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Thermo-compression simulation of hydrocarbon generation and expulsion
of inter-salt dolomitic shale Qianjiang Sag Jianghan Basin

PAN Yinhua' >’ * LI Maowen®® SUN Yongge' LI Zhiming’® LI Luyun’ LIAO Yuhong'

(1. Department of Earth Science Zhejiang University Hangzhou Zhejiang 310027 China;
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Abstract: The inter-salt dolomitic shales in the Qianjiang Sag of Jianghan Basin have a potential to form considerable
amounts of shale oil resources. The study on the thermal evolution of inter-salt dolomitic shales plays an important
guiding role on shale oil resource evaluation as well as oil exploration and development. A thermo-ecompression simula—
tion of hydrocarbon generation and expulsion was performed with an immature dolomitic shale source rock from the
Qianjiang Formation. The quantitative yields of the products generated from source rocks with an increasing thermal
maturity were calculated to explore the hydrocarbon generation and expulsion of inter-salt dolomitic shales. The results
showed that there is a precursor—product relationship between residual oil and expelled oil suggesting that oil genera—
tion is a simultaneous two-step process namely kerogen—bitumen—oil. A strict Boltzmann distribution was observed
between TR and EasyR | value in this study which can be used as a method to describe hydrocarbon expulsion during
maturation within the oil window. Within a TR range of 0-25% the contents of group fractions of expelled oil show
slight changes. However within a TR range of 25%—100% the content of asphaltene fraction rapidly decreases while
the contents of both saturated and aromatic fractions increase significantly. This indicated that bitumen is the main

source of saturated and aromatic hydrocarbons that are gradually enriched in expelled oil. Meanwhile the generated

12017-09-13; 12018-05-26.
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light hydrocarbons improve the liquidity of hydrocarbon fluid and thus enhance hydrocarbon expulsion which results

in a rapid increase in the product yield of expelled oil in this stage.

Key words: inter-salt dolomitic shale; simulated experiment of hydrocarbon generation and expulsion; product

yield; transformation ratio; expelled oil
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150 C

Table 1 Geochemical characteristics of
original samples for thermo-compression
simulation of dolomitic shales

from Qianjiang Sag Jianghan Basin

w( TOC) /% 2.97 ;
S, /(mgeg™") 0.93
S,/(mg g™ 7.41 .
Sy/(mg g™ 1.10
S, /w(TOC) / (mg+g™") 31.31 °
Iy/(mg+g™') 249.00 1.3
Io/(mg+g™") 37.00
Iy 0.11
T/ C 426.00 °
32 — N
14 : (3:1 v/v) . : (2:1
17 v/v) N o
1% 14
Rock-Eval 6 5
Z[I,=S]/(S]+Sz) o Easy%Ro .
3
. o ( TOC) .
20 (S,) (1y)
( 100 g) e} ( [O) Tmax
5 MPa ( 200 ~ 300 m . Easy%R,
) 35 mm ( 0.50% ~1.37% o
20% o
) 2
2.1
1 °C /min
48 h, 10 N
2 o (2.97%)
2

Table 2 Experimental conditions for thermo-compression simulation
of dolomitic shales from Qianjiang Sag Jianghan Basin

/ / / / / /
C h (g*em™) m MPa MPa
260 48 2.22 2 100 31.50 46.60
270 48 2.24 2 400 36.00 53.80
280 48 2.26 21710 40.70 61.30
300 48 2.28 3 050 45.80 69.50
310 48 2.29 3350 50.30 76.70
320 48 2.30 3610 54.20 83.10
330 48 2.31 3820 57.30 88.30
340 48 2.32 4 000 60.00 92.80
360 48 2.33 4250 63.80 99.00
380 48 2.33 4 450 66.80 103.70
o 100 m 0.006 6 g/cm?; P=psg*h
h p g ;

1.5 o
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Table 3 Whole rock pyrolysis parameters of solid residues recovered from thermo-compression
simulation of dolomitic shales from Qianjiang Sag Jianghan Basin
/C w(TOC) /% S, S, Iy/(mgegl) Iy/(mgeg) Iy T/ C EasyR, /% S, 1%
260 2.72 0.35 4.87 179 32 0.07 427 0.50 0
270 2.65 0.36 4.50 170 38 0.07 428 0.54 7.6
280 2.69 0.39 4.56 170 33 0.08 428 0.59 6.4
300 2.58 0.54 4.58 178 24 0.11 431 0.68 6.0
310 2.49 0.60 4.17 167 24 0.13 432 0.73 14.4
320 2.48 0.68 3.86 156 24 0.15 433 0.79 20.7
330 2.18 0.74 3.03 139 34 0.20 434 0.85 37.8
340 1.82 0.58 2.66 146 41 0.18 437 0.92 45.4
360 1.40 0.04 0.66 47 44 0.06 448 1.13 86.4
380 1.21 0.04 0.28 23 67 0.13 449 1.37 94.3
'S, (%) = (S, -8, )IS, x 100 S, 260 C S, 4.87 mg/go
4
Table 4 Product yields and transformation ratio obtained by each thermo-compression
simulation of dolomitic shales from Qianjiang Sag Jianghan Basin
/ / / / / / / /
T (mgeg) (mgeg’) (mgeg') (mgeg') (mgeg') (mgeg™) %
260 52.11 9.50 0.90 62.51 61.61 10.40 3.5
270 56.21 6.68 0.78 63.67 62.89 7.46 2.5
280 72.83 17.24 1.34 91.41 90.07 18.58 6.2
300 86.93 18.40 2.84 108.17 105.33 21.24 7.1
310 103.44 25.38 4.90 133.72 128.82 30.28 10.1
320 121.64 36.92 7.83 166.39 158.56 44.75 15.0
330 134.07 49.28 14.26 197.61 183.35 63.54 21.3
340 106.61 100.79 24.45 231.85 207.40 125.24 41.9
360 32.39 226.18 39.51 298.08 258.57 265.69 88.9
380 33.25 221.04 77.72 332.01 254.29 298.76 100.0
= ( ) = ( ) = ( PERY
(%)= ( / ) x100 298.75 mg/g.
o 1 EasyR,
o EasyR,  0.50% ~
1.37% 1.0% ~ 1.3%
61.61 mg/g 258.57 mg/g o
( 1a), 260 ~ 330 °C ( EasyR, = (
0.50% ~0.85%) 1b) (
(134.07 mg/g) ( )
4 1b) °
; 330 °C( EasyR,> 0.85%)
16
; 360 C
(226.18 mg/g) - o
SPIGOLON (360 C ) 32.39
’ . mg/g (134.07 mg/g) 24.2%
380 C
360 C 39.51 mg/g 77.72 mg/g. ( ) s
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EasyR, 1.0% ~1.3%
EasyR,> 1.3%. :
R, ~1.02% .
2.2 EasyR,
(TR)
S,
» S, (%)= (S, -8, )/
S, x100.
! 260 C
EasyR, ( )
Fig.1 Production yields changing with EasyR, ° 3
in each thermo-compression simulation of dolomitic shales S, o
from Qianjiang Sag Jianghan Basin S, 0 94.3%
14.9% ( N
380 C 26.0% o
SPIGOLON  *
. ( )
(%) =
/ x 100
113 N N ”» o
-8 T RWAN
« . »” . ( 4) 3.5%
100% . S,
1b)
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Cls— ( R*=
0 0.998) .
TISSOT o
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EasyR,
Fig.2 Transformation ratio changing with EasyR, 3
in each thermo-compression simulation of dolomitic shales
from Qianjiang Sag Jianghan Basin Fig.3 Ternary diagram of C,s, saturates aromatics and
polars ( resins+asphaltenes) of expelled oil from thermo—
EasyR con simulation of .
° compression simulation of dolomitic shales
from Qianjiang Sag Jianghan Basin

» SPIGOLON °

20% ~25%
o EasyR,
RO
23
2.3.1
4
° Fig.4 Contents of group fractions of expelled oil changing
. with transformation ratio in each thermo-compression simulation
of dolomitic shales from Qianjiang Sag Jianghan Basin
. 3 25% ~100%
37.04% 8.02%;
( + )
Cys, 18.35% 39.12% 11.07%
Ciss 23.83%; 0
7 918 21-22
] 232
1 C,/CCI(Cy+ C,)
( ) C,/( C+C5+Cy+Cy)
23-24
4 0~25% C,/( Cy+Cy+C,+C5) .C,/( C,+Cy)
. 0~25% G /G, (3
- HUNT *

(R,<0.5%) .
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Fig.5 Molecular indices of hydrocarbon gases changing
with transformation ratio in each thermo-compression simulation

of dolomitic shales from Qianjiang Sag Jianghan Basin

25%
25% o
(1 4 C/(C+C+C+Cs) (C/( Cy+Cy)
C,/C,
25% .
6 In( C,/C,)
In( C,/C,) . In( C,/C,)
. In(C,/Cy) 0~0.25
G, G
0 In( C,/C,)
In( C,/C,) ( 6)

In(C,/C,) In(C,/C,)

Fig.6 Molecular proportions C,/C, vs. C,/C, based
on logarithmic scales in thermo-compression simulation
of dolomitic shales from Qianjiang Sag Jianghan Basin

o

EasyR, =1.0% ~1.3% v EasyR,>1.3%
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[43 N — »
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25%
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