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The organic geochemical characteristics and genesis study
of Houba oil sand in the Sichuan Basin, China
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Abstract: Oil sand is widely cropped out at Houba region of Sichuan Province. The lower member of the Jurassic
Shaximiao Formation is the main oil reservoir, which is composed of sandstone beds stretching towards north-east
orientation for as long as roughly 25 km. Tar sand oil contents of cropped and drilled samples range from 0.4% to
3.3%. Characteristics of saturated hydrocarbon component analyzed by GC-MS showed that tar sand oils were
severely biodegraded, which was featured by the disappearance of r-alkanes and iso-alkanes. Biomarkers like
tricyclic terpane, pregnane and homo-pregnane have relatively high contents. Meanwhile, the content of Cyg
regular steranes is relatively high compared to its C,7, Cyg series. Mass chromatograms of aromatic hydrocarbons
were characterized by prolific alkylated phenanthrenes and thiophene series. Bulk oil carbon isotope components
of the tar sand oils from drilled and cropped samples are depleted ( < —34%0). Features for both biomarkers and
carbon isotope ratios of the Houba oil sand imply that these oils may have originated from Sinian-Cambrian source
rocks and had biological sources comprising of algae and bacteria.

Key words: Jurassic oil sand; steranes and terpanes; carbon isotope; biodegradation; Sichuan Basin

SRR, P 0B 1 R U S A S e T
0 51 FE Al AT S R, T K S B T
B T BRI, 754 AR TGN H i £ o A R

B BT ORI FE R R X R MR A, TR VeI R, TRV U

%5 B #A(Received): 2010-07-19; #5[E] H #A(Revised): 2010-11-25; % H#A(Accepted): 2010-12-08
EE£UE: HR ARSI 40772071); 4 E A 70 I B 2k X 84 5 M % 51(2009GYXQ14)
fEERN: DR 1985-), B, WA, APLbERIL2% L . E-mail: mao850503@163.com

* JBI{E& (Corresponding author): GENG An-song, E-mail: asgeng@gzb.ac.cn, Tel: +86-20-87682870

Geochimica | Vol. 40 | No.3 | pp. 280~288 | May, 2011



%3 8

F EE: DM THEIH KU FFHES KEARR 281

N 22584 t M, EEAALAEMIL . FREH . B
VNN 57y NN Vi T e T i asc R I
ok, BE) AR BE T b R R A A — R A, T
JUPGAC I X 2 BT & B ab e IR, An R A S H:
TR L Wi | A e S G N SRRy
SSCEIRE, BT 10U X RS 78 T 3 A X 2 35 10 <
PR o ARSI D25 R AR DM - (an K-
D EIBIFGE, 228 o TSR ) > VR A IS AL ] 45
T F G 3 25, Lk S I 5 2 S DA s £
TR A X R A R TIT, XD i A Bk Ak 2
FEAEBIF T AR R 45 10

AR YA FE BT XT DU 1] JEE 300 3t X I D R A T R SR
AL ER AL A5, 1025 25 B VL9 R 0 X3k A2 3
(LA L BR AL 22 AL, IR 45 A b I 7 AR AR
AWy . K Bk ) (57 22 00 1K 3 e 3 A0 e 4% o J2 301
TMES AR DE TG 28 FOERIST, LA A JEE 3009 b %
(A5 BRPEAR AT & A PSR LS mih S RHRR 2R, IR M 48
SNV Il DX S5 VR TR AR B AL I At

105°00’

1 FE SR

AF 58 DX A, 1 98 A e 1] 1L 2 4 3 i b B
e T LA R T A LR O K — A X
A R F & o KR IH X I — 2 1 1 5 8 2 &
B, JE RS TR IR B AR A Z R,
M2 EZNRY RIPR A TBsHPHZ. X
B B R A, HIZE I 40°~50°, {Hiff 30°~45°,
R AR, I R R PRy s, KRR A, i
ghEERAS, BAZEE . BORZRE,  EEERIE A, WAEAT
JEBR, AT - AR TR G .

DU I JE S 7 2L AR GV R A,
AR TAEX T L% & )2 AT T BF A5 58 HUR A,
I Xt R 2 R — a7 A BB A ST T R 5
HURE, WPAMLEUS #2LFE 20 4, A0FE 34 4. B
FEOL B WA A IR 1 R, R R4 & imab s 2 R
)71z, WZIERIL 25 kmo JEDEE SO E A4 S
W 1,

32°20'N

PRI
o

32°10'

32°00"

105°20’

105°40'E

BB o

o MTDREER
¥ LI

Yy D
NI X

l'ﬁ(?j’% b M
J,st R =
S UNR 4T B "

1,8 ﬁ(?%
BRIl BB

B DU TSI 75 AR i DX PR 2 28 U058 i 2L 1k b BB /2 S BORE A1 121 (1

20 1)

Fig.1 A simplified geological map showing sampling locations of Jurassic oil sand in Houba region of Sichuan Province (1 200000)

LUO Mao et al.: Organic geochemistry and genesis of Houba oil sand in Sichuan Basin



282 Wk e? 2011 4
F1 MIZHEDNG®RS ZBER—TE
Table 1 Jurassic oil sand sample localities from Houba region of the Sichuan Basin
¥ S GPS 53 (N/E) 1 VR EE (m) ¥ 5 P R EE (m)
HBDH-01 32°04'02.4"/105°09'52.3" 5 LM / HBDH-28 AR 53.60
HBDH-02 32°03'41"/105°09'25.8" 8 LM / HBDH-29 HIHE 52.35
HBDH-03 32°03'39.4"/105°09'24" LM / HBDH-30 HILHE 50.40
HBDH-04 32°03'35.9"/105°09'19.5" 8 LM / HBDH-31 Pepioy 2 48.90
HBDH-05 32°03'12.5"/105°08'50.7" B HE / HBDH-32 I 47.50
HBDH-06 32°02'53.9"/105°08'25.9" B / HBDH-33 I 46.00
HBDH-07 32°02'48"/105°09'16.5" kA / HBDH-34 FOEE 44.30
HBDH-08 32°02'36.2"/105°08'03.1" kA / HBDH-35 FOEE 43.20
HBDH-09 32°02'09"/105°07'32" kA / HBDH-36 FOEE 41.80
HBDH-10 32°02'09"/105°07'32" 5 kM / HBDH-37 Fepioy 2 40.60
HBDH-11 32°02'08"/105°07'32" LM / HBDH-38 HILHE 38.40
HBDH-12 32°02'08"/105°07'32" 5 LM / HBDH-39 Fapioy 2 37.00
HBDH-13 32°02'08"/105°07'33" kA / HBDH-40 Fagtin 35.30
HBDH-14 32°01'31"/105°06'50" kA / HBDH-41 FagtiN 33.60
HBDH-15 32°14'02"/105°24'17" kA / HBDH-42 Fagtin 31.70
HBDH-16 32°04'27"/105°10'26.9" B / HBDH-43 I 30.10
HBDH-17 32°05'9.3"/105°11'12.9" B / HBDH-44 I 28.70
HBDH-18 32°05'25.5"/105°11'30.1" B / HBDH-45 I 27.50
HBDH-19 32°06'22.9"/105°12'36.8" kA / HBDH-46 FagtiN i 25.60
HBDH-20 32°07'49.9"/105°14'30.3" kA / HBDH-47 Fagtin 23.90
HBDH-21 32°02'11.5"/105°07'29" Fagtin i d 62.40 HBDH-48 Fagtin 22.50
HBDH-22 FagtiN i d 61.65 HBDH-49 Fagtin i 21.50
HBDH-23 FagtiN i d 60.95 HBDH-50 Fagtin i 19.20
HBDH-24 FagtiN i d 59.40 HBDH-51 Fagtin i 18.30
HBDH-25 Fagtin i 58.10 HBDH-52 Fagtin i 16.50
HBDH-26 Fagtin i d 56.85 HBDH-53 Fagtin 15.10
HBDH-27 PRt i 55.10 HBDH-54 Fagtin i d 14.20

. HBDH-21~HBDH-54 3% A [a]l— &5 5t .

F i L FUA SR B E 35~40 H, Hrpg
SN TE AL BT S8 LR 708 2 3R 2 HT 0 L 1 11 34 i
e 25 5y o U R A M ADFE 10~30 g 247, F
F CHCL(ZHr4h) R IR 2 72 h 515 2 &5 Wi
AT

SEHG NI Y 54 b EE R E A7
HEAT TR 4L 440 B, IE O R UL BE A5 210 75 4l 43,
PR 5T AL RIS . AR R MTRE S — 20
B GE . JF AR R sy AR . SR
R HIHIEC ke . ORI 2 FER AT 2
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o AR THERE PR A 80 ClEE 4 min, L 4
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Fig.2 Ternary diagram showing relative proportions of saturate,
aromatic and NOS+asphaltene fractions for the Houba oil sand bitumens
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1-Tetramethylnaphthalenes; 2-dibenzothiophene; 3—phenanthrene; 4-methyl-
dibenzothiophenes; 5—methylphenanthrenes; 6—dimethyl-dibenzothiophenes;
7—dimethyl-phenanthrenes; 8—trimethyl-dibenzothiophenes; 9—trimethyl-
phenanthrenes; 10—tetramethyl-phenanthrenes.
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(a) FIMWPEE; (b) AR (REL 41.80 m),

1-4, 4, 8, 8, 9-FHAP 52 (Cis); 24, 4, 8, 9, 9-FHEAN B LE(Cis)s
3-8B(H)-#h B LE(Cis); 4-8a(H)-#b B bi(Cis); 5-8B(H)-FH#hE LE(Cie)o
(a) Cropped oil sand sample; (b) drilled oil sand sample (depth: 41.80 m).
1-4, 4, 8, 8, 9-diadrimane; 2-4, 4, 8, 9, 9-diadrimane; 3—8B(H)-drimane;
4-8a(H)-drimane; 5-8p(H)-homodrimane.
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Comparing GC/MS chromatograms of extract from Kuangshanliang bitumen were from reference [16].
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Fig. 9 Statistical schemes of carbon isotope compostions of different
oil seeps and kerogen types from Sichuan Basin
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(a) Plot showing the carbon isotope values of black bitumens from
various regions of Sichuan Basin; (b) a comparison showing the carbon
isotope values between Houba sand oils, Kuangshanliang bitumen and
source rock kerogens of different geological times. Carbon isotopes of
Sinian bitumens were from reference[6], source rock kerogen data were
from [16], Kuangshanliang bitumen isotope were from [19].
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