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Table 1. Burial depth and maturity of samples

Ro(% )
20 1135. 06— 1138 00 Ey 0. 24
18 1625. 60— 1626. 60 Ey 0. 30
2 2586. 66— 2588. 00 Ey 0. 53
11 3601 53— 3609. 51 Ey 0. 73
2
20 18 2 11 4 Rock-Eval Il , 200
T, 10 20 30 40 50C (dT /dt) 600C | Friedman
(s
3
31
4 2 ° 1 2 ° (RO) ?
Toax (€ , 4 hi < h2 <hs <ha, Ry <R:
<R <R/, Toax < Thax < T < Thax & ) 2
20 11 18 , 2.89% 1.99 0.50> 0. 19 ,
S2(mg/g) , 10. 27> 4. 87> 0. 67> 0. 13
2
Table 2 Results of the pyrolytic analysis of samples
Tun(€) Si(me /) 5 (me/g) g () %)
20 430 0. 34 4.87 0. 07 1.99
18 433 0. 02 0.13 0. 13 0.19
2 441 0. 53 10. 27 0. 05 2.89
11 444 0. 44 0. 67 0. 40 0.50
. , 2 2 11
Si(mg /g) 20 18 ,
(IP= S /(S+ S2)), 11 . 18 . 20 N 2

11 18 2 20 2 20
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Table 3 Kinetic parameters of source rocks
(X)
a 10 a 20 a 30 a 40 a 50 0.60 0.70 0.80 0.90 | E(KJmol)
E(E J/mol) 166 74 175 69 169 92 174. 58 188 51 189. 06 197.38 203. 82 212.90
187
20 ) L54E 11| 7 88E 11| L 74B 114 15B 1]3.458 113.46B 11 14B 133.43B 132.66% 13
H(E J/mo) 156 58 | 18759 | 20284 | 20409 | 21225 | 226.74 | 253.65 | 325.45 /
240
18 A(S™ & 238 10{ L 448 13(6 158 134 50B 139.85B 13 1.298 137.238 141718 2I /
(E J/mol) 20043 | 20746 | 21467 | 21850 | 218 60 | 218.79 | 218.95 | 224.14 | 237.70
215
2 ASTH L S8E 137 378 13|2 03B 144 928 145. 168 144.08% 143.99E 147.92E 146. 136 13
HE Vmo) 10212 | 14593 | 18535 | 19269 | 20084 | 204.72 | 211.20 | 228.91 | 308.36
211
1 Als™h 3 01p 064 87@ 092 09 135 86 14 1.93p 132.29% 136.01p 137.708 147.75p 19
4
Table 4 Types of kerogen and macerals
20 75. 0 100 1. 0| 86.0f 4.7 2.3 70 70 100 [ 2.52
18 39.3 | 15.0f 20.0 74. 3| 4.7 16.7 | 21.3] 33| L O] 100 [ 2.49
2 84. 3 10. 3 94. 7| 2.3 0.7 30 23 100 [ 2.43
11 70. 0 70. 0 29.0| 10| 100 I,
187 KI/mol( 20) 240 KJ/mol( 18} 215 KJ/mol( 2% 211 KJ/mol( 11} |
2
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Fig. 1 Relationships of illite and montmorillonite Fig. 2 Relationships of average activation energies
contents of 4 samples vs. burial depth of f4 samples vs. burial depth
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4 , 0.+09
, 20 166. 74= 212. 90 k J/mol, 18  156. 58 325. 46 k J/mol,
2 200. 43— 237.70 kJ/mol, 102. 12— 308. 36 k J/mol, 11 ,
18 20 2 .
, 0.1 ( 3,4 20
166. 74 k J/mol, 18 156.58 kJ/mol, 2 200.43 kJ/mol, 11 102 12 kJ/

2 100 k J/mol,



14

26
20 18 64. 62 kJ/mol  54. 46 k] /mol; 02
, 11 20 29. 76 k J/mol, 18
41. 66 k J /'mol, 2 61. 53 k J/mol; 150 k J/mol s 11
200 3 10%. , 11
s 10. 65 kcal /mol; s 42 44 kcal/
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4 (»20S/( 208 20R) ,
20 18 2 0.05 0.26 0. 16, 3
o (11 )161.43 kJ/mol
. 161. 43 k J /mol
42 44 kcal /mol( 177 k J/mol) ,
(12)
5
Table 5 Comparasions of the smallest activation energies before and
after the extroction of soluble organic matters
(kJ/mol) (kJ/mol) (kJ/mol) Cx20S /(208 20R)
20 135 155.96 20. 96 0. 05
18 37.5 123. 10 85.6 0. 26
2 85 161.43 76. 43 0. 16
11 87 200. 20 113.20 0. 50
AR () HERE
30 0r
24 32
18 24
12| 16
6 8
50 100 160 200 250 9 B 300 IOT I e TR 00 220 e Tee w0
B (K J/mo1) E(KJ/mo1)
3 11 4 11
Fig. 3 Relations of activation energy Fig. 4 Relations of activation energy
distribution and rates of generation of distribution and rates of generation of
extraction of soluble hydrocarbons before the hydrocarbons after the ex traction of soluble
organic matters in the Niu-11 sample organic matters in the Niu-11 sample
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k J /mol , .
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Kinetic Studies of Source Rocks of Immature Oils
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Abstract

This paper shows the results that source rocks of immature oils, which were gathered
from the layer of the Upper E Dongying depression, were studied by using kinetic method.
These results show that source rocks with shallow— buried, immature, low organic matter
abundance properties and related to carbonate rocks can possess a higher rate of hydrocar—
bon generation and higher average activation energies. Based on these cognitions, it was
pointed out that average activation energies might cover the characteristics of immature
hydrocarbon generation. Through studies of activation energy distributions of 4 samples.,
it was supposed that the source rocks which have low activation energy distribution and
are now located under the burial depth of mature threshold perhaps used to produce imma-—
ture oils for the Bamianhe immature oil field, for instance the Niu-11 sample. To deter—
mine what materials of the low activation energy distribution range are, the activation en—
ergy distributions of soluble organic matters was compared with that of the unextracted
sample and it was discovered that materials within the low activation energy distribution
range are mainly soluble organic matters. In addition, it was shown that the deepest burial
depth of generating immature oilsis about 2800 metersin study area and the corresponding
activation energy about 177 K J/mol
Key words  immature oils source rocks kinetics activation energy distribution sol-

uble organic matter threshold of generation immature oils dongying depression



