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Fig.1 Sampling positions of paleoreservoirs and source rocks

in the study area
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Fig.2  (a) Outcrop of Kaitang section in Kaili paleoreservoir; (b) pyrobitumen in Yankong paleoreservoir
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Table 1 Basic geochemical parameters of source rocks from different geological sections

S FERh DS =1 Peiis TOC/% S,/(mg/g) S,/ (mg/g) PG/(mglg) HI/(mg/g) DI%
Bl B1-S27 S\l IKBEJEE 1.36 0.01 0.02 0.03 1 0.18
Bl B1-S39 S\l IRBEJEE 1.14 0.01 0.02 0.03 2 0.22
Bl B1-S44 S\l KBS 0.96 0.01 0.02 0.03 2 0.26
Bl B1-S46 S\l BT 1.81 0.01 0.02 0.03 1 0.14
B1 B1-848 St KBRS 224 0.01 0.02 0.03 1 0.11
B1 B1-849 Sl KBRS 2.25 0.01 0.03 0.04 1 0.15
Bl B1-S53 Sl TR e 3.05 0.02 0.03 0.05 1 0.14
BI B1-S55 S\l IRBEJEE 2.85 0.01 0.01 0.02 1 0.06
BI B1-S56 S\l IR 2.68 0.02 0.04 0.06 1 0.19
Bl B1-S58 S\l JRBEIE 4.03 0.02 0.02 0.04 1 0.08
Bl B1-S16 Ow BT 1.92 0.01 0.02 0.03 1 0.13
Bl B1-S17 Oqw IR ETeE 1.60 0.02 0.03 0.05 2 0.26
B1 B1-819 Oqw KBRS 0.89 0.01 0.02 0.03 2 0.28
Bl B1-S2 en IRBEJeE 1.09 0.01 0.03 0.04 3 0.30
Bl B1-S6 en IRBEJEE 1.39 0.01 0.02 0.03 1 0.18
Bl B1-S9 en IRABEY S 1.36 0.01 0.01 0.02 1 0.12
Bl B1-S12 en RO 1.92 0.02 0.02 0.04 1 0.17
Bl B1-S13 en BT 221 0.01 0.01 0.02 1 0.08

avii LJ-s1 Z,ds IR e 1.70 0.01 0.01 0.02 1 0.10
avii LJ-s2 Z,ds IKBE TS 2.11 0.01 0.02 0.03 1 0.12
vavis LI-S3 Zds KB 4.20 0.01 0.01 0.02 1 0.04
Vavis 1.J-S4 Z,ds TR e 3.08 0.01 0.02 0.03 1 0.08
avis LJ-S5 Z,ds TR 1.96 0.01 0.01 0.02 1 0.08
ke YTZ-S1 en BEJEH 3.70 0.01 0.05 0.06 1 0.13
Bk YTZ-S2 en BEJes 9.32 0.02 0.11 0.13 1 0.12
ke YTZ-S3 en BaeE 8.84 0.01 0.15 0.16 2 0.15

ESUE YTZ-S4 en RO 9.53 0.01 0.10 0.11 1 0.10
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Fig.3 Total ion current of GC-MS of saturate fractions in bitumen from Kaitang section of the Kaili and Yankong paleoreservoirs

IS2 = anderstane; IS = nC,,D,;; C,NT = C,, 17-nortricyclic terpane; C,;NH = C,g 25,30-bisnorhopane
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Fig.4 Distributions of steranes (m/z 217) and terpanes (m/z 191) in saturate fractions of bitumen from the Kaitang section

of the Kaili paleoreservoir and from the Yankong paleoreservoir
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Table 2 Parameters of steranes and terpanes in crude oils from the Kaitang section of Kaili paleoreservoir and

pyrobitumen from the Yankong paleoreservoir

plibis PER i S B Cr2eT/Cog T Cara/Coy e diaC,y/reC,, o 152 Co 5%
20S/208+20R BR/aa+pp
KT-C1 0,h 0.50 0.14 1.14 0.57 0.58
KT-C3 0,h 0.44 0.17 1.28 0.58 0.54
LR KT-C4 0,h 0.46 0.15 1.19 0.58 0.54
KT-C5 0,h 0.45 0.15 1.14 0.59 0.53
KT-C7 0,h 0.45 0.15 1.35 0.59 0.57
YK-C5 Z,dn 0.07 0.34 0.42 0.50 0.42
AL YK-C6 Z,dn 0.10 0.45 0.54 0.54 0.45
YK-C8 Z,dn 0.06 0.36 0.30 0.48 0.40
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Fig.5 Distributions of Cy , triaromatic steranes (m/z 231) and C,;,, methyl triaromatic steroids and triaromatic

dinosteranes (m/z 245) in crude oil from the Kaitang section of the Kaili paleoreservoir and solid bitumen

from the Yankong paleoreservoir

“.” = triaromatic dinosteranes; other peaks refer to C,, ,, 2-methyl, 3-methyl and 4-methyl triaromatic steranes (m/z 245)
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Table 3 Parameters of triaromatic steroids in crude oils from the Kaitang section of the Kaili paleoreservoir and

pyrobitumen from the Yankong paleoreservoir

Copos =I5 155 521%

T R RE J={0A =0 R S e HA PR B =05 S e
Cog Cyy Cog
KT-1 0,k 14.60 21.55 63.85 0.05
KT-3 0,h 14.73 21.19 64.08 0.05
P —g % KT-4 0,h 16.71 18.93 64.36 0.02
KT-5 0,h 15.04 21.22 63.74 0.04
KT-7 0,h 14.64 22.77 62.59 0.04
YK-C5 Z,dn 25.88 36.99 37.13 0.52
HAL YK-C6 Z,dn 28.17 43.70 28.13 0.51
YK-C8 Z,dn 23.02 43.45 33.53 0.49
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Fig.6  Distributions of common steranes and terpanes in four sets of highly mature source rocks in the study areas



N PN
906 /TS S 74 5384
1.20 0.20
AB1,S,/ w X Xo
[ AB1,0.w ~ %Aﬁ
1L00F ngilen fep AN 016} o ?x X
o NI, Z,ds o o X
0.80 F © “FBEHTIL.€ n s X = 0% @ A
X AL TG Z dn = o012} °
U]
§ 0.60 £
> &
B T o008}
0.40 F =
o000k 0.04
0.00 . . . . 0.00 . . . . . ,
0.00 0.10 0.20 0.30 0.40 0.50 0.00 0.0 020 030 040 050 060 0.70
C,,Ts/C,,H C,,Te/C, T
1.40 0.40
0.35F X e X
1.20 ASA o 3 AcpoiK
¥E 030F
1.00F o o& ° A%] ﬁA‘é‘ = a
A A 5 o)
. O 025F dé A P
2 E R
g % §§ 0.20 F -
] e O A0
% 060F r A- o
© :5 0.15F
3 2
0.40 ii oy
0.20F R 0.05F
0.00 . . . . 0500 i : : ; ; i
0.00 0.50 1.00 1.50 2.00 2.50 0.00 010 020 030 040 050 060 0.70
C,,R/IC,R C, T HE £ J5e /0] 55 .
23 ) v iy i Nl N == Al 459 e 2y
K7 R IX BRI A 5 L g AR R S e AR R e R

Fig.7  Plots of parameters of common steranes and terpanes in four sets of source rocks and pyrobitumen

from the Yankong paleoreservoir in the study area

JEE R TR i e A AR AR A, HAFAE—A Bt 28 3] ot
AR IR o BIMAERTE Al i B A il Y e —
AR Al A AR AR B 1 S R B A A R
A B S AR AR s T AR AR AR
Yy o3 A AT LR B e B AR, X AR 8 T
PRSI AR AUESE o PRI, RIS il ke 2R b
AEW ) o3 A 5 RURFAE HEAT 0 PR LU IR A R
9, BB A U A 1 % L Py s AR B
R A T el G AN R T T
4.2 Z=FEEFEHN S SEK

TRPK W S5 A 1 ) e AR TR PP R R (bl
B E YRR B oA 5 s R B R BRI A
PR A A IR EE AR bR A R, A =37 e
52 A B, 75 o BRI R REAS X 2
AFJE RISV, BERE S E TN R 9 A= AR, ]
LAV AT S LU bR AR A, =55 1 Jehni&s
Yy e A5 HAT QbR L T DAAE by o T8 A 3t DXt 500
FERYA RARHR , RIS A Wb iE W  20 A -5 A i
M H A SZ AL RN 7 LR A SRR W5 5
PR E M

YN AT IR , B A i R R RS A i R =0 S
FbR W oA S AR SE AN R T L e Y

RTG53 B 0 H S R | LR
G U5 (R.<1.3% ) Fifg AH B A JF 3 h =05 S 2 br
BWH A 5 A 5 4] b, H R AR AE
Cogas — 7 B EHH Cog = J5 (S e L H B 2., 1 Y 3 =55
5§ Jo Hh =5 P 55 o 1) S AR 5 AL o i
Wit v =05 8 bR B 0 A 5 4R S 3 R Z
I A T BB g —IE R R R R A bRk
YIBJE T H iy, BB RIR C oy — 5 5§ e v AR 2L
B AR 2 B R et , LR Rk =55 (S e I B A
=5 e, T AR AR A
THIHE T 5 5 AR SR IE X ARARLIR) , A AH DG 4
A ) b SR i A S R R v BRI 1 =05
S AR BEY A S A TR RSN, WA 1 TR
RS TR) B2 Ml S i o R BB SRS ) ) — 557 5 2
I3 A SR — G A R I = 07 S RN R — 2
ANZ FEE RE A 1 AR bR AR DRI A R Ak b X
FRHTIEAIFFE 202 G — PR R X A5 SR s i
TERFFE X DU i AR T, Cny =7
5 e R R Rk = 5§55 e K = % 9 55 e 5 HL o LSS
ot —AF , A2 I AR 3 AR TS, A Cog s —
F5 85t 225 (m/z 231) 1 C,, S5 AT 32, Hok
Cos =5 B, T Co O 2 EHRAIG 5 R 3K =05 5 ot 3R 51



o5 434

BLEFAE < o TR i v =05 S bR ) S R 7 7 S 907

(m/z 245) R 3 =7 Il e (1618 .3 4) ik —
IR S35 HUR G s A 1 T BB e — 8 i R R
=05 B AR SR A R AL, (HS AR
T Bei) s — b R Gk s T R AR S
O ARRFIEAFAEAS T DX

PO AT DL, i JTORE S A =05 S 2R AR RS o A
S AR HLE e AR S — R TR
PRl Bot 2> 22 Bl [ B G , AR ek e (T o st AN
o X3 B AN T) 2 57 S 5 BT A e R S RE , TR
T i T A DRI T A 1 S N

TR PO i AR IR T =05 S ek )
FR3 3 A R -5 T3 P o ) VR Dt A 35 £
W7 TP R SR A5 4 70 A T B A Xk U A A B
BN B ER AL GRS A =

FIH AT DL, 7 A A i - PR U 7 B AT
Sl a AR A AEA T X B R 0L T, =

C,.R+C,,S

B1-S48,S,/ mlz231

B1-S17,0,w

m

B1-S6,€n

i

LJ-S3,Z,ds

-

YTZ-S2,€,n

-

Ry
NI

Ll
NI

77 W IR B o A T 8 R [ (EL 5 A AL il
R I A S 7 PP =07 B A B A T 3 23 A
AL, X AR LA BURFAIE A O 2R 18T A 31 TR, RIEILEL
BRA I PRI 7 ) T A BB A I -5 s AL R R U
wHA SR AR =57 S 2R R, e A 1 7E ]
A 58 A AN TR] B4 DX 5 T L vl T 7 ) [ AR £
Wi 55 U e T AR U e B AT AR Y =05 15 28 20
L AR EATRELER — XA (1 9) o AR ik
I3 ATRFAESEAT IR LG, IR 280 mT LAAS B B AR A
T R B S IS DX A R DB U I 2 15
A R BRER R 5 TR T L il R A (A0
M5 X BB I e g =, 3 5 i
BLES il e o0 A -5 2 AR R —FERY , (HIX —IA
W SRR DU 58 AT o

77 (5 R bp W 00 731 55 2 AN BRI I LR
Fibme RO MG 1Y) 2 22 5 AN EL 2l JRUAS mT

mlz 245

L

=

=5 =

P8 A5 IX DU i AR W P =05 H 2R A W 8 0 A R AT (08 B9 B i (R D 5 )

Fig.8 Distributions of triaromatic steroids in four sets of highly mature source rocks in the study area
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Triaromatic Steroids and Their Geochemical Significance in Highly
Mature Geological Samples in the North Guizhou Depression
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Abstract: The saturate and aromatic fractions in crude oils from the Kaitang section of the Kaili paleoreservoir and
pyrobitumen from the Yankong paleoreservoir and extracts from four sets of highly mature source rocks (Zds, en,
O,w and S,1) in the North Guizhou and South Guizhou Depressions were analyzed by gas chromatography-mass spec-
trometry (GC-MS). Previous results had indicated that crude oil and pyrobitumen from the Kaili and Yankong paleo-
reservoirs were derived from the €n source rocks in the study area, but this study has shown that the distribution and
composition of triaromatic steroids in the two paleoreservoirs (C,,,, triaromatic steranes, C,, ,, methyl triaromatic ster-
anes and triaromatic dinosteranes) are completely different. For example, in crude oils from the Kaitang section of
the Kaili paleoreservoir, the predominant component of the C,, triaromatic steranes is C,, with a relative content
about twice that of C,s+ C,; but, the triaromatic dinosterane content is very low, with a ratio of triaromatic dinos-
teranes to other methyl triaromatic steranes of only about 0.02-0.05. However, in pyrobitumen from the Yankong pa-
leoreservoir, the relative abundance of C,  triaromatic steranes is C,,> C,;> C,,, and triaromatic dinosteranes are rel-
atively abundant, with a ratio of them to the other methyl triaromatic steranes of about 0.50, which is one order of
magnitude greater than in the Kaitang section of the Kaili paleoreservoir. Moreover, in four sets of highly mature
source rocks in the study area, the triaromatic steroids were very similar and consistent with those in pyrobitumen
from the Yankong paleoreservoir. It is notable that the distributions and compositions of triaromatic steroids in highly
mature geological samples become comparable and similar (e.g., common steranes and terpanes) , and lose their geo-
chemical significance and practical value for oil-source correlation. Therefore, an oil-source correlation study should
be carried out between geological samples of similar maturity within oil windows when various biomarkers like ster-
anes, terpanes and triaromatic steroids are used.

Key words: triaromatic steroids; triaromatic dinosteranes; crude oils; pyrobitumen; source rocks; North Guizhou

Depression; South Guizhou Depression



