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Vertical weathering characteristics of surface samples of shale gas
reservoirs-A case study of Longmaxi Formation shale in Xishui
Guizhou Province China
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Abstract: Weathering of shale is known to be a very complicated process. Because of the significant alteration in
organic matter and mineral composition etc. surface samples do not fit the purpose of resource evaluation directly.
While most previous studies focused on the impact of shale weathering on environment by using outcrop samples its
influence on the assessment of shale gas resource was much less investigated. Considering lower Silurian Longmaxi
Formation black shale is a promising shale gas reservoir we have collected 5 meters of core samples of such shale
from Xishui County Guizhou Province China and systematically examined the vertical weathering characteristics of
superficial shale samples using major and trace element analysis XRD TOC thermal analysis SEM and etc. We
found that samples from the survey site at different depths including Om( surface) 0.5~1.5m and 2~5m exhibited
varying degree of weathering 1. e. severely weathered moderately weathered and arguably unweathered
respectively. Therefore in the early assessment of shale gas resource sampling of fresh shale below 2m is highly
recommended. This work has revealed the vertical weathering pattern of the Longmaxi Formation shale in Xishui
Guizhou which will provide a scientific basis for the practices of preliminary assessment of shale gas resource as well
as associated field sampling.
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Fig.1. Geological map of sampling point area.
1
Table 1. Number of samples of different depths
QLCO0  QLCA QILC=2  QLC3 QLC4 QLCS QLC6 QLCT

/m 0 0.5 1.0 1.5 2.0 3.0 4.0 5.0
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Table 2. Whole rock major element content and CIA for drill hole shale samples of the Qilongcun Longmaxi Formation

/m Al, 04 Ca0 Na, O K,0 TiO, CIA
QLC-O 0 9.45 0.10 0.35 2.43 0.44 87.23 100 73.6
QLC- 0.5 9.04 0.22 0.49 2.33 0.42 87.50 100 70.8
QLC2 1.0 9.19 0.23 0.52 2.32 0.42 87.32 100 70.8
QLC3 1.5 8.54 0.14 0.55 2.23 0.41 88.13 100 70.5
QLCH4 2.0 9. 66 3.86 0.57 2.54 0.43 82.94 100 67.6
QLC-S 3.0 8. 11 2.59 0.49 2.14 0.37 86. 30 100 67.3
QLC-6 4.0 8.21 2.80 0.52 2.14 0.38 85.95 100 67.1
QLCH 5.0 11. 49 4.56 0.89 2.95 0. 54 79.57 100 65.2
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Fig.3. CIA and A-CN-K patterns for drill hole shale samples of the Qilongcun Longmaxi Formation.

Fig.4. Relationship between content of Al,O; and major oxides of drill hole shale samples of the

ilongcun Longmaxi Formation.
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Fig.5. Distribution characteristics of trace element for drill hole shale samples of the Qilongcun Longmaxi Formation.
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Table 3. Mineral compositions and TOC for drill hole shale samples of the Qilongcun Longmaxi Formation
/m TOC
QLC-0 0 72.5 4.6 <0.5 <0.5 13.4 9.4 <0.5 3.0
QLCH 0.5 70. 4 7.9 <0.5 <0.5 13. 1 8.3 <0.5 3.0
QLC2 1.0 56.4 15 <0.5 <0.5 22.7 6.0 <0.5 3.7
QLC3 1.5 77.8 6.2 <0.5 1.6 7.0 7.5 <0.5 4.0
QLCH4 2.0 60.5 13.5 4.8 0.7 10.5 3.6 6.5 3.7
QLC-S 3.0 69. 6 11.5 4.0 <0.5 5.4 7.8 1.8 3.8
QLC-6 4.0 73.1 8.6 5.5 <0.5 9.6 1.4 1.9 4.3
QLC— 5.0 41.9 19.2 3.4 <0.5 28.3 5.6 1.6 5.0
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Fig.6. TG and DTG for drill hole shale of the Qilongcun Longmaxi Formation.
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Fig.7. SEM images for drill hole shale from the Qilongcun Longmaxi Formation.
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