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Influence of the Cretaceous fine-grained volcanic materials on
shale oil/gas, Luanping Basin

Liu Xiaoning, Jiang Zaixing, Yuan Xiaodong, Chen Chen, Wang Cheng
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Abstract: Industrial shale oil/gas flow was successfully tested in Well Luanye 1 after fracturing, and the Cretaceous
Xiguayuan Formation in the Luanping Basin has currently been a key zone of hydrocarbon exploration and research in
this area. Recent petrological studies on Well Luanye 1 show that fine-grained volcanic materials have been discovered
in the source rocks and are closely related to the generation and accumulation of shale oil/gas. It has become a new
proposition to explore the relationship between fine-grained volcanic materials and shale oil/gas. The lower member of
Xiguayuan Formation in the Luanping Basin is the target of the study with a combination of analyses and laboratory data
such as cores, microscopic thin sections observation, logging, X-ray diffraction and geochemical test. The sedimentary
characteristics and organic matter development of the fine-grained tuffaceous sedimentary rocks are discussed to provide
theoretical support for further exploration and development of shale oil/gas in the area. On the other hand, the
development of lower member of Xiguayuan Formation is controlled by volcano-lacustrine interaction, with lacustrine
shale, fine-grained tuffaceous sedimentary rocks under the effect of volcanic activities, as well as andesite and
pyroclastic rocks of volcanic facies well developed within. The results show that in the shale, the average TOC content is
0. 64 %, and the average S,+S, content is 0. 41 mg/g; in the fine-grained tuffaceous sedimentary rocks, the average TOC
content is 1.92 %, and the average S,+S, content is 2. 64 mg/g, indicating that the abundance of organic matters is

markedly greater in the fine-grained tuffaceous sedimentary rocks. Pyrite framboids are widely developed in the intervals
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where fine-grained volcanic materials are enriched; meanwhile, Pr/Ph is smaller and V/(V+Ni) is larger, also
indicating a strong reduction of water environment after volcanic eruption. The rapid deposition and burial of fine-
grained volcanic materials is conducive to the preservation of organic matters. Lacustrine carbonate rocks are well
developed and interbedded with laminated organic-rich mudstone and tuff. The interlayer fractures are conducive to
hydrocarbon migration, while the tuff and dolomite laminae provide reservoir spaces. The fine-grained volcanic
materials play a positive role in the complete process from the enrichment and hydrocarbon generation of organic matters
to the storage and preservation of oil/gas.
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Table 1 Experiment on samples from Well Luanye 1, Luanping Basin
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Table 2 Mineral compositions (%) of fine-grained sedimentary rocks in the lower member of

Xiguayuan Formation in Well Luanye 1, Luanping Basin

Femgi's  JFm SRR BEACE b Ak BIRG RHHT Tra B Aaf MET RURMG ALl
5 729. 65 0 0.9 0 16. 4 3.7 22.1 7.2 0 3.2 0 0 46.5
6 773.30 0 0 0 37.4 8.4 18.4 9.5 0 2.4 0 0 23.9
14 811.30 0.8 0 0 14.8 6.7 7.9 8.5 0 2.0 0 0 59.3
19 837.20 0 0 0 19.1 9.3 52.4 0.4 0 6.2 0 0 12.6
20 847.10 0 0 0 18.7 7.4 18.3 8.5 0 4.7 0.3 0 42.1
24 881.32 0 0 0 2.1 3.3 11. 4 0.2 0 83.0 0 0 0
27 921.15 0 0 0 11.8 6.4 28.2 0.1 0 50.0 0 0 3.5
31 956. 80 0 0 0 18. 4 11.5 50.7 3.1 0 3.7 0.8 0 11.8
32 975.90 0 0 0 33.4 2.5 22.4 5.5 18.6 0 1.7 0 15.9
34 982. 45 0 0 0 16.9 6.3 23.5 8.5 35.3 0 1.9 0 7.6
35 985. 30 0 0 0.1 14.2 6.8 22.6 9.2 34.1 0 1.6 0 11. 4
36 992. 85 0 0 0 8.8 6.4 39.4 1.6 31.9 0 3.3 0 8.6
37 999. 70 0 0 0 9.2 5.2 12.5 1.8 59.1 0 5.6 0 6.6
39 1013.15 0 0 0 17.9 4.0 36. 1 3.7 22.6 0 3.3 0 12. 4
40 1016. 65 0 0 0 24.4 15.8 23.8 5.2 0 5.0 3.9 0 21.9
41 1022. 68 0 0 0 4.2 4.3 12.8 0.1 71.0 0 1.5 0 6.1
43 1032.92 0 0 0 14.1 15.3 26.9 11.5 10.9 0 2.9 0 18. 4
44 1041. 50 0 0 0 25.5 10.2 21.3 7.9 0 5.1 4.8 1.5 23.7
67 1249. 25 0 0 0 29.2 35.8 8.6 8.3 0 1.6 5.2 0 11.3
68 1254.63 0 0 0 24.1 6.6 13.2 29.4 0 2.9 4.1 0 19.7
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Fig. 4 Sedimentary characteristics of fine-grained rocks from the Xiguayuan Formation in Well Luanye 1, Luanping Basin
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Fig. 5 Composite stratigraphic column of the lower member of the Xiguayuan Formation in Well Luanye 1, Luanping Basin
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Table 3 Organic matter abundance of mudstone and fine-grained tuffaceous sedimentary rocks in the lower member of

Xiguayuan Formation in Well Luanye 1, Luanping Basin

FEfSS WM TOC%  (S+S,)/(mg-g™") r./C FEdans W /m TOC/%  (S,+S,) /(mgg™") r./C
1 704. 30 0.75 0.370 4 446.7 33 976. 02 2.45 4.690 0 437.0
2 704. 67 1. 10 0.450 0 448.0 34 982. 45 2.97 3.5726 457. 1
3 713.55 0.43 0.0769 561.7 35 985.30 1.77 1.9727 457.1
4 713.75 0.28 0.0300 466.0 36 992.85 1.90 1.905 6 463.5
8 781. 60 0.47 0.062 5 460. 1 39 1013.15 1.22 1.095 6 455.2
9 782. 50 0.62 0.1500 458.0 42 1028.20 1.52 2.480 4 447.0
10 798. 00 0.62 0.3394 451.3 44 1041.50 0.55 0.264 8 448.5
11 799. 52 1.34 0.6500 451.0 45 1.046. 32 2.98 4.8500 461.0
12 808. 20 0.32 0.0100 476.0 46 1122.20 1. 66 2.3600 466.0
13 808. 56 0.36 0.1470 562.2 47 1122.88 1.98 2.166 8 457.8
14 811.30 0.35 0.1556 561.7 48 1126.27 1.70 3.1800 447.0
15 822.16 0.35 0.0500 550.0 49 1126.27 1.69 2.1402 452.0
16 822.26 0.38 0.137 1 562.0 51 1129.33 1.91 2.6100 461.0
18 837.18 0.90 0.5153 458.6 52 1129.80 2.44 5.564 1 444. 6
20 847. 10 0.22 0.1392 468. 2 53 1135.20 2.07 2.0443 452.7
21 868. 17 1.35 2.2370 447.0 54 1136.70 2.96 3.4978 455.2
22 869. 45 0.84 0.3600 446.0 55 1136.73 2.34 2.9200 465.0
23 877.73 0.42 0.1200 474.0 57 1 150. 19 1.81 2.7328 453.2
24 881.32 0.34 0.3359 453.1 58 1153.67 1.42 1.905 7 454.8
25 911.36 1.87 2.260 0 457.0 60 1167.12 2.02 2.7600 468.0
26 911. 40 1. 69 2.2343 450. 6 61 1173.01 1.75 1.5200 448.0
29 945.45 1.82 2.9235 447.5 62 1175.04 0.50 0.2100 449.0
30 947. 30 1.57 2.750 0 437.0 63 1175. 80 0. 68 0.9522 461.3
31 956. 80 1.59 2.3130 453.3 64 1 176.20 1. 66 1.569 5 455.7
32 975. 90 2.09 3.060 5 455.1 65 1180.51 1.70 2.0500 459.0

=4 FFEZMFTI1HANEALATER E
Table 4 R, value of the lower member of the Xiguayuan

Formation in Well Luanye 1, Luanping Basin

[EE RS % /m R /%
2 704. 67 0.93
6 773.30 0.92
19 837.20 1.09
34 982. 45 0.97
36 992. 85 1.04
40 1016. 65 1.08
42 1028.20 111
45 1 046. 32 111
46 1122.20 1.26
56 1147.00 1.32
60 1167.12 1.18
63 1175.80 1.05
68 1254.63 1.21
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Fig. 6 Variation of R, value with depth in the lower member of the

Xiguayuan Formation in Well Luanye 1, Luanping Basin

C k& 8/ %
0 A 100

)

100
0 25 50 75 100
C,, i be & 5/ % Coiff hi & B/ %
K7 A R o0 1 IR 5 4 C,—Coy 731 = &

Fig. 7 Ternary plot of regular sterane C,,—C,, distribution in

Well Luanye 1, Luanping Basin
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Table 5 Regular sterane C,,—C,, content in Well Luanye 1,

Luanping Bain

FERARS WM C, e f /% C i fm/% C,Hibe it/ %

6 773.30 34.19 30. 62 35.19
19 837.20 48.72 29.38 21.90
27 921.15 29.26 25.19 45.55
34 982. 45 55.60 25.09 19.31
36 992. 85 37.40 22.61 39.99
40 1 016. 65 40. 83 23. 64 35.53
42 1028.20 36.33 27.36 36. 31
44 1041.50 35.09 28. 65 36.25
47 1122.88 38.87 26.29 34.84
50 1128.40 51.44 26.21 22.35
52 1129. 80 44. 84 12. 68 42.48
54 1136.70 32.71 30. 80 36.49
59 1157.88 40.58 24.55 34.87
68 1254.63 50. 41 30. 86 18.72

K8 AP ER vt 1 3 P b A=t A R
Fig. 8 Biofossils from the Xiguayuan Formation in
Well Luanye 1, Luanping Basin
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Fig. 9 Comparison of organic matter abundance between mudstone and fine-grained tuffaceous rocks in

the lower member of the Xiguayuan Formation in Well Luanye 1, Luanping Basin
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Fig. 10 Development characteristics of pyrite in the lower member of the Xiguayuan Formation in Well Luanye 1, Luanping Basin
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Fig. 11 Redox index variation with depth in the lower member of the Xiguayuan Formation in Well Luanye 1, Luanping Basin
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Xiguayuan Formation in Well Luanye 1, Luanping Basin
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Fig. 13 Contents of transitional metal elements changing with depth in the Xiguayuan Formation in Well Luanye 1, Luanping Basin
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Table 6 Trace element content in the lower member of the Xiguayuan Formation in Well Luanye 1, Luanping Basin

MRTE SR (ugg™)
B S W m - V/(V4NiI)
Cr Ni \Y Mo
7 777. 50 63.58 26.53 83. 30 0.49 0.76
17 831. 40 63.12 29.57 90. 22 0.70 0.75
28 928. 60 190. 41 42. 14 128. 24 0. 65 0.75
36 992. 85 58. 89 26.61 75.96 36. 10 0.74
38 1005.70 94. 45 31.79 82.97 11.95 0.72
42 1 028. 20 35.39 23.96 63.78 8. 18 0.73
50 1 128.40 49,37 25. 88 78. 83 4. 74 0.75
54 1136.70 81.59 30. 82 96. 07 1. 60 0.76
59 1157.88 54.13 25.87 80. 13 27.15 0.76
66 1243.90 49.99 27.56 97.20 14.42 0.78
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