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Fig. 1 Structural location (a) and sedimentary location during early Carboniferous (b) in the study area
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Fig. 2 Comprehensive histogram of carbonate contents and sedimentary facies in Member 1

of the Luzhai Formation of Guirongye Well 1 (Part of the data is based on Qin Yinglun, etc.
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Fig.3 Whole rock mineral composition of shale in Member 1 of the Luzhai Formation of Guirongye Well 1
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Fig. 4 Petrological macroscopic characteristics of carbonate minerals in Member 1 of Luzhai Formation
in the depression of central Guangxiormation in Guizhong Depression
A.Dark gray calcareous shale with micrite stripes and lenses, Rongshuidaliang profile = B.Dark gray calcareous mudstone with micite, 1,602.3-1,606.4 m,
Guirongye Well 1  C.Gray-black calcareous mudstone, 1,544 m, Guirongye Well 1 ~ D.Horizontally laminated micrite alternating with calcareous mudstone,
1,414.32 m, Guirongye Well 1  E.Cross-stratified calcareous silty mudstone, 1,539.66 m, Guirongye Well 1 ~ F.Carbonaceous mudstone containing "floating"
bioclastics, 1,603.66 m, Guirongye Well 1  G.Calcareous mudstone with lens-shaped and vein-shaped calcite, 1,412.1 m, Guirongye Well 1  H.Calcareous
mudstone with horizontally vein-shaped calcite, 1,534.4 m, Guirongye Well 1  I.Dark gray calcareous mudstone with developed net fractures, completely filled

with calcite, 1,416.9 m, Guirongye Well 1  J.Calcite veins are constructed in vertical plane of calcareous mudstone, Rongshuidaliang profile
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Fig. 5 Microscopic characteristics and cathodoluminescence of carbonate minerals from the Luzhai Formation in Guirongye Well 1

A. Calcareous mudstone with large quantities of micrite carbonate minerals are distributed in it B. Cathodoluminescence is non-luminous, at 1,544 m C. a
photomicrograph of horizontally laminated muddy limestone of Fig.4D, with dark calcareous mudstone and light micrite calcite showing stripped interlayer D.
Cathodoluminescence is non-luminous, at 1,414.32 m  E.The microscopic feature of the cross-stratified silty mudstone of Fig.4E; the lower left part shows silty
mudstone lamination mixing with quartz, clay, and calcite, and the upper right part mainly consists of clay and calcite, showing calcareous mudstone lamination;
part of the calcite emit weak and red cathodoluminescence but part of the calcite are non-luminous  F. Luminescent carbonate minerals are calcareous cements and
some calcareous bioclastics, at 1,539.66 m  G.The microscopic feature of bioclastic carbonaceous mudstone from Fig.4F with the contents of bioclastics reaching
20%; the mudstone includes corals, sea lilies, calcareous sponges and a small amount of quartz; the bioclastics emits weak red luminescence under
cathodoluminescence H.At 1,603.66 m I.The microscopic feature of lens-shaped calcite calcareous mudstone of Fig.4G; the veins are in the two yellow lines
and the calcite shows fine crystal structure;the vein calcite emits weak red cathodoluminescence  J.At 1,412.1 m K.The microscopic feature of the net fractures
from Fig.41; completely filled with calcite; The left fracture emits weak luminescence while the right fracture is basically non-luminous under cathodoluminescence

L.At1,416.9 m
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Fig. 6 Characteristics of carbon and oxygen isotopes of different
types of carbonate minerals in the shale of Luzhai formation in the

depression of central Guangxi
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Table 1 Development characteristics and genesis of carbonate minerals of the Luzhai Formation in the depression of central Guangxi
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Fig. 7 Genetic mechanism of in-situ and allochthonous micrite carbonate minerals in Luzhai Formation,
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Fig. 8 Genetic mechanism of vein-shaped carbonate minerals of Luzhai Formation in the depression of central Guangxi

=> <=

a.Carbonate minerals mixed with clay deposits b.Diagenetic fractures are formed by differential compaction in burial period c¢.The diagenetic fracture is filled

by the formation fluid and grows horizontal calcite;the formation fluid is supersaturated with carbonate  d.Under the influence of structure, the vertical calcite

veins developed
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Development characteristics and genetic mechanism of carbonate minerals
in shale member of the lower Carboniferous Luzhai formation
in the depression of central Guangxi

DAN Yong'?, DENG Min'"?, ZHANG Qingyu’, YAN Jianfei'’, NIE Guoquan’, DONG Honggqi’,
JI Shaocong’, XIONG Guoqing'’, LU Bingxiong®, MA Xiaolin’
(1. Chengdu Center,China Geological Survey (Geosciences Innovation Center of Southwest China), Chengdu, Sichuan 610081, China; 2. Key Laboratory
of Sedimentary Basin and Oil and Gas Resources, Ministry of Natural Resources, Chengdu, Sichuan 610081, China; 3. Institute of Karst Geology, CAGS,
Guilin, Guangxi 541004, China; 4. School of Geography and Planning, Nanning Normal University, Nanning, Guangxi 530001, China;
5. No.4 Geological Team of Guangxi Zhuang Autonomous Region, Nanning, Guangxi 530033, China )

Abstract The Carboniferous was significant for the development of "black strata" in the world. The exploration and
development of shale gas in North America first began with the Carboniferous marine shale, and the Carboniferous
(Mississippian) Barnett Shale has become one of the most important strata of shale gas production in the world. The
distribution of Carboniferous marine shale in China is relatively limited, primarily developed in the Qian—Gui rift basin
at the edge of the Yangtze plate. It is roughly distributed in depressions such as central Guangxi—Nanpanjiang in
Guangxi, south Guizhou-southwest Guizhou, and central Hunan. In recent years, drilling activities in the
Carboniferous depressions, such as Guirongye Well 1 and Qianziye Well 1 have yielded promising shale gas displays.
In 2023, Guirongye Well 2 achieved industrial gas flow from the Carboniferous after the compression fracture was
completed, indicating favorable exploration prospects. The Carboniferous strata in the Guizhou—Guangxi region are
anticipated to become the next significant exploration target in China, following the shale gas of Wufeng—Longmaxi
formation. However, drilling in this area revealed a rapid phase transition in the early Carboniferous, unstable
distribution of shale, high levels of carbonate minerals within the shale, and the presence of common carbonate rock
interlayers. On-site experiments on water invasion and gas logging suggest that shale gas production is influenced by
carbonate minerals in the shale. The origins of these carbonate minerals in the shale of this region and their impact on
gas production remain unclear.

To this end, the Luzhai formation shale of the early Carboniferous in the depression of central Guangxi was
selected to analyze the origin of carbonate minerals within the shale. This study aims to provide theoretical reference
for predicting distribution of various types of carbonate minerals in the subsequent shale formation, as well as for gas

content analysis and the optimization of the lower Carboniferous shale gas "sweet spot" in the depression of central
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Guangxi. The study area is situated in the Liucheng slope in the northern depression of central Guangxi. Field profiles
and core samples from Rongye Well 1 were utilized as the research objects. Following the identification of carbonate
mineral types, geochemical analyses of cathodoluminescence and carbon and oxygen isotopes were conducted. This
was achieved through a comprehensive approach including X-ray whole-rock diffraction, thin section identification,
and other analytical tests.

Research findings indicate as follows, (1) The study found that the carbonate minerals in the Luzhai formation
shale are primarily composed of calcite, with a content ranging from 5% to 80%, averaging at 30.33%. Additionally,
there is a small amount of dolomite, varing from 0% to 9%, with an average of 2.1%. Carbonate minerals are mainly
developed in carbonaceous shale, calcareous mudstone, silty calcareous mudstone, bioclastic carbonaceous mudstone,
mud-microcrystalline limestone, and muddy limestone. They are also present in calcite veins distributed along the
layers and in structural calcite veins that traverse the layers. (2) Cathodoluminescence analysis shows that massive
calcareous mudstone and horizontally laminated micrite carbonate minerals are generally non-luminescent. Some
carbonate minerals in silty calcareous mudstone emit weak red light, while others do not. The luminescent carbonate
minerals include calcareous cements and certain calcareous bioclastics. The "floating" carbonate bioclastics found in
carbonaceous shale typically emit weak red light. Lens-shaped and vein-shaped calcite exhibits weak cathode
luminescence. (3) Analyses of carbon and oxygen isotopes show that the 8" °C values of native carbonate minerals
range from 2.70%o to 5.81%o, with an average of 4.68%o. The 5"°0%o values range from —8.89%o to —5.97%o, with an
average of —7.54%o. For allochthonous carbonate minerals, the 3" °C values range from 2.62 %o to 4.39 %o, with an
average of 3.30%o, and the §'"°0%o values range from —8.89%o to —7.67 %o, with an average of —8.04%o. The 8"C %o
values of diagenetic vein-shaped carbonate minerals range from —1.18%o to 5.73 %o, with an average of 2.78 %o, while
the 8"°0%o values range from —12.76%o to —5.75%o, with an average of —9.77%o.

Comprehensive exploration shows that the formation of carbonate minerals primarily results from normal
sedimentation in seawater, followed by long-distance transport in seawater after being fragmented by waves and storm
currents, and recrystallization during diagenesis. The formation of horizontal vein-shaped calcite may be attributed to
supersaturated precipitation within differential compaction and contraction fractures filled by formation fluids during
burial, while the vertical vein-shaped calcite is associated with multiple tectonic activities. Based on these findings,
various models of carbonate mineral genesis have been established, providing theoretical reference for the optimal

selection of sweet spots for shale gas in the lower Carboniferous depression of central Guangxi.

Key words shale gas, carbonate mineral, formation mechanism, Luzhai formation of the lower Carboniferous,

depression of central Guangxi
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