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Maturity Evaluation of Marine Shale in the Lower Paleozoic in South China
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Abstract: In order to clarify the equivalent conversion relationship between bitumen reflectance and vitrinite reflectance for
evaluating the maturity of marine shale in the Lower Paleozoic in South China, a series of hydrocarbon generation simulation
experiments were carried out in the temperature range of 350—525 °C using a shale from Hongshuizhuang Formation and a
coal sample from Longtan Formation with similar maturity. An equivalent conversion relationship was established by
measuring the reflectivity of bitumen from shale and vitrinite from coal at each temperature point, and also the accuracy of
the method using the simulated sample and outcrop sample is validated. The result shows that they follow this relationship:
VR, (equivalent vitrinite reflectance) = 0.879 8R, (bitumen reflectance) + 0.114 5 (VR, 0.61% —3.04%). The regression
formula of bitumen reflectance can provide an important reference for accurately evaluating the maturity of marine shale strata
without vitrinite in the South China.
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Table 1 Original organic geochemical parameters of experimental samples

FE SRS R # (%) Al )% Si(mg/g) P Sy (mg/g) T (C) TOC(%) T s MR S Y
KSL-M 0.61(R,) 5.03 103.14 447 31.75
DPS 0.58(R,) 1.39 16.21 446 6.49 Il
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Table 2 Reflectance results of the samples from simulated

experiment
. i BRLRE AR 38
% () (%) x4
DPS-J# - 0.58 U
DPS-350 350 1.09 Wi
DPS-400 400 1.61 Wi i
Kk 1 ;
DPS-450 450 2.46 Wi i
DPS-475 475 2.70 Ui
DPS-525 525 3.18 Ui
KSL-J5 - 0.61 AT
KSL-350 350 1.18 AT
KSL-400 400 1.50 AT
1l
KSL-450 450 2.09 AR
KSL-500 500 2.51 A
KSL-525 525 3.04 GRS

H:DPS i 5 AR AR 1 BT KSL G5 AR R0 11 A

Fig.1 Photographs under the microscope ( oil immersion, reflected light, X 50)
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Fig.2 Relationship between reflectance and temperature of simulation experiment
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Table 3 Equivalent conversion equations of bitumen reflectance in references

SCHik FE R R Ay B
ZE4 Landis and Castano(1995) 5 Jacob(1989) %4 #E , {H X & Landis VR, =(R,+0.244 3)/
Schoenherr ez al.(2007) ) . . . VR,<5.0%
B % BT L S 5 30 Landis 250808 19 B0 A 1.049 5
Riediger(1993) VG0 25 b S R 5 R S 5 R e A A AR S R VR,=0.277TR,+0.57 VR,<0.96%

Landis and Castano(1995)

Jacob(1989) 5 DA VAT A A ] 50 S PR
=+ [ 75 R (1988) DU 1] 3 b 52 R 5 A9 D0 PSS LA

Bertrand and Malo(2012) B4 2k U5 52 2R 552 s il ot A
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VR,=0.618R,+0.4 VR,<2.0%
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VR,=0.811 3R, 28

VR,=1.250R,"**
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Fig.3 Relationship between bitumen reflectance and vitrinite

reflectance of simulated samples
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Fig.4 Relationship between bitumen reflectance and vitrinite

reflectance of simulated samples
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Table 4 Equivalent reflectance data calculated by different formulas

S A B AR

W AU A ST R (%)

) Schoenherr ez al.  Riediger FEFEMEET  Landis and Cas- Jacob  Bertrand and Malo Schmidt ez al.
(%) R
(2007) (1993) (1988) tano(1995) (1989) (2012) (2019)
0.61 0.79 0.73 0.62 0.71 0.91 0.76 0.41 0.86
1.18 1.27 0.87 1.07 1.06 1.38 1.07 0.90 1.34
1.50 1.77 1.02 1.53 1.41 1.85 1.39 1.47 1.82
2.09 2.58 1.25 2.28 1.99 2.63 1.92 2.49 2.62
3.04 3.26 1.45 2.91 2.48 3.29 2.37 3.42 3.30
x5 AEAXAXBEHERNDIZHAE GRS EHESIT
Table 5 Equivalent reflectance data of Sichuan basin calculated by different formulas
- _ A %iﬁ%ﬁ)ﬁ?ﬁﬁ%’f%(%) .
g% %) Schoenherr ez al.  Riediger FHEF MY Landis and Castano Jacob  Bertrand and Malo ~ Schmidt ez al.
(2007) (1993) (1988) (1995) (1989) (2012) (2019)
0.82 0.97 0.78 0.80 0.85 1.09 0.88 0.59 1.04
0.67 0.82 0.74 0.66 0.74 0.94 0.78 0.45 0.90
0.58 0.77 0.73 0.61 0.71 0.90 0.75 0.40 0.85
2.31 2.95 1.36 2.62 2.25 2.99 2.16 2.98 2.99
2.26 2.93 1.35 2.60 2.24 2.97 2.15 2.96 2.97
2.96 3.49 1.52 3.12 2.64 3.51 2.51 3.74 3.52
3.02 3.40 1.49 3.04 2.57 3.42 2.45 3.61 3.43
2.77 3.21 1.44 2.87 2.44 3.25 2.33 3.35 3.25
2.25 2.89 1.34 2.57 2.22 2.94 2.13 2.91 2.93
1.54 1.87 1.05 1.62 1.48 1.95 1.46 1.59 1.92
2.29 2.73 1.30 2.42 2.10 2.78 2.02 2.69 2.77
1.65 2.08 1.11 1.82 1.63 2.15 1.60 1.85 2.13
1.96 2.34 1.18 2.06 1.82 2.40 1.77 2.18 2.39
2.17 2.55 1.24 2.26 1.97 2.61 1.90 2.45 2.60
1.88 2.13 1.12 1.87 1.67 2.20 1.63 1.91 2.18
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SR Jacob(1989) 5 £ 8 75 45 (F [H 75 A PR I% 5 ,

1988) ## 57 A A I Hz3 , R KA R,<<2.0% 1)
AR AL B B, 100G 1 5 S D 422 0, RE A T R e
A AL RO Y R, >2.0% LUE L& 45
ST 5 A 2%, EL B A BIL BT B R A 4 3 e
P 2278 K, P04 1 22 B S 1K S
23 LBREFMAEA

BEAURE d JF AN 8 52 4 10 B 4 > A X A Rk
ARSI H T [ 55 R R (1988) B 92 U )1 25 b
R (14 S o ) TR S R T O R B R S D ]
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Fig.5 Relationship between bitumen reflectance and vitrinite

reflectance of outcrop samples
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