, ) is 424 ~483°C , vitrinite reflectance (R, )
is 0.72% ~0.86% ,suggesting the thermal evolution of organic matter had reached a mature — high mature level. Comprehensive analysis of data shows
that the Niubao Formation source rock in the Nima basin has a good hydrocarbon/generation potential. The above conclusions are useful for estimating the
value of oil and gas exploration in the Nima basin, further breaking the yoke.of the concept that petroleum — search of the Tertiary terrestrial basins in the
Tibetan Plateau is confined to eastern — central part of the Lunpola basin. And it is also instructive to exploration of oil and gas in the entire Lunpola ba-
sin.

Key words: Nima basin, Niubao Formation, source rocks, petroleum resources, Tibet
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