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Abstract: Tarim Basin is the largest inland oil and gas basin in China. The main source rocks of oil in the basin are still controversial.
Oil-oil correlation can discern the relationship between crude oils and identify the geochemical characteristics of different types of
crude oil, which is an effective method to address this problem. The crude oil from the Awatage Formation of the Middle Cambrian and
the Xiaoerbulake Formation of the Lower Cambrian in Zhongshen-1 Well and Zhongshen-1C Well serve as important end-member oils
for oil-oil comparison. In this study, trace elements characteristics of the two kinds of Cambrian crude oil and a variety of light crude oil
were investigated, and results indicate the studied oil can be classified into two groups in terms of trace elements ratios including Cr/V,
Ni/Mn and Ni/Mo. The crude oil in group I have lower Cr/V ratios and higher Ni/Mn, Ni/Mo ratios than the crude oil in group II, which
may indicate that the source rocks for group I were deposited in a relatively more reducing environment. The classification results are
consistent with previous studies based on organic geochemistry, indicating that inorganic geochemical indicators can also be used as

indexes for crude oil classification, and have great potential for further application.
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Fig. 1 Tectonic and the position of research points in Tarim Basin
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Fig. 2 Distribution of Cambrian—Ordovician source rocks in Tarim Basin



6 1]

ZERAE 3 RS HIE AR G O T 3 R IE B R S

825

PR F )5 DL TR B RELE, HHEE— R IR
ETE W, B AT &I A ab F Wi 2 T
KHFAS, WM<z E2EE (Caiet al,
2001; BRYERESE, 2012)

TR 1 I FE RGBT FUIE AR AL P RS T Tl
FARF WS 9.8 vd IR, T FFERSH KA
T IR ARATL . IR 1CH R I 13 0 gl
I, AE P FE IR G FLIE A% 2 b2 R DL <R, 7
RS H RMPL TR T Tl KR, I
PEA Y 0~6.3 Vd BENTIIT (Cai et al., 2001; BROGHE
&, 2012) o B EER T FERSE /R4 5%
HZR, FTERG M /RAP A S B g R4
B, H R AP e 4l A E TR BRI (A
3). BMEIRALIERIRME A NE; HIRMH
WA B, FBOASERMRASE, TEHR
Wb B kL =2 . TP PER G VR B 52l S5 R
gk B e, WIRERADDE- A s s
hE; BIRERA LB IS B A SHaHEE,
TBONE M A=A (EHEE, 2014), BRg
I PEICHERRIZZ TR FUAHK A . B /R
AP AR BURIAAN, E & BRI AR BRI R 24y
fFIEAL. ERE . Hhibix,

FIERN AWM . K UEVE R SRR 2 AT B X
o i T K A A s i E 42 % (Galarraga et al.,
2008) , b e G R b G R PR AP S FE R
FJFIN 22 SRR i, T =l X B0 <
HH B2 B SR S EA X L. IR 410k
F RGP0 I (3SR X ), 54k A AT
WMARH, 7kAETHe A, BWhomHE, 34
SRR AR . AR 1R
FEHE N FEN BB R A AR, SORRKS
)2 (3R 1), BER S U R A v n IR e . (IR
B AR AR

3 STk OBtmERS R S AL E])

MRIGATASEIER, AL LR (na/Eoo
R) TEPACEAL PSR rh e R SN (K4
A, 2005), I, ASURSLER T B 2
AR AT NI, IR AR B RS IR A
TrE (R e AE, 2013; HI4RAE, 2014) I F Il itk
HARDIRT - (1) R IR 5 35 55 X Sg
JE T A s (2) KA s e B A L

Hh 2
RE E=f &= B
(m) Eila) P4 BR
A | & |4
6300
fay
)3 IIES
®
1%
el
th
&% 6400
IIES
=
I
mee |
6500
S
»
/3
::| [ES
%
2
6600
=
%
fjﬁ IIES
Pz
6700
T
%1y
R
Eirl
i =B
x - i:
4 iz S
6800 (LS
ARE
HIE
B3 iR LI R G A AR A

(J EHIASE, 2014)

Fig. 3 Composite columnar section for Middle—Low Cambrian

reservoir of Zhongshen-1 Well
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Table 1  Details and analysis of some trace elements of crude oil in Tarim Basin
fiv5 e W (m) B METHAR (10"
Cr Mn Co Ni Mo Cu
EACN| WA Y 7154.6~7208.4 Oy 61.0 22.0 4.3 022 322 0.71 3.97
k3 S pAeR RN 6977.2~7040 0 53.5 21.7 33 0.28 14.9 2 3.17
#3301 R I 6949.35~7003 0 37.4 29.7 1.5 0.27 12.3 0.92 8.09
R 102 FERLAE S 7249.03~7313 025 30.2 24.4 1.0 0.11 6.3 0.61 19.02
T 631 ity eaRHNEE] 5800.81~5845 0 38.7 57.4 274 053 50.5 8.77 71.77
iff 3 e 4307.11~4822.4 C 23.0 21.3 1.3 0.36 13.8 0.63 12.11
4 T, 1800~2041.2 C+0 154 433 74 062 313 5.44 11.66
i 4-1 1 EE T4 2018~2022 0 10.7 26.1 2.1 0.13 7.0 2.6 14.39
¥ 8 T 1488.56~1529.61 C 10.0 433 43.1 0.75 7.7 8.94 54.73
743 AT 1414~1424 C 16.0 42.1 114 034 5.3 3.44 9.46
¥4 3-1 AT 1508~1518 0 41.1 62.6 196 035 17.0 7.69 5.40
72 B 1A 5125~5130 0 8.5 20.5 2.7 0.11 2.5 0.62 1.32
103 oM 3743~3746 C 11.5 28.0 1.7 0.22 4.4 3.49 5.77
ity 43 B 103k m 4980~5334 0 47.4 21.7 1.0 0.66 13.9 0.86 6.80
2 1oy 5866~5893 0 19.5 22.3 1.0 0.14 7.3 0.7 2.70
PR Brpre S 6426~6497 €a 54.0 315 2.0 0.19 9.5 0.98 45.68
g 1C 65 H 6861~6944 €x 68.5 2114 320 123 246 17.42 91.29
Bl B 6 S H 3659~3684 0 3475 52.3 4.5 032 562 3.79 32.12
-1 B 6l 3659~3684 0 177.6 37.1 15 0.66 245 1.8 7.99
TR (x107%g) MHH
Zn cd Sn Bi N’V  CwV  C/V  Ni/Mn Ni/Cr  Mn/Co Mo/Co Ni/Mo V/(V+Ni)
23.05 0.21 7.19 5.93 0.53 0.07 0.36 7.53 1.47 19.48 3.24 4531 0.65
17.00 0.11 7.67 435 0.28 0.06 0.41 4.54 0.69 11.92 7.28 7.44 0.78
18.02 0.36 9.53 13.49 0.33 0.22 0.79 8.29 0.42 5.59 3.47 13.36 0.75
- 0.09 8.24 8.69 0.21 0.63 0.81 6.23 0.26 8.89 5.33 10.38 0.83
22359 010 1556 8.65 1.31 1.86 1.49 1.84 0.88 51.32 16.41 5.76 0.43
26.07 0.27 7.41 7.18 0.60 0.53 0.92 10.75 0.65 3.58 1.76 21.86 0.63
40.18 0.21 11.19 0.29 2.03 0.76 2.81 4.21 0.72 12.03 8.82 5.75 0.33
20.72 0.04 8.71 0.16 0.65 1.34 2.43 3.35 0.27 15.55 19.27 2.70 0.61
45.71 0.10  12.53 0.41 0.77 5.47 4.32 0.18 0.18 57.45 11.92 0.86 0.57
28.37 0.10 7.78 0.12 0.33 0.59 2.63 0.46 0.13 33.96 10.26 1.53 0.75
- 0.07 4.95 0.08 0.41 0.13 1.52 0.87 0.27 55.84 21.95 221 0.71
- 0.05 6.40 7.23 0.30 0.15 2.41 0.94 0.12 23.58 5.42 4.11 0.77
21.43 0.04 8.67 0.31 0.38 0.50 2.44 2.62 0.16 7.60 15.80 1.26 0.72
- 0.51 7.74 8.49 0.29 0.14 0.46 14.27 0.64 1.47 1.30 16.20 0.77
- 0.12 9.12 19.95 0.37 0.14 1.14 7.05 0.33 7.25 4.92 10.39 0.73
- 206 1680  27.17 0.18 0.85 0.58 4.71 0.30 10.43 5.07 9.69 0.85
32752 028 12.96 0.20 0.36 1.33 3.09 0.77 0.12 26.01 14.16 1.41 0.74
79.02 0.08 11.77 0.21 0.16 0.09 0.15 12.40 1.08 14.27 11.93 14.83 0.86
24.35 0.05 9.92 0.27 0.14 0.04 0.21 16.90 0.66 2.20 2.73 13.58

=7 LT R
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107 g B AR 22/ N T 10%
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MHEAR BT, R0 s b AT R i oo R
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5 H T T R S AR, SR AR
FME TR O SRR, [, RRFETRER
AR s B o B BRI 22 AT R TR, G
PERE S A . ZE S AT B B H R AR R AR UL
TR 85 1 ol it oo R AE A LR HR A (BRI e 45,
2017),

A5 18 B A 5T S iR i A - e R A AR
I, 55z b o P 258 ) HLAE il A i 22 30 K
ANEAEIX AR, MZMeE . Wt &Eock
(WNLi, Sr, Ba%¥) WAREHEE, W THIGMHEE

K, SR A AR R RSO 2% . v
W R e R e ] L e B A L S g U
SEAAE, XL BAIULSY SRR AA IR T
FEARA & RAF kR, Rl 2Rt I 4R Gt R
BAZF N SRR A F AR R BUEOT R, AR
ZFRWA DU A AR A ], BEREIX )
AEEIE A (Shi et al., 2015) . AT AMFFE LBV,
Cr, Mn, Fe, Co, Ni, Cu, ZnZ 3K 4EIE TR
TERM 2K EAE REFr9 H (Hitchon and Filby,
1984; Curiale, 1987; BT K55, 2017) . —MIA NI
Wiz . RFHAE XS A TR S A —E
SEM, HN — St R 4 R Ju R LA A VNG, VY
Cr, Ni/Co, Ni/MoZF5ZMIANK, REHE LRI A 22
5 (Hitchon and Filby, 1984; Curiale, 1987; 52
&, 2017), WAL EZRHZAMEEBRSE TR
FAELAE Rt LA R
41 FFERRFEMITLE

XoJ E AT EL A% 2H I 5 1 2K A v 28 TR
WIOCEEI AR, R s A R A T R
2 BE ek TR OIS AR 4 KW, Cr, Mn, Co,
Ga, Sr, Zr, Nb, Mo, Fe, ZnZ X LR R FH]
ik SAE UL b, 1 BT B3 A% 4 )R 9 Li, Cd, o Sn,
Pb, BioCEFRE T H /RN s dl i, MR
JCE PAASHRIEAL AR IEL (1 4) AT OL, POAN
ZRICR M FEAAAE—E 2557 . TR L IFBT ELE
MAFIMV, CrotR FEERAKR, CATREG &=
BT Mot %, BistZE AN & EMiHL>Zn, NbIT
;5 PR ICIHE R b AE Crot R = T
VILE, Mo tEFE R T CdILE, Zn, NbILHEF

10° E

—— HORTCH M R AR e BT
—— HORVH R AIR &

FE A IPAAS

=
LA e s e s O B O

Li Be Sc Ti V Cr Mn FeCo Ni Cu ZnGa GeRb Sr Y Zr NbMo CdSn Cs Ba La W Pb Bi Th U

K KA TS (PAAS) FRifEfbdEk [ (Mclennan, 1989)
K 4 B BRI HbFE R RN it ST R AR

Fig. 4 PAAS-normalized transition-family metal elements in Cambrian crude oil
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Fig. 6 Composition of PAAS-normalized transition-family metal elements in crude oils from Tarim Basin
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Fig. 7 Scatter diagram charts of trace elements for crude oil in this study
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