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Abstract: In recent years, a series of discoveries and breakthroughs in hydrocarbon exploration have been achieved in
the Cambrian strata in the northwestern Tarim Basin (hereafter referred to as the study area). Therefore, investigating
the characteristics of the Cambrian source rocks holds great significance for guiding subsequent hydrocarbon exploration
efforts. Previous studies have generally suggested that the Cambrian marine source rocks in the Tarim Basin primarily
occur in the Lower Cambrian Yuertusi Formation. To investigate the characteristics of source rocks in a new sequence in
the Cambrian Xiaoerbulake Formation, we conduct petrologic and geochemical analyses of samples collected from four
wells (i. e., wells BY1, KTJ1, KPN1, and XSC1) and three outcrops. The analytical results indicate that the source
rocks in the formation in the study area consist predominantly of argillaceous limestones and mudstones. The test results

of samples show that the lower member of the Cambrian Xiaoerbulake Formation exhibits average total organic carbon
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(TOC) contents of 1.55 %, 2.39 %, 0.45 %, 0.89 % (for the four wells) , and 1. 10 % (for the three outcrops) ,

respectively, suggesting fair-to-good source rocks. The formation’ s source rocks contain sapropelic parent materials,

with bitumen reflectance values ranging between 2. 23 % and 2. 57 %, suggesting overmature organic matter and natural

gas-prone source rocks. These source rocks vary in thickness from approximately 20 to 90 m, exhibiting higher quality

in the middle to lower members than in the upper member. Drilling results and seismic profiles reveal that these source

rocks principally occur in the intra-platform depression centered on wells BY 1 and KTJ1, establishing this depression as

the most favorable area for the occurrence of source rocks.

Key words: geochemical analysis, hydrocarbon-generating potential, source rock, Xiaoerbulake Formation, Keping

fault uplift, Tarim Basin
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Fig. 1  Map showing the structural unit division and composite stratigraphic column of the Keping fault uplift in the northwestern

Tarim Basin''®
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Table 1 Whole-rock X-ray diffraction (XRD) mineralogy of core samples from well BY1 in the northwestern Tarim Basin

X - WA 53 1%
FE G i VR /m ” - — e B — , S —
Y KA BHRA S A A B %Asa #it EYW ERA BEEKA
€x-1 3879.1 22.9 6.9 0 0 0 5.5 50.3 14.3 0 0 0
€32 3879.5 13.5 4.6 0 0 0 3.5 68.6 9.8 0 0 0
€ x4 3880.0 4.8 1.2 0 85.0 0 1.5 4.0 3.5 0 0 0
€26 3881.3 8.3 2.0 0 66. 4 0 1.7 17.5 1 0 0 0
€,2-7 3881.8 2.6 0 0 94.6 0 0.9 1.3 0.6 0 0 0
€410 3884.7 33.2 8.5 0 17.8 0 7.0 17.1 13.8 2.6 0 0
€a-12 3887.0 1.0 0 0 88.3 0 0.0 10.3 0.4 0 0 0
€2-16 3890.0 7.8 2.7 0 52.1 0 3.4 27.9 6.1 0 0 0
€x-18 3891.5 6.8 1.8 0 18.7 0 2.6 65.0 5.1 0 0 0
€,2-20 3892.1 10.7 1.4 0 61.8 0 2.5 18.6 5.0 0 0 0
€x-22 3893.5 21.7 5.1 0.2 27.7 0 4.9 33.9 6.5 0 0 0
€x-24 3894.8 6.8 1.7 0 59.2 0 1.4 30. 8 0.1 0 0 0
€,2-25 3896. 6 6.2 1.5 0 18.3 69. 1 1.7 0 3.2 0 0 0
€227 3940. 4 1.3 1.3 0 96. 0 0 0 0 1.4 0 0 0
€,2-29 3942.0 0.8 2.5 0 93.6 0 0 2.6 0.5 0 0 0
€,2-30 3943.0 0.7 1.4 0 96. 8 0 0 0.9 0.2 0 0 0
€2-32 3945.2 0.8 0.8 0 97.1 0 0 0 1.3 0 0 0
Fe/IME 0.7 0 0 0 0 0 0 1.3 0 0 0
ISON( 33.2 8.5 0.2 97.1 69. 1 7.0 68.6 14.3 2.6 0 0
SEHME 9.7 2.7 0 56.3 7.3 2.3 22.0 .8 0.3 0 0
€,y-33 3946.3 0.7 0.9 0 97.5 0 0.8 0 1 0 0 0
€,y-35 3953.5 45.4 8.0 0 0 4.5 11.5 0 25.6 0 5.0 0
€,y-36 3953.7 45.6 15.0 0 0 0 9.1 7.7 19.7 0 2.9 0
€,y-37 3954.0 21.5 5.9 0 0 0 0 0 20.2 0 5.9 46.5
€,y-38 3954.3 6.3 0 0 0 0 0 0 1.3 21.3 6.7 64. 4
€,y-39 3954.8 3.0 0 0 0 75.3 5.4 0 11.6 0 4.7 0
Zyq-1 3955.8 4.6 0.5 0 0 93.2 0 0 0.9 0 0.8 0
7,q-2 3957.3 3.1 1.0 0 0.2 93.3 0.9 0 1.5 0 0 0
7,43 3958.0 0.1 0 0.9 0 98.5 0 0 0.5 0 0 0
2,44 3958.3 1.2 0.5 0 0.8 95.0 0 0 2.5 0 0 0
7.,q=6 3960.5 0 0 0.4 1.0 98.5 0 0 0.1 0 0 0
Z,q-8 3963.0 1.2 0 0.5 0.4 97.9 0 0 0 0 0 0
Z,q-10 4004.0 0 0 0 1.4 98.3 0 0 0.3 0 0 0
Z,q-12 4006.9 .3 0 0.3 0 99.2 0 0 0.2 0 0 0
Z,q-14 4009. 7 .7 0 99.2 0 0 0 0.1 0 0 0 0
Z,q-15 4010.6 3.7 0 0.4 0 95.8 0 0 0.1 0 0 0
He/ME 0 0 0 0 0 0 0 0 0 0 0
S TNE] 45.6 15.0 99.2 97.5 99.2 11.5 7.7 25.6 21.3 6.7 64.4
Rl 10.2 2.6 11.2 11.0 58.3 2.2 0.9 6.1 2.4 1.8 10.3
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Table 2 XRD analysis of clay mineral of core samples from well BY1 in the northwestern Tarim Basin

Zh LWL 5 AR B /%

RS R m
FRA(S) FRAFIA (1) A7 (K) BIRA(C)

€2-1 3879. 1 0 94 1 5
€12 3879.5 0 94 2 4
€14 3880.0 0 92 1 7
€16 3881.3 0 95 1 4
€x-10 3884.7 0 97 1 2
€2-16 3890.0 0 99 0 1
€2-18 3891.5 0 100 0 0
€,3-20 3892.1 0 97 1 2
€322 3893.5 0 99 0 1
€124 3894.8 0 96 1 3
€x-25 3896. 6 0 98 1 1
€227 3940.4 0 97 1 2
€729 3942.0 0 83 9 8
€730 3943.0 0 74 21 5
€x-32 3945.2 0 100 0 0
€,y-33 3946.3 0 75 18 7
€,y-35 3953.5 0 99 1 0
€,y-36 3953.7 0 99 0 1
€,y-37 3954.0 0 94 5 1
€,y-38 3954.3 0 98 2 0
€,y-39 3954.8 0 64 32 4
Zyq-1 3955.8 0 97 1 2
Z,q-2 3957.3 0 90 2 8
7,q-3 3958.0 0 97 1 2
2,44 3958.3 0 96 1 3

fe/MA 0 64 0 0 0

SN 0 100 32 8 0

S A 0 92.15 5 3 0
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AL EL
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scopic characteristics of rock samples from the Cambrian Xiaoerbulake Formation in well BY 1 in the northwestern Tarim Basin
a. TR ICE  EIE A G AR VEIR WA T AR, 96 0. 02 ~ 0. 16 mm, AR TTIHL, FEfh € x—6, HEVR 3 881. 3 m, HifR ;b SKIEA KT LAKY i
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Rl € 2-18, PR3 891. 5 m, Bt sd. UMY SIS, T RCIR S A0 A SR, R € v-25, 119K 3 896. 6 m, il se. SRR T VR Ak IS, AR T A
FEEAT A E B IRBUE R WA G AEZS ), B 5 € x—28, HEVR 3 941. 0 m, Ll . SRS A ML YR 4 BEdh €,y-37, B 3 953. 9 m, FLfR
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Table 3 Thicknesses and organic matter abundance of source rocks in typical wells and on outcrops within the northwestern

Tarim Basin

Bt JE 5 /m JE R fm JELJE /m HE TOC/% =g
BB 3776.00 3 869. 00 93. 00 IR A B — —
BY13F ERNE 3 869. 00 3952. 00 83. 00 IR TR 2+ (0.10~4.01)/1.55(28)  4ihiis
TRt 3952.00 3.956. 00 4.00 KBV (0.13 ~28.20)/11. 12(7)  #REFRIES
H B 3748. 00 3 843. 00 95. 00 IRAEIR BT 4+ (0.20~0.90)/0.45(21) AU A
KTJ1 I H B 3 843.00 3925. 00 82.00 TRIEE IR KA (0.60~5.00)/2.39(16)  HFkiiA
TR 4 3925.00 3.929. 00 4.00 IRBAVEE (0.60 ~5.00)/4.30(16) HlFIeii &
M B 5144. 00 5245.00 101. 00 IREASRL A 25 (0.11~0.54)/0.33(2)  ZRHA
KPN1 SN Es 5245.00 5269. 00 24.00  KERFHHESE  (0.17~1.14)/0.45(15)  BAHRTEE
TRt 5269. 00 5274.00 5.00 (CIENE PN e ey (0.26~2.02)/0.85(3)  §lfhaifis
H FB 4752.00 5013.00 261.00 WK OB TR — —
XSC1 M B 5013.00 5074. 00 61.00 UIERNI Y/ (0.64~1.18)/0.89(24) Ml i &
FRutHrA 5074. 00 5110. 00 36. 00 VIRV (2.10~2.40)/2.20(3) Wl &
H/oRfhiveilim MR — — — KK E = (0.06 ~3.63)/0.49(23) HlfRif s
NP R i TR = W d — — — KEB A = (0.20~7.56)/2.00013)  lfkaifis
[eRtaRl — — — — KEB A= (0.19~3.69/1.47(6)  HREA

T W RBOY H AR B R TOC KB (i /IME ~ S RAED PESE CRE RN B0 o “— AR TE R

®4 RBRBEEAVRFEEHNRE ®5 ERIBERRERFESEHRERERFENREXR
Table 4 Criteria for discriminating the abundance of Table 5 The equation between vitrinite reflectance of solid
organic matter in source rocks bitumen and vitrinite equivalent reflectance
AP I TOCI% B AKX SCHRA IR
il I e g8 (50 etk EqVR =0. 656 9BR, +0. 336 4 Fe 745
P .0 20, 85 EqVR =0. 668R, +0. 346 (B EEL ) o)
P L5920 0,65 0.85 EqVR =(BR,~0. 13)/0. 87(JKH) Bertrand
EqVR =0.938BR,+0. 314 5 Schemidi®!)
HRRA LO~13 0-45~0.65 EqVR =1. 125BR,~0. 206 2 TR
PRER 0.5-1.0 0.25-0.45 R, A U S0 BR, R 75 B T A 3 B VR,
R 0.9 <0.25 IR A,

*6 BEARZHAILLEBYIHEXTEERERHEREMESENRERERSE
Table 6 Statistics of vitrinite reflectance of bitumen from well BY 1 in the northwestern Tarim Basin and its vitrinite

equivalent reflectance

. . N ¥y OBR, ./ BR, .. WE bRUE  EqVR/  EqVR/  EqVR/  EqVR/  EqVR/ .

FRASS TR m i BR,/% :% :% MR oz %™ P gl gt gl it
€a-1  3879.1 JRBERFIKAE 2.94 2.76 3.12 20 0.10 2.27 3.23 2.31 3.07 3,10 MECOWERDS
€x-2  3879.5 fﬁzf’mﬁ K 2.89 2,70 3.08 22 0.10 2.23 3.17 2.28 3.03 3.05  PNACHEAEE
€x—-4 3880.0 JKMBEPRFKA 290 2.81 3.00 8 0.05 2.24 3.18 2.28 3.03 3.06 RIS
€x-7 38818 JKMEPRFKA 2.94 2.80 3.08 12 0.07 2.27 3.23 2.31 3.07 3.10 RO
€x-8 3882.0 KBWRESAENKE 2.92 2.70 3.14 14 0.11 2.25 3.21 2.30 3.05 3.08 RIS
€x-9 38825 JKMEPRFKA 295 2.80 3.10 28 0.08 2.27 3.24 2.32 3.08 3011 RO
€x-10 3884.7 JKMEPRFKA 2,90 2.71 3.10 20 0.10 2.24 3.18 2.28 3.03 3.06 RO
€ax-11 38858 JKMBEPRFKA 292 2.76 3.08 11 0.09 2.25 3.21 2.30 3.05 3.08 s IEASTT
€a-13 3887.0 REEPRFKSA 2.96 2.76  3.15 0.10 2.28 3.25 2.32 3.09 3012 RIS
€x-14 3888.0 JKMEPRFKA 2,90 2.72 3.08 6 0.09 2.24 3.18 2.28 3.03 3.06 AR
€x-15 3889.0 JKEE@PEFK#E 2,92 2.71 3.10 30 0.10 2.25 3.21 2.30 3.05 3.08 MK AT
€x-16 3890.0 JKMBEPRFKA 2,99 2.8 3.19 26 0.10 2.30 3.29 2.34 3.12 3016 RO IEAT
€x-17 3891.0 JREEOPEFKA 3.02 2.8 3.18 4 0.09 2.32 3.32 2.36 3.15 3.19  PRONIERPH
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Table 6 (Continued)

“@xRo

equivalent reflectance

BEAZMAILEZBY HEKTSRRERHEREBREENRRIERHE

Statistics of vitrinite reflectance of bitumen from well BY1 in the northwestern Tarim Basin and its vitrinite

) MRE bR
€x-18 3891.5 REERFIKE 2.95 2.72 3.18 14 0.12 2.27 3.24 2.32 3.08 3011 WAk E R
€x-19 3891.8 KMERFKAE 3.03 2.8 326 11 0.12  2.33 3.33 2.37 3.16 3.20 R A4
€x-20 3892.1 KEEIFTHKSE 3.05 2.82 3.28 30 0.12 2.34 3.36 2.38 3.18 3.23 R R
€x-21 3892.8 KEEEFHKA 3.06 2.8 3.25 30 0.10 2.35 3.37 2.39 3.18 3.24 WS RS
€x-22 3893.5 BCRERFKE 2.95 2.70 3.24 30 0.15 2.27 3.24 2.32 3.08 3010 WA R
€x-23 3894.0 KEERFKSA 3.05 2.85 3.25 23 0.12 2.34 3.36 2.38 3.18 3.23 WS RS
€x-24 3894.8 JKBEWFKE 2.91 2,62 3.20 30 0.16 2.25 3.20 2.29 3.04 3.07 WO RS
€225 3896.6 REERFIKAE 2.95 2.75 315 7 0.11 2.27 3.24 2.32 3.08 3011 Ak R
€x-26 3896.8 KEEEFHKA 3.04 2.8 3.25 15 0.11 2.33 3.34 2.38 3.17 3.21 WA RS
€x-31 3944.4  JKEGJRMKAE  3.40 3.22 358 4 0.15 2.57 3.76 2.62 3.50 3.62 WA AT
€x-32 39452 KE@JESIKE 332 3.01 3.64 22 0.15 2.52 3.67 2.56 3.43 3.53 WS RS
€y-34 3953.4  JREEAJRH 3.34  3.24 3.44 30 0.06 2.53 3.69 2.58 3.45 3.55  LECABRIRR
€y-35 3953.5  JKEEARH 3.32 3.20 3.44 30 0.07 2.52 3.67 2.56 3.43 3.53  WACHERIRIE
€y-36 3953.7 KBS 3.40  3.21 3.60 30 0.10 2.57 3.76 2.62 3.50 3.62 Ak E A HE
€y-37 3954.0  REERH 3.30 3.14 3.46 30 0.09 2.50 3. 64 2.55 3.41 3.51  WECABEIRGE
IR/ ME 2.89  2.62 3.00 4 0.05 2.23 3.17 2.28 3.03 3.05
R 3.40 3.24 3.64 30 0.16 2.57 3.76 2.62 3.50 3.62
SFEE 3.05 2.8 3.24 19 0.10 2.34 3.36 2.38 3.18 3.23
TE:BR IIIE GEBUR TN A BR, | i/ N BRI A BR, | s K BEBUAR SN 35 EqVR N S BTAR RU 36
Fx7 EEARSMAILEBYIHEARBEITER
Table 7 Analytical results of pyrolysis of rock samples from well BY1 in the northwestern Tarim Basin
Hetdis  WE/m Fayis S/(mg/g)  S/(mglg)  S/(mglg) T, ,/C  Pgl(mglg) PI PCI%  TOC/%
€2-1 3879.1 TR ORI A 0.0227 3.9126 1.5405 413 0.18 0.41 0.01 1.93
€32 3879.5 TR BT 0.0235 3.1567 1.4358 548 0.13 0.37 0.01 1. 46
€ a4 3880.0 Y& SRy 0.018 6 5.913 4 1.474 2 418 0.21 0. 47 0.02 1.01
€x-5 3880.8 TRV 0.016 5 4.9432 1.476 5 438 0.13 0. 44 0.01 0.72
€46 3881.3 TR AT 0.0233 0.716 8 0.986 0 429 0.15 0.49 0.01 0. 62
€17 3881.8 TR AP 0.0258 0.698 4 0.9530 419 0.22 0.45 0.02 1.11
€,4-8 3882.0  JKMUEFTHAEEKAE  0.0253 3.8879 3.240 4 426 0.11 0.36 0.01 0.75
€,2-9 3882.5 TR ORI 0.0211 3.156 4 2.876 4 418 0.11 0.31 0.01 1.44
€x-10 38847 TR 0.0172 0.0300 0.067 7 410 0.19 0.25 0.02 2.91
€11 3885.8 RSN Ay e 0.0239 0.700 9 0.717 1 418 0.18 0. 46 0.01 1.33
€x-12  3886.0 IR IR AV 0.0252 0.776 1 0.9217 430 0. 15 0. 42 0.01 0.73
€x-13  3887.0 TR BT 0.0174 0.808 3 0.7893 417 0.17 0.38 0.01 1.52
€x-14  3888.0 B SRy 0.7893 0.7893 0.8334 421 0.16 0.43 0.01 1.03
€x-15  3889.0 YRS ER ALY 0.017 1 0.7582 0.8259 417 0.32 0.38 0.03 2.53
€x-16  3890.0 Y SN Ay e 0.0193 0.970 8 1.0321 425 0.19 0.45 0. 02 0.96
€217  3891.0 TR AV T 0.0249 1.5977 1.504 6 428 0.22 0.20 0.02 1.89
€—18 3891.5 IREBAAPETT I 0.034 6 1.3526 1.124 6 419 0.16 0.32 0.01 1.58
€a-19  3891.8 VB SERYiv e 0.0375 1.4213 1.4213 419 0.12 0.35 0. 01 1.51
€x-20  3892.1 TR 0.0256 0.6572 1.1554 420 0.24 0.28 0.02 2.36
€21 3892.8 YR SRy e 0.0245 0.73211 1.2634 548 0.22 0.23 0. 02 3.17
€2x-22  3893.5 ROV 0.0197 0.7975 1.4947 413 0.29 0.20 0.02 4.01
€2-23  3894.0 TR AR T 0.0235 0.9726 1.699 6 549 0.16 0.28 0.01 2.22
€x-24  3894.8 TR ORI 0.0253 0.9735 1.5435 417 0.22 0.33 0.02 2.24
€x-25  3896.6 RV 0.0232 1.1934 1.4616 415 0.22 0.28 0.02 2.2
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Table 7 (continued) Analytical results of pyrolysis of rock samples from well BY1 in the northwestern Tarim Basin

g WE/m Foais S/(mglg)  S/(mglg)  S/(mglg) T, /C  Pgl(mglg) PI PCI%  TOCI%
€21-26  3896.8 VB SR/ 0.0324 1.6749 1.2176 427 0.20 0.38 0.02 0. 84
€x-27 3940. 4 TR K 0.0232 0.6243 0.686 6 486 0.07 0.35 0.01 0.10
€ x-31 3944.4 IR i I 0.0225 0.7302 0.649 4 451 0.08 0.49 0.01 0.17
€x-32 3945.2 TRAB e it R 0.0242 0.6437 0.7434 448 0.16 0.19 0.01 0.13
€,y-34 3953. 4 IR 0.0196 0.2754 2.1643 548 0.93 0. 10 0. 08 28.20
€,y-35 3953.5 IBAJeH 0.0186 0.2543 2.5214 549 0. 68 0.08 0. 06 23.20
€,y-36 3953.7 KB 0.028 5 0.296 5 2.6436 548 0.29 0.21 0.02 7.47
€ y-37 3954.0 KBRS 0.0275 0.2853 2.4286 436 0.93 0.21 0.08 11.20
€,y-38 3954.3 TR ERE TS 0.018 0 0.247 4 2.1375 425 0.13 0.31 0.01 1.17
€y-39  3954.8 TRAAH S = 0.0140 0.296 5 2.2742 428 0.16 0.43 0.01 0. 46
€y-40  3955.3 TR A 0.0200 0.4811 1.7700 423 0.14 0.26 0.01 0.13

e/ ME 0.0140 0.0300 0.067 7 410 0.07 0. 08 0. 01 0.10

FBoRME 0.7893 5.9134 3.240 4 549 0.93 0.49 0.08 28.20

A 0.064 2 1.4235 1.469 8 449 0.25 0.33 0.02 3.85

m
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Fig. 3 Composite column of the geochemical profile revealed by well BY 1 in the northwestern Tarim Basin
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TOC 5 (S,+S,) 38 = ER(F 4) R, F /R k2 Al
H R AR P 4L A FE S 8RB T rp S - R TR A A
#E . KPN1 YA 8 W 5 Y5 [ 7E 0. 04 ~ 0. 70 mg/g,
PI{E K 0.26 mg/g. T XSC1 H: Y 2E 4 ¥ & W) A T
0. 69 ~ 1. 25 mg/g, FHIME 7 0. 96 mg/g. K7 , 8
VG AT BT b DX AR AR A T AN R, X — IR AR
A g 5 12 b DX YR A T e — ik B A R A B B
%, Hp R A R B 4R

3.3 WMETERMIRUFHE
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F& bR, M Th/U F1 V/(V+Cr) JCER & 5t L AE U RE 6% 8 7R 1T
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Fig.4 TOC contentvs. S, + S, cross plot of samples from the
Cambrian Yuertusi and Xiaoerbulake formations in well BY 1 in the

northwestern Tarim Basin
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Fig. 5 Correlation of geochemical profiles of the Cambrian Xiaoerbulake Formation in the four wells in the northwestern Tarim Basin
(see Fig. 1b for the location of profile )
8 KTZ1J KPN1H(#552) KT
1500
2000
2500
3000 [
g 3500
= 4000
E 4500

&6

B FELAC 8 M 7Y G 7 A 7 v T ) T £ DL 1)
Fig. 6 Seismic section of the Keping fault uplift in the northwestern Tarim Basin (see Fig. 1b for the section location)
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Fig. 7 Planar distribution of source rocks in the Cambrian Xiaoerbulake Formation in the northwestern Tarim Basin
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