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Composition difference of soluble organic matter in different media
in mudstones and its significance for shale oil enrichment
Zhu Jingxiu
( Exploration and Development Research Institute of Henan Oilfield Branch Company SINOPEC Nanyang Henan 473132 China)

Abstract: The composition of soluble organic matter in mudstones is complex and the study of composition diffe—
rence is not only important to understanding hydrocarbon generation and expulsion processes but also necessary
for us to determine shale oil formation and accumulation mechanisms. Lacustrine shale of the Hetaoyuan Forma-—
tion in the Biyang Sag of Nanxiang Basin was systematically studied to determine the composition difference of
soluble organic matter from different media ( including inorganic minerals and kerogen) . The results were com—
pared with shale oil and sandstone oil and their geological and geochemical significance discussed. Results show
that it is mainly because of the similar polarity among various compounds of saturated hydrocarbon that we can
hardly distinguish the difference of saturated hydrocarbon component of soluble organic matter in different media
which implies shale oil generation and expulsion processes in source rock. However there are obvious variations
of aromatic composition. The aromatic composition of soluble organic matter in organic medium is similar to shale
oil/sandstone oil but the aromatic composition of soluble organic matter in inorganic medium is different from
shale oil/sandstone oil which reflects the processes of hydrocarbon generation and expulsion. Accordingly in
the primary migration in mudstone the generated hydrocarbons firstly filled inorganic mineral pores after achie—
ving the adsorption capacity of mineral particles then entering into the micro-eracks in source rock and/or sand-
stone interlayer finally forming oil and gas enrichment which was the so-called shale oil.
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Geological structure of Biyang Sag Nanxiang Basin and sampling locations
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Table 1 Sample information from the 3rd section 1M 3
of the 3rd member of Hetaoyuan Formation
in Biyang Sag Nanxiang Basin 1~2h
. ® 240 mL 6M 360 mI.  40%
/m
50~60 C
BY10 1 2701.0~3 642.5 2 b
BY20 2 2728.0~2 844.0 '
B3430 343 2679.6~2777.2 IM 3 1~2h
SH4170 417 1732.8~1773.0 . ® 600 mL 6M
WR-66 2 2 816.5 50~60 °C
In0O-66 2 2 816.5 2 b
Org—66 2 2 816.5
1~2h
? °
(2) .
PR 5 mL 25 mL
(3)
201
(4) : N
— Agilent 7890A Agilent 5973
(N) — o : DB-
Petro( 50 mx0.20 mmx0.50 pm) 3 °C /min
80 °C 300 °C 20 min He; EI
70 eV MID 0
2
T !
ACERAGI
’ 7
2
Fig.2 Handling process for shale samples
(
100 g ) 2 34).
4 h . @ 600
ml.  6M 50~60 C 0.5
2 h; ; Cy
1~2h Co
. ® 240 mL Coy— /Co— Ts/Tm
6M 360 mL.  40% 50~60 °C :
2 ho aaaRC,;/Cy 0.5 Cy o
1M 3 ( WR=-66) . ( InO-
1~2 h 66) ( Org—66)

« @ 600 mL. 6M 50~60 °C
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Table 2 Parameters reflecting organic sources depositional environments and maturity

C24_

Pr/Ph  OEP /Cy—  Ts/Tm / Cfgs/ CaufB acaRCy

(S+R) (aa+BB) Cxo

BYIO 055  1.09 0.48 0.45 0.18 0.57 0.46 0.45

BY20 054  1.04 0.45 0.53 0.18 0.59 0.46 0.51

B3430  0.69  1.02 0.38 0.41 0.23 0.51 0.37 0.39
SH4170 045  1.23 0.53 0.33 0.18 0.49 0.37 0.69
WR-66  0.62  1.05 0.75 0.50 0.19 0.61 0.46 0.52
n0-66  0.57 - 0.85 0.52 0.19 0.61 0.45 0.53
Org-66  0.56 - 0.75 0.49 0.15 0.61 0.45 0.50

3 3

Fig.3 GC for samples from the 3rd section of the 3rd member of Hetaoyuan Formation in Biyang Sag Nanxiang Basin
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Fig.4 GC-MS for samples from the 3rd section of the 3rd member of Hetaoyuan Formation in Biyang Sag Nanxiang Basin

Table 3 Saturated parameters reflecting expulsion difference

3

/ / (Ts+Tm) / (Cy TT+CxTT) /
Cys( R+S) Cs5( R+S)
BY10 0.07 0.19 3.01 0.51
BY20 0.08 0.19 3.60 0.64
B3430 0.10 0.24 3.45 1.03
SH4170 0.07 0.24 3.36 0.76
WR-66 0.08 0.21 4.01 0.73
In0O-66 0.07 0.22 3.98 0.56
Org-66 0.07 0.22 4.26 0.67

CTT

19-22
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Fig.5 Geochemical parameter cross plots for samples from the 3rd section
of the 3rd member of Hetaoyuan Formation in Biyang Sag Nanxiang Basin
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Table 4 Aromatic parameters for samples from the 3rd
section of the 3rd member of Hetaoyuan Formation
in Biyang Sag Nanxiang Basin
TMN/ TeMN/ N/ EN/ ’
TMP  TeMP >P > BN F/ET
BY10 228 482 097 61.80 441 7B :
BY20 2.41 4.34 0.99 65.40 5.50
B3430 1.90 5.73 0.70  36.40 3.24
SH4170 3.55 6.51 1.22  47.64 4.31
WR-66 0.06 1.19 0.07 3.84 0.12
1n0-66 0.00 1.03 005 347  0.10 7y .
Org—66 3.21 6.01 1.27  99.08 6.48
: TMN/TMP / ; TeMN/TeMP 24-27
/ ; IN/TP / ; IN/ZBN °



4 * 435 -
80 0001 - L
0 % ZIFEEZE iz 170.00(169.70 to 170.70), HATT 1T I %38% = HIEZE miz 170.00(169.70 to 170.70), 512 Al
160 000
140
#4120 000
100 000
10 000
60 000 J
40 000
I — 200 S DR
45 50 55 60 65 3 40 45 50 55 60 65
fif [ /min IR [7]/min
80 000~ 200 0001
70 000 ZHESE, miz 220.00(219.70 t0 220.70), HAT I T 10 ool = HIEAE, m/z 220.00(219.70 t0 220.70), #4512 U
60 000
140 000}
24350 000 4120 000}
240 000 #1100 000
30 000 80 000
| 60 000
20/000 40 000}
10000 20 000f
30 35 40 B 50 S5 60 65 30 35 0 45 50 55 60 65
i [8]/min I R]/min
UHIIEZE, /= 184.00(183.70 to 184.70), 0T 11 HU 4 . o s
woor TR ( o 184.70), R Tl o000 TITHHEZE, miz, 184.00183.70 to 184.70), MT2H T2
35000
30000 50 000}~
125 000 440 000
;,j_?(_l % #5830 000
S
10000 20 000}
5 000, 10 000}-
o A o “ ke " — 0 s
30 35 40 45,50 55 60 65 30 35 40 45 50 55 60 65
i [7)/min I} 1) /min
40 000
35 0001 60 000 N "
30 000k PUFIFEE, m/z 234.00(233.70 to 234.70), WATLIFF Tl 50 000} PUFIEEE, m/z 234.00(233.70 to 234.70), WA TL2IF T4l
125 000 (40 000
4120 000 HE30 000
{g % I 20 000}
L 10 0001
>0 ‘ ‘ . . 0 ‘ ‘ MR ad
30 35 20 s 50 55 60 65 30 35 40 550 55 60 65
15 T8 /min [} []/min
6 3
Fig.6 Methylnaphthalenes and methylphenanthrenes GC for shale oils from the 3rd section
of the 3rd member of Hetaoyuan Formation in Biyang Sag Nanxiang Basin
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Fig.7 Methylnaphthalenes and methylphenanthrenes GC for sand oils from the 3rd section

of the 3rd member of Hetaoyuan Formation in Biyang Sag Nanxiang Basin
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Fig.8 Naphthalene/phenanthrene and naphthalene/phenyl
naphthalene series of all samples from the 3rd section
of the 3rd member of Hetaoyuan Formation
in Biyang Sag Nanxiang Basin
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Fig.9 Diagram showing hydrocarbon micro-migration in shale
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