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Abstract: The black shales, characterized with high TOC contents, of the Lower Carboniferous Dawuba Formation in the
southwestern Guizhou represent a significant potential targeting layer for exploring shale gas in the region. Concurrently,
these shales have extremely high contents of clay minerals, typically comprising >50% of their total mineral compositions.
They are significantly characterized with the intergrowth and enrichment of illite-rich clay minerals and organic matters.
To systematically reveal the genetic coupling relationship between organic matters and clay minerals in the sedimentary
and diagenetic processes is of crucial importance for understanding the mechanism of shale gas enrichment in this region.

Previous studies have largely focused on single geochemical processes, such as the adsorption/preservation of organic
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matters by clay minerals or their influence on the pore structure. They have not systematically clarified the multiple
formation mechanisms of clay minerals and the dynamic coupling relationship between organic matters and clay minerals
in the sedimentary and diagenetic processes. In this study, we carried out the field geological survey, drilling data analysis,
core logging, integrated lithological and geochemical investigation, and nanoscale microscopic characterization of mineral
features, in order to reveal the coupling mechanism between the organic matter enrichment and clay mineral formation.
The results indicate that clay minerals are enriched via multiple genetic pathways, with various genetic illites including the
terrigenous input illite and authigenic transformed illite. Chlorite, as an early product of the weathering of rock-forming
minerals, provided the material basis for the illite formation. The transition of greenhouse-icehouse climates during the
Early Carboniferous period drove the evolution of sedimentary environment. The intensive chemical weathering and
counter-weathering during the transgressive stage of Member 2 of the Dawuba Formation led to its significant enrichment
of clay minerals, whereas the relatively cold climates of Members 1 and Member 3 of the Dawuba Formation resulted in
theie relatively high contents of chlorite and relatively low overall contents of clay minerals. There is a synergistic
mechanism with different major controlling factors for the enrichment of organic matters and clay minerals. The
enrichment of clay minerals was mainly controlled by the chemical and counter-weathering, while the enrichment of
organic matters relied on the terrigenous input. This caused a weak correlation between the organic matters and clay
minerals in the deep-water setting of Member 2 and positive correlations betweem them in Members 1 and Member 3.
This study is of great significance for the sedimentological research of organic-rich shales deposited under similar
interglacial greenhouse climate conditions and for the oil and gas exploration.

Keywords: Early Carboniferous; paleoenvironment; clay minerals; Illite; organic matter enrichment
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Fig. 1. The Early Carboniferous lithofacies palacogeographic map of the southwestern Guizhou (a) and lithological column of

the Dawubaba Formation (b)
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Fig. 2. Elemental vertical variation characteristics of black shale samples from the FZY section
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Table 1. Mineral composition of black rock samples in this study
FZY FZY QY-2
AR Wi #h
FEf RE KSR . | B RE KR s b FE RE KR - #+
N “ . . . N . = .
45 m HWI% W% | w5 /m W% W% % w5 m o W% 1%
1% 1%

FZY-41 5.2 51.8 28.9 20.6 ||[FZY-20 125.1 48.3 52 453 QY2-3 663.5 43.2 3.8 46.9
Fzy-40 155 23.1 37.3 42.0 |FZY-19 129.6 30.7 36.3 29.6 || QY2-6 674.8 359 28.4 31.8
FZY-39 16.9 25.0 30.5 45.5 FZY-18 132.8 35.6 1.2 61.1 QY2-22 688.9 38.9 42.4 17.0
FzYy-38 185 375 4.3 41.5 ||FZY-17 1343 45.5 0 504 | QY2-27 693.4 49.0 6.8 41.6
FzY-37 21.6 39.5 31.6 269 |[FZY-16 135.0 43.2 0 552 | QY2-31 697.1 31.4 249 433
FZY-36  24.0 26.1 34.5 36.5 FZY-15 147.0 50.3 0 49.7 QY2-33  701.0 29.8 8.7 56.7
FZY-35 253 317 36.5 28.8 ||[FZY-14 149.2 47.6 17.8 329 | QY2-38 705.2 33.9 0 65.6




(&£
FZY FZY QY-2
AR Wi #h
Fedh W K| FLw | B WE KR mmihs b FE WE K| it
N E=) . N . N . = N
45 m TWI% W% | w5 /m T¥%  TW% T90%| 45 Mm% W%
1% 1%
FZY-34 25.7 414 9.1 44.7 FZY-13 150.8 48.1 16.3 314 QY2-39 708.7 22.5 3.0 72.8
FzY-33 27.0 18.2 39.9 40.3 FZY-12 152.8 52.8 10.1 34.1 QY2-42 7118 22.5 23.8 52.7
FZY-32 452 29.4 0.6 70.0 FZY-11 154.8 25.1 49.6 22.5 QY2-52  721.0 55.2 2.3 42.5
FZY-31 517 204 26 770 |FZY-10 163.6 46.4 28.9 212 | QY2-57 7270 433 8.6 43.6
FZY-30 61.5 28.8 0 71.2 FZY-09 164.5 49.8 19.1 27.6 QY2-62 7338 58.0 22.6 14.5
FZY-29 662 312 0 68.8 | FZY-08 168.8 61.6 2.6 347 | QY2-65 7395 486 0 422
FZY-28 69.5 244 0 754 | FZY-07 169.1 61.9 18.6 167 | QY2-68 7432 545 11.6 29.5
FZY-27 835 30.3 0.6 69.1 FZY-06 1723 40.8 28.7 27.2 QY2-71 7459 60.2 25.1 13.6
FZY-26 89.5  30.1 0 69.9 | FZY-05 174.8 47.6 157 353 | QY2-73 7504 1338 54.9 273
FZY-25 914 314 0.7 67.5 FZY-04 1774 42.1 28.3 274
FZY-24 934 307 0 693 |FZY-03 178.4 50.1 118 35.3
FZY-23 97.1 309 0.6 66.8 FZY-02 179.0 75.9 3.0 21.1
FZY-22 1014 284 0 70.6 | FZY-01 1853 66.1 0.0 33.9
FZY-21 1148 459 8.3 44.1
'Y ! ' '
=< = | |
o 2 | |
: ﬁ\ <| | |
660 | | | |
I ]
=5 | |
| |
680 | |
| | |
|
|
700H | |
| ]
il | |
720H [ |
|
|
| | |
740 | |
| | |
| I I |
s — | |
f
mog | | |
9 ? ? 9 4.0 8.0 3.0 6.5 : ? 4}0.92:0.96 0..10
Qy-2 w(TOC)/% Clay/% CIA Ni.. TilAl

=2 e =ze B nz Bl RR=
K3 QY-2 B TUE FE il 70 2R T B AL RRAIE
Fig. 3. Elemental vertical variation characteristics of black shale samples from well QY-2
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minerals in samples from the FZY profile
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