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Experimental study on late gas generation characteristics of the Middle
Devonian sapropelic source rocks of in Northwestern Sichuan Basin
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Abstract: The Paleozoic source rocks in southern China contain mainly Type I - Il kerogen and are currently over-
mature with vitrinite reflectance (R,) greater than 2. 0 %. Accurate evaluation of the gas generation potential of Type I -
I kerogen after oil generation and expulsion and geochemical characteristics of over-mature gases are of great
significance to natural gas exploration of deep and ultra-deep Paleozoic gas pools in southern China. In view of this, the
mature Devonian source rock samples (R~1.1 %) collected from the Guanwushan Formation in Northwestern Sichuan
Basin are applied for gold tube pyrolysis experiments, and the gas generation potential of Type I -1 kerogen at the high-
to-over mature stage and the geochemical characteristics of over-mature gas generated are investigated in combination
with existing documents. The results show that the residual oil content of the studied samples is 140 mg/gTOC and has a
gas generation potential of 220 mL/gTOC at present, indicating high gas-generation potential. Furthermore, the amount
of gas from kerogen cracking is at least 140 mL/gTOC and that of gas from residual oil cracking is at best 80 mL/gTOC,
indicating that kerogen-cracking gas is the main source of late gas generated from the sapropelic source rocks under high
oil expulsion efficiency. Meanwhile, the geochemical characteristics of the late gases generated from the sapropelic
source rocks are obviously affected by oil expulsion efficiency. For example, the dryness coefficient of the gases is high,
and the methane carbon isotope grows heavier rapidly with increasing methane yield. At R=3. 50 %, the carbon isotope

of methane is close to that of the original kerogen (with a mere carbon isotopic fractionation difference of 0.5 %o). The
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results obtained above will be of scientific basis to the evaluation of natural gas exploration potential and the

identification of natural gas sources in the deep and ultra-deep Paleozoic reservoirs in southern China.

Key words: gas from kerogen cracking, methane carbon isotope, sapropelic source rock, late gas generation, deep

natural gas, Middle Devonian, Northwestern Sichuan Basin
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Fig. 1 Maps showing structural location and characteristics

" of the study area, stratigraphic columnar section, outcrop picture showing

sampling horizon and photo showing the sample from the Middle Devonian Guanwushan Formation limestone in Northwestern Sichuan Basin
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Table 1 Basic geochemical parameters of the Middle Devonian Guanwushan Formation source rocks in Northwestern Sichuan Basin

FEA 2R TOC/% S/(mg-g™) Sy/(mg-g™) T.JC Hl/(mg-g™") 313C/%0
D,G-1 2.75 0.72 4.19 450 152 -28.8
D,G-2 2.67 0.78 4.15 453 155 -28.5
D,G-3 3.57 1.09 5.43 450 152 -28.5
D,G-4 1.90 0.48 2.47 453 130 -28.6
D,G-5 2.20 1.10 3.17 451 144 -28.3
D,G-6 2.27 1.18 3.33 450 147 -29.4

K-5 69.75 23.96 91.16 450 131 -28.3
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Fig. 2 Late gas generation potential of the Middle Devonian Guanwushan Formation kerogen (R =1. 1 %) in Northwest Sichuan Basin
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Table 2 Gas yield and methane carbon isotopic compositions in gold tube pyrolysis experiments of kerogen from the Middle

Devonian Guanwushan Formation source rocks in Northwestern Sichuan Basin

. wuo *EqVR /% %WW%E/( mL'g‘ ) TR E% 81C /%o

I C CH, CH, CHy i€, naC, iC;  nC, C,os C, s
384 1.10 10.91 4.81  1.83 0.37 0.31 0.08 0.03  9.17  23.55 46.33 -44.4
408 1.32 33.19 1154 407 0.54 0.64 0.15 0.09 17.03  50.22 66. 09 -43.0
432 1.58 61.55  15.21 4.23 0.73 0.46 0.21 0.04 20.87  82.43 74.67 -40.2
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552 3.15 208.35 0.3 001 — @— @ —  — 0.35  208.70 99. 83 -30.3
576 3.39 216. 41 030 — - - - = 0.31  216.72 99. 86 -29.4
600 3.58 219.60 029 @— @— — = — 0.29  219.90 99. 86 -28.8
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Devonian Guanwushan Formation kerogen in Northwestern Sichuan Basin
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