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drilling of Well LT-1 and their significance to deep oil gas exploration
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Abstract: The lower Paleozoic strata in the Tarim Basin is a key area for deep oil and gas exploration. As such, its
lower Cambrian source rocks are the focus of current research. However, owing to their extensive burial depth,
few samples of Lower Cambrian source rock are drilled at present. Well LT-1 is the deepest drilling well in this
area at its current stage. In this study, systematic organic geochemical analyses were carried out on Lower
Cambrian samples from Well LT-1. The analysis of organic matter abundance and organic matter type indicated
that the lower Cambrian Yuertus Formation is a high-quality source rock. The source rock’s maturity was

determined by the bitumen reflectance, Raman laser spectrometer, and the rock extracts’ biomarker index. The
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average bitumen reflectance ranges 1.515%—1.725%, and the equivalent reflectance of vitrinite measured by laser
Raman spectroscopy is 1.64% on average. The kerogen carbon isotope ranges from —30.98%o to —31.51%o, with an
average of —31.19%o, showing a type II organic matter. The maturity RC1-2 of methylphenanthrene is between
2.14%-2.19%, while that of Dibenzothiophene is between 1.14%—1.59%. The biomarker index shows significant
variations in maturity. Simultaneously, the burial and maturity histories of Well LT-1 were restored by basin
simulation software. Compared with traditional simulation results, our simulation results show a shallow-burial in
their early stage, and the highest paleotemperature is emerging at the present stage, representing a typical
late-hydrocarbon generation. At the late Cretaceous, the Lower Cambrian source rock entered a condensate and
wet gas state. Our preliminary results show that the tectonic evolution in Tabei Area may have also been affected
by basin-mountain coupling processes since the Cenozoic. The rapid burial since the Cenozoic resulted in late
hydrocarbon generation, which still has a suitable prospect for oil and gas exploration in deep areas, especially for

condensate and wet gas.

Key words: Well LT-1; Lower Cambrian source rock; Yuertusi Formation; deep oil and gas; Tarim Basin
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Fig.1 Location of Well LT1 and the geological map of its adjacent areas (modified after reference [1])
&1 RBRIR1H 65 MEEHMA Rock-Eval :5 A AR
Table 1 Rock-Eval data of 65 cutting samples from Well LT-1
By BE (m) TOC (%) Sy (mg/g) > (mg/g) 83 (mg/g) PI tmax (C) Iy (mg/g) Io (mg/g)
1 8620.0 0.83 0.24 0.67 0.69 0.26 437 81 83
2 8621.0 0.86 0.25 0.66 0.60 0.27 430 77 70
3 8622.0 0.87 0.36 0.93 0.85 0.28 436 107 98
4 8623.0 1.42 0.75 1.49 0.74 0.33 445 105 52
5 8624.0 1.59 1.62 1.82 0.82 0.47 438 114 52
6 8625.0 1.34 0.72 1.53 0.73 0.32 439 114 54
7 8627.0 2.64 0.90 2.52 1.08 0.26 440 95 41
8 8628.0 2.33 0.78 2.29 1.1 0.26 436 98 47
9 8629.0 1.46 0.57 1.55 0.79 0.27 438 106 54
10 8630.0 1.37 0.56 1.41 0.67 0.29 442 103 49
11 8631.0 1.38 0.56 1.48 0.73 0.28 439 107 53
12 8632.0 1.59 0.62 1.9 0.96 0.25 435 119 60
13 8634.0 1.74 0.78 1.98 0.87 0.28 435 114 50
14 8635.0 1.41 0.61 1.53 0.84 0.29 436 109 60
15 8636.0 1.59 0.78 2.44 0.88 0.24 430 153 55
16 8637.0 1.01 0.29 0.84 0.72 0.26 435 83 71
17 8638.0 0.92 0.25 0.81 0.99 0.23 432 88 108
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(&1
e WE (m) TOC (%) Sy (mg/g) S, (mg/g) S5 (mg/g) PI fmax (C) I (mg/g) Io (mg/g)

18 8639.0 0.97 0.27 0.83 0.90 0.25 433 86 93
19 8640.0 0.99 0.32 0.89 0.83 0.27 429 90 84
20 8641.0 0.83 0.25 0.72 0.82 0.26 429 87 99
21 8642.0 0.93 0.60 2.34 1.7 0.20 431 252 183
22 8642.5 0.85 0.26 0.98 1.05 0.21 426 115 124
23 8643.0 1.22 0.42 1.82 1.51 0.19 427 149 124
24 8644.0 1.03 0.38 1.13 0.90 0.25 424 110 87
25 8644.5 0.74 0.27 0.81 1.02 0.25 425 109 138
26 8645.0 1.03 0.26 0.84 1.03 0.24 423 82 100
27 8645.5 0.81 0.21 0.80 0.7 0.21 423 99 86
28 8646.0 1.12 0.18 1.02 1.04 0.15 427 91 93
29 8646.5 1.22 0.36 0.97 1.02 0.27 425 80 84
30 8647.0 1.51 0.42 1.51 1.51 0.22 426 100 100
31 8647.5 1.90 0.51 1.87 1.43 0.21 432 98 75
32 8648.0 1.46 0.58 1.75 1.10 0.25 433 120 75
33 8648.5 2.50 0.81 2.89 1.91 0.22 434 116 76
34 8649.0 1.76 0.72 1.75 1.31 0.29 431 99 74
35 8649.5 1.28 0.51 1.68 1.15 0.23 427 131 90
36 8651.0 1.23 0.37 0.99 1.26 0.27 433 80 102
37 8652.0 1.47 0.46 1.16 0.91 0.29 433 79 62
38 8653.0 1.15 0.5 1.24 0.91 0.29 437 108 79
39 8654.0 1.33 0.59 1.42 1.16 0.29 433 107 87
40 8655.0 1.68 0.57 1.47 0.87 0.28 444 88 52
41 8656.0 1.64 0.51 1.37 1.20 0.27 436 84 73
42 8657.0 0.87 0.32 0.95 0.76 0.25 437 109 87
43 8658.0 1.17 0.42 0.99 0.74 0.30 435 85 63
44 8659.0 1.78 0.39 1.05 0.81 0.27 436 59 46
45 8660.0 1.84 0.45 1.32 0.95 0.26 434 72 52
46 8661.0 1.52 0.45 1.13 0.78 0.29 431 74 51
47 8662.0 2.25 0.79 1.61 0.82 0.33 433 72 36
48 8663.0 3.12 0.96 3.29 0.76 0.23 437 105 24
49 8664.0 8.65 2.18 6.47 0.76 0.25 472 75 9

50 8665.0 7.89 2.13 6.13 0.74 0.26 455 78 9

51 8666.0 6.72 1.80 5.40 0.71 0.25 451 30 11
52 8667.0 9.73 1.82 7.14 0.67 0.20 479 73 7

53 8668.0 9.58 2.40 7.32 0.61 0.25 481 76 6

54 8669.0 8.67 1.74 6.43 0.68 0.21 476 74 8

55 8670.0 10.41 2.00 8.07 0.67 0.20 478 78 6

56 8671.0 10.63 2.07 8.16 0.62 0.20 476 77 6

57 8672.0 7.43 2.06 6.41 0.70 0.24 477 86 9

58 8673.0 7.63 2.92 7.03 1.10 0.29 468 92 14
59 8674.0 7.18 2.55 6.61 1.06 0.28 444 92 15
60 8675.0 9.37 2.34 7.55 0.69 0.24 473 81 7

61 8676.0 8.36 2.07 7.05 0.94 0.23 473 84 11

62 8677.0 9.94 2.46 8.09 0.84 0.23 475 81 8

63 8678.0 10.31 1.82 7.81 0.88 0.19 472 76 9

64 8679.0 6.43 1.51 5.16 1.03 0.23 463 80 16
65 8680.0 3.88 1.80 4.40 2.48 0.29 431 113 64

H: TOC— A HLER; PI-7= K45 5L
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Fig.2 Stratigraphic variation of the Rock-Eval data of cuttings from Well LT-1 profile
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Table 2 Results of total organic carbon (TOC) and elemental analysis of kerogens of 5 samples from Well LT-1
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LT-1-4 8648.5 0.52 0.53 0.014 32.53 3.04 0.94 4.02
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Fig.5 Microscope images of source rocks from Yuertusi Formation

Table 3 Measurement results of bitumen reflectance (%) of core
samples from Well LT-1
W 5 REE (m) W22 EL Rop (%)
1 8641.5 42 1.727
2 8643.7 12 1.544
3 8645.0 37 1.515
4 8647.5 39 1.590
5 8648.5 23 1.583
6 8648.5 32 1.450
7 8649.4 16 1.725
8 8649.5 23 1.678
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Table 4 Raman spectra results of Yuertusi Formation source rocks from Well LT-1 (depth = 8648.5 m)

7 o i a -
WEGS by o o) %i ;;i ?ﬁﬁ S L L
1 1.82 1353.76 1596.48 242.72 100.000 67.4114 312129 299866 1.041 2701.75 4045.79 0.668
2 1.72 1351.87 1592.62 240.75 100.000 91.2412 110231 135216 0.815 954.16 1278.94 0.746
3 1.46 1355.61 1591.53 235.92 237.496  72.0491 452150 197939 2.284 1980.09 2802.71 0.706
4 1.71 1351.01 1591.69 240.68 256.175 72.0493 449553 180985 2.484 1829.15 2562.64 0.714
5 1.48 1353.99 1590.35 236.36 274.854  72.0491 514524 196900 2.613 1955.31 2788 0.701
6 1.89 1347.74 1591.69 243.95 237.496  72.0493 342428 146801 2.333 1499.72 2078.61 0.722
7 1.55 1355.06 1592.78 237.72 100.000 100.0000 175406 239063 0.734 1518.28 2066.29 0.735
8 1.65 1350.71 1590.18 239.47 256.175 74.7175 305591 122215 2.500 1243.40 1669.16 0.745
9 1.66 1352.39 1592.03 239.64 100.000  90.5912 119594 149439 0.800 1035.20 1423.44 0.727
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Fig.7 Mass chromatograms of saturated hydrocarbons, m/z=191 and m/z=217 of Cambrian mudstone source rocks from Well LT-1
1-C9 ZIRMEBE; 2-Cop = IR biE; 3-Coy = IRMEbE; 4-Con = IR LE; 5-Coz = IR bt; 6-Cos = IR E; 7-Cos ZIRMEHE; 8-Cog PUIRMBERE; 9-Crs =3
W BE R ); 10-Ca7 ZFRHEBE(AUE); 11-Cog = FRHEBE(BUE); 12-Ts; 13-Tm; 14—Cag 2E%E; 15-CaoTs; 16-Cao THERELE; 17-Cao Bk 18-Cso 22 %E;
19-Cso B%t; 20-Csy FHEERE S; 21-Cyy FHEEKE R; 22N Dy he; 23—Cp THEERE S; 24-Cap THESE R; 25-Ca3 TFEIRE S; 26-C33 FFEESE R; 31-Cy £ 58
32-Cor T HE 42 Ba20S; 33—Coy T HEHS 4% Pa20R; 34-Cay 5 4% 00020S; 35-Ca7 £ 5% apP20R; 36—Co7 i 4E app20S; 37-Co7 i bt a0a20R; 38—Cag
bt 0a20R; 39-Cao 5 5E 00020S; 40-Cao i %8 aBB20R; 41-Cog £ b apB20S; 42—Cay K % 0a20R

x5 BRI1IABRRAFTUHHFARRERR
B REMRENSY

Table 5 Biomarker results from soluble organic matter of the
lower Cambrian Yuertusi Formation from Well LT-1

%5 LT-1-1  LT-1-2 LTI-1-3 LTI-1-4 LT-1-5 LT-1-6

1 0.34 0.37 0.45 0.45 0.32 0.34
2 0.38 0.42 0.40 0.36 0.37 0.37
3 1.16 1.12 1.26 1.39 1.11 1.11
4 0.64 0.62 0.38 0.32 0.66 0.71
5 0.23 0.31 0.27 0.24 0.39 0.26
6 0.29 0.30 0.32 0.30 0.27 0.34
7 0.27 0.26 0.24 0.22 0.26 0.25
8 0.43 0.43 0.44 0.48 0.46 0.40
9 0.50 0.47 0.44 0.43 0.45 0.48
10 0.54 0.55 0.57 0.49 0.48 0.52
11 2.50 2.78 6.92 12.16 12.65 13.83
12 1.14 1.17 1.41 1.56 1.57 1.59

{£: 1-Pr/n-Cy7; 2-Ph/n-Cyg; 3—-P1/Ph; 4-Ca3 = IR 4E/(Coz =
e +Cao B2 HE); S I BE/Cay B BE(SHR); 6—Ca7/(CartCast+Cao) i bt
00020R; 7—Cys/(Ca7+Cas+Cr0) i 45¢ 00a20R; 8—Cao/(Ca7+Cas+Cao) S Jt
0a020R; 9-20S/20(R+S)Cyo i Ht; 10-BB/(aa+BP)Cao i bie; 11-FF I
FEIFWEWFFE B (Impr); 12—-Rc2

Ko AR B SR (LT-1-3 I LT-1-4)
R Y AR g 1 o (B 7), IEABekR s BAT
B A A RAE, FEIEBREIE nCia~nCie Z ], A LL
T BERE i, i BURIR A & T 20 8 i BT A o
R, BB ot PR o AH X 5 B U 2 B R i i
242 %WirE W

AT AR R K], ERABFE Sy &
AT B 6 (Cs) « 4-F 3E-24-Z LB 5 BE(Cs0)
FILTFRA S e . 24-FE IR BE(Cae) . Cag 55 AN
I e S AR AR R ) Cog B RS IR TR L
A S T O A D o S R YR DU R e 1
R, DURE R R EORIE T RWEA B R, BERES
A T 43 2 KR B FORIBL AT Z R e 1T, R,
= 000 0 ot B s DR DURR I A7 7R 25 43 2K
RIS R YR 9T U 2 B I o B VR - 2 4 3 L
AEFE RS IERE S Cosaaa20R {55 HEFHXT 7 (] 6
FIEEL 7), AN ke /Csy (SHR)ZE BE HLE AT 0.23~0.39
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Fig.8 m/z=191 and m/z=217 mass chromatograms of saturated hydrocarbons of Cambrian limestone source rocks from Well LT-1
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Fig.9 Carbon isotope distribution range of the lower Cambrian
kerogens from different areas of the Tarim Basin
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Table 6 Compositions, contents, and carbon isotopic compositions of source rock extracts from Well LT-1

L) R [k R B2 WHEF 0"Cume  0°C e OPC e 0"Cuwwm 0"Cuw  0°C run
(m) (%) (%) (%) (%) (%o0) (%0) (%o) (%o0) (%o) (%o0)
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Fig.10 Kerogen carbon isotopic compositions and group compositions of Cambrian source rocks from Well LT-1 (a);
drilling-well and profile samples in other areas (b) (data from this paper and reference [23])
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