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The Maoping superlarge germanium-rich lead–zinc deposit is a typical nonmagmatic hydrothermal deposit that is structurally controlled in the Sichuan–Yunnan–Guizhou lead–zinc polymetallic metallogenic area. The orebodies are distributed in several formations. This paper is based on large-scale alteration mapping combined with porosity and permeability measurements. We delineated the mineralization–alteration zones of different ore-bearing formations, explored the geological significance of porosity and permeability, and proposed prospecting directions. The research results indicate that during the mineralization period, the ore-forming metal fluids migrated from the deep part of the SSW region to the shallow part of the NNE region along the ore-guiding structure (Maoping Fault). Through the ore distribution structure, depressurization boiling occurred in the open space of the NE-trending interlayered sinistral compressive–torsional faults in several ore-bearing formations, resulting in fluid precipitation and the formation of different brecciated hot-melt dolomite lead–zinc mineralization zones. From the orebody to the wallrock, the C2w Formation and D3zg Formation are divided into four different mineralization–alteration zones. Tectonic activity affects the properties, migration, and precipitation of fluids, thereby controlling the alteration characteristics generated during fluid migration and thus changing the porosity and permeability. The porosity and permeability of strata on the NW flank of the anticline are greater than those of strata on the SE flank. On the NW flank, the greater the degree of mineralization–alteration is, the greater the porosity and permeability are, and the porosity of the orebody is lower than that during dolomitization. Finally, we believe that the NW flank of the anticline is an important area for prospecting. The pyrite + striped altered dolomite zone (Zones II–III) in the C2w limestone and the pyrite + strong dolomite zone (Zones II–III) in the D3zg dolomite are important prospecting indicators.
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1 INTRODUCTION
In the next 2 decades, human consumption of base metals, such as lead, zinc and copper, will exceed the total production of these metals in human history (Ali et al., 2017; Hoggard et al., 2020). To date, nearly 300 germanium-rich lead–zinc (silver) deposits (occurrences) have been discovered in the Sichuan–Yunnan–Guizhou lead–zinc polymetallic metallogenic area in China. These lead–zinc deposits have produced more than 20 million tons of lead and zinc, and the deposits are exceptionally high grade and rich in associated germanium and silver (Han et al., 2022; 2023). This area is the largest lead–zinc industrial base and the world’s primary germanium production base (Han et al., 2022). With the long-term depletion of shallow mineral resources, there is a need for better targeted exploration to help improve research on deeply buried deposits and find deep mineral resources to maintain the supply of base metals for humankind.
Previous studies on mineralization–alteration zones have provided an important basis for the discovery of several deposits and orebodies in the Sichuan–Yunnan–Guizhou lead–zinc polymetallic metallogenic area (Wen et al., 2014; Chen et al., 2016; Zhao et al., 2016). The Maoping superlarge germanium-rich lead–zinc deposit is a typical deposit in the Sichuan–Yunnan–Guizhou lead–zinc polymetallic metallogenic area and is controlled by structure and favorable lithological associations (Han et al., 2019; Han et al., 2022; Wu et al., 2023), and orebodies occur in several ore-bearing formations (Han et al., 2022). Moreover, the mineralization–alteration characteristics and zoning patterns vary among different ore-bearing formations. This seriously restricts the prediction and positioning of deep hidden orebodies in different ore-bearing formations of this deposit and even this type of deposit.
In this study, a large-scale alteration mapping method is used to conduct detailed mapping and sampling on four ore blocks, nine planes, and several profiles of the Maoping lead–zinc deposit. The mineralization–alteration type, strength, mineral combination, structure, and other characteristics are analyzed, and the mineralization–alteration zones are identified. The porosity and permeability characteristics of 106 rocks (minerals) in different mineralization–alteration zones on the two flanks of the Maomaoshan anticline are analyzed. The geological significance of the porosity and permeability and proposed prospecting directions are explored. This study provides a theoretical basis for the deep exploration of other similar hydrothermal deposits.
2 GEOLOGICAL SETTING
The Maoping superlarge germanium-rich lead–zinc deposit is a typical superlarge CNHT lead–zinc deposit in the Sichuan–Yunnan–Guizhou lead–zinc polymetallic metallogenic area on the southwestern margin of the Yangtze block (Figure 1) (Yan et al., 2003; Qiu et al., 2016; Hu et al., 2017; Wu et al., 2020). The deposit is located at the intersection of the NE-trending Huize–Niujie oblique thrust–strike-slip fault–fold belt, the SN-trending Qujing–Zhaotong concealed fault zone, and the NW-trending Ziyun–Yadu deep fault zone (Figure 2) (Wang et al., 2004; Han et al., 2019). The deposit is mainly controlled by the NE-trending Maoping compressive–torsional fault (the names of these sequential transformation structural planes indicate that their mechanical properties are mainly composed of compressional structures and, secondarily, torsional structures) and the Maomaoshan anticline in its hanging wall (Figure 3). The main structures in the deposit area are NE-trending, NW-trending and N–S-trending structures, with the NE-trending interlayered sinistral compressive–torsional fault dominating (Figure 3). The deposit area is mainly composed of Devonian, Carboniferous, and Permian carbonate–clastic rock series, which are mostly in parallel unconformable or conformable contact. The orebodies mainly occur in the grayish-white–dark gray fine–medium crystalline dolomite of the upper Devonian Zaige Formation (D3zg), the light flesh-red or grayish-white massive fine crystalline dolomitic limestone of the lower Carboniferous Baizuo Formation (C1b), and the light gray–dark gray medium-to thick-layered dolomitic limestone of the upper Carboniferous Weining Formation (C2w) (Figures 3, 4). The magmatic rocks are mainly in the upper Permian Basalt Formation. The deposit is composed of the No. I, II, III and VI orebodies in the ore block to the east of the Luoze River and the Shuilu, Qiancengdong and Hongjianshan ore blocks to the west of the Luoze River (Figure 3). The orebodies are mainly lenticular, vein-like and stratiform-like. The main ore minerals are galena, sphalerite and pyrite, etc., and the gangue minerals are dolomite, calcite, minor quartz and barite, etc. The ore structures are compact, massive, disseminated, vein-like, veinlet-like, massive and stellate, and the ore textures are mainly granular and metasomatic. The main types of wallrock alteration include pyritization, ferritization, dolomitization, calcification and silicification.
[image: Figure 1]FIGURE 1 | A simplified geological map of the South China Block and adjacent regions showing the structural framework and the distribution of ore deposits in the Yangtze Block (modified from Yan et al., 2003; Qiu et al., 2016; Hu et al., 2017; Wu et al., 2020). 1—Proterozoic basement; 2—Fault/Main boundary fault; 3—Suture zone; 4—Triassic granitoids; 5—Gold deposit; 6—Realgar deposit; 7—Stibnite deposit; 8—Tin deposit; 9—Mercury deposit; 10—Lead–zinc deposit.
[image: Figure 2]FIGURE 2 | Distribution of the main thrust–fold belts and deposits in the Sichuan–Yunnan–Guizhou zinc–lead poly–metallic mineralization domain (SYGD) (Wang et al. 2004; Han et al. 2019). 1—The upper permian basalt Formation; 2—Main fault; 3—Provincial boundaries; 4—Provincial capital and city/county; 5—Large and medium–sized deposits; 6—Small deposits; ①–Lvzhijiang fault, ②–Xiaojiang fault, ③–Weining–Shuicheng fault, ④–Ziyun–Yadu fault.
[image: Figure 3]FIGURE 3 | Geological map, actual material plane projection map (A) and Stratigraphic histogram of the Maoping lead-zinc deposit (B) (Wu et al. 2024). Figure 3A: 1—Upper Permian Basalt Formation; 2—Middle Permian Qixia+Maokou Formation; 3—Middle Permian Liangshan Formation; 4—Upper Carboniferous Weining Formation; 5—The third section of the first layer of the Weining Formation in the Upper Carboniferous; 6—The second section of the first layer of the Weining Formation in the Middle Carboniferous; 7—The first section of the first layer of the Weining Formation in the Upper Carboniferous; 8—Lower Carboniferous Baizuo Formation; 9—The third layer of the Lower Carboniferous Datang Formation; 10—The second layer of the Lower Carboniferous Datang Formation; 11—The first layer of the Lower Carboniferous Datang Formation; 12—The third layer of the third member of the Upper Devonian Zaige Formation; 13—The second layer of the third section of the Upper Devonian Zaige Formation; 14—The first layer of the third section of the Upper Devonian Zaige Formation; 15—Integrated contact; 16—Parallel unconformity contact; 17—Fault; 18—Anticline axis; 19—The location of the cross sections; 20—Exploration lines and numbering. Figure 3B: 1—Dolomite; 2—Limestone; 3—Mudstone; 5—Sandstone; 5—Basalt; 6—Residual matter; 7—Stratum code; 8—Integrated contact; 9—False integration contact; 10—Angular unconformity contact.
[image: Figure 4]FIGURE 4 | Orebody longitudinal projection map of Maoping lead–zinc deposit. 1—Exploration line and number; 2—Mined out orebodies; 3—Known orebodies.
3 MATERIALS AND METHODS
In this study, a large-scale alteration mapping method was used to conduct detailed mapping and systematically determine the mineralization–alteration zoning characteristics within different ore-bearing strata of the deposit. On the basis of the systematic study of mineralization–alteration characteristics (Table 1), the porosity and permeability of representative rocks were analyzed. The rock samples for the porosity and permeability study were collected from the NW and SE flanks of the Maomaoshan anticline, and they were collected from the surface of the mining area and the mining tunnels to obtain a total of 106 pieces. Among them, 58 fresh samples were collected from different lithological formations on the surface. A total of 48 samples from the tunnel were collected from the 32–33+first line of 670 m of the H8 orebody in the Hexi Hongjianshan ore block, the 34+first line of 610 m of the H8 orebody in the Hexi Hongjianshan ore block, the 18th line of the 755 m of the Q1 orebody in the Hexi Qiancengdong ore block, the second line of the 670 m of the S1 orebody in the Hexi Shuilu ore block, the 116th line of the 760 m of the I-7 orebody in the Hedong ore block, the 98+first line of the 683 m of the I-6 orebody in the Hedong ore block, the 92nd line of the 670 m in the Hedong ore block, the 96–112nd line of the 610 m of the I-6 orebody in the Hedong ore block, the stope of the 490 m of the I-8 orebody in the Hedong ore block, the stope of the 430 m of the I-8 orebody in the Hedong ore block, the 90–96th lines of the 370 m of the I-8 orebody in the Hedong ore block, and the 98–104th lines of the 310 m of the I-8 orebody in the Hedong ore block. The samples were tested for porosity and permeability by using a QKY-2 gas porosity tester and a STY-2 gas permeability tester at the China University of Petroleum (Beijing). The former had a measurement accuracy of 0.5%, while the latter had a relative error of less than 5%. Nitrogen was used as the working medium in the experiment, and the test was repeated five times. The average value was taken as the result for porosity or permeability (Table 2).
TABLE 1 | Typical characteristics of the mineralization–alteration zones of different orebodies in the NW flank of the anticline.
[image: Table 1]TABLE 2 | Porosity and permeability results for different positions, different ore-bearing formations, and different alteration zones.
[image: Table 2]4 RESULTS
4.1 Characteristics and zones of mineralization–alteration
The mineralization of the Maoping lead–zinc deposit is mainly that of galena and sphalerite. The wallrock alteration type is relatively simple, and the intensity changes and zoning are obvious. These mainly include pyritization, (iron) dolomitization and calcification. The main alteration characteristics are as follows (Figures 5–7).
[image: Figure 5]FIGURE 5 | Typical mineralization–alteration zones geological profile of Maoping lead–zinc deposit. The expression of fault occurrence is: trend∠dip–direction. 1—Orebody; 2—Pyrite; 3—Calcite; 4—Sphalerite; 5—Galena; 6—Dolomite; 7—Formation; 8—Fault; 9—Alteration boundary; 10—Corrosion hole; 11—Wall-rock breccia; 12—Alteration zoning. (A)—the 32–33+1st line of 670 m of the H8 orebody in the Hexi Hongjianshan ore block; (B)—the 34+1st line of 610 m of the H8 orebody in the Hexi Hongjianshan ore block; (C)—the 18th line of the 755 m of the Q1 orebody in the Hexi Qiancengdong ore block; (D)—the 2nd line of the 670 m of the S1 orebody in the Hexi Shuilu ore block; (E)—the 116th line of the 760 m of the I-7 orebody in the Hedong ore block; (F)—the 98+1st line of the 683 m of the I-6 orebody in the Hedong ore block; (G)—the stope of the 430 m of the I-8 orebody in the Hedong ore block.
[image: Figure 6]FIGURE 6 | Geological profile of Maoping lead–zinc deposit mineralization–alteration zones field macroscopic characteristics. (A, B) is the same as Figure 4; I-IV represents various mineralization–alteration zones.
[image: Figure 7]FIGURE 7 | Typical mineralization–alteration samples of the Maoping lead–zinc deposit and their microscopic and Macroscopic characteristics. (A)—Massive lead–zinc ore in dolomite of D3zg formation, (B)—Massive lead–zinc ore in dolomite of C2w formation; (C)—Massive pyrite, (D)—vein calcite, (E)—Striped altered dolomite zone, (F)—Unaltered dolomite, (G)—Unaltered dolomitic limestone.
Pyritization: Pyritization is mainly distributed in the dolomite, calcite, joints and faults near the ore in massive structures, disseminated structures, masses, veins, and veinlets, and pyrite is also common in the orebodies. The intensity of pyritization is related to its distance from the orebody. The pyritization near the orebodies is strong, and the pyritization far from the orebodies gradually weakens. In addition, the pyritization is also related to elevation, and deep pyritization is obviously stronger than shallow pyritization.
Dolomitization: Due to the influence of hydrothermal activity, the original dolomite limestone or dolomite is recrystallized, resulting in a significant increase in porosity, which is beneficial for hydrothermal activity and mineralization, thus leading to the formation of altered dolomite. Dolomite is mainly found in striped structures, veins, masses, veinlets, and irregular structures; is mainly distributed on the sides of orebodies and the sides of interlayer faults; and has a semi-idiomorphic granular framework. The particle sizes are 0.2–1 mm, and the color is diverse—mainly white, gray–white, beige, and flesh red; in addition, corrosion holes and crystal cavities have developed. Dolomitization is more evident in the C2w dolomitic limestone, where it appears as a stripe; the D3zg dolomite mainly appears in a rice-grain-type form, with the presence of long-axis parallel interlayer faults.
Calcification: Calcification is present mainly in the forms of stockwork, veins, masses, and veinlets, and it is present mainly on the sides of interlayer faults and on the sides of orebodies in dolomitic limestone and dolomite.
Based on the composition, structure, framework, and strength of the altered rocks, combined with their spatial relationships with orebodies, the mineralization–alteration zones were delineated. From the orebodies to the wallrocks in the hanging wall, the mineralization–alteration zones of the C2w Formation exhibit the following order: massive lead–zinc ore zone (I) → lead–zinc ore vein + pyrite vein zone + striped altered dolomite (Zone II) → striped altered dolomite zone (Zone III) → gray thick-layered dolomitic limestone zone (Zone IV). The mineralization–alteration zones of the D3zg Formation exhibit the following order: massive lead–zinc ore + massive pyrite zone (Zone I) → lead–zinc ore vein + pyrite vein zone (Zone II) → spotted pyrite + dolomite vein zone (Zone III) → gray–white fine–medium crystalline dolomite zone (Zone IV). The detailed features and descriptions are shown in Figures 5–7; Table 1.
4.2 Porosity and permeability results for the two flanks of the anticline
For all the measured rock samples, the overall porosity and permeability changed greatly; the porosities ranged from 0.91% to 10.08%, and the permeabilities ranged from 0.003005251 – 17.68385095 × 10−3 μm2 (Table 2).
The porosity–permeability scatter plot shows a positive correlation between the two flanks, and the slope (R) is 0.28827 ± 0.06658 (Figure 8).
[image: Figure 8]FIGURE 8 | Distribution and correlation maps of porosity and permeability on the two flanks of the anticline.
The porosity of 1%–10.08% in the NW flank was greater than that of 0.91%–6.39% in the SE flank. The median value of the NW flank (2.74%) was greater than that of the SE flank (2.59%) (Figure 8).
The permeability of 0.003005251 – 17.68385095 × 10−3 μm2 in the NW flank was greater than that of 0.003311688 – 0.723114436 × 10−3 μm2 in the SE flank. In addition, the median value of the NW flank (0.01938 × 10−3 μm2) was greater than that of the SE flank (0.0061 × 10−3 μm2) (Figure 8).
4.3 Porosity and permeability results for the NW flank of the anticline
The porosities and permeabilities of rocks with different degrees of mineralization–alteration in the two main ore-bearing formations (C2w and D3zg) on the NW flank of the anticline were analyzed (Figure 9).
[image: Figure 9]FIGURE 9 | Porosity and permeability characteristics of different types and intensities with mineralization–alteration in NW flank of the anticline.
The porosity results show that in the C2w Formation, the percentage of unaltered rock (1.19%–2.62%; median value: 1.87%) is the lowest, followed by the orebody (1.78%–2.90%; median value: 2.51%), and the highest percentage of dolomitized rock (2.93%–5.19%; median value: 3.87%). The porosity results show that in the D3zg Formation, the percentage of unaltered rock (1.09%–2.39%; median value: 1.83%) is the lowest, followed by dolomitized rock (3.12%–5.90%; median value: 4.31%), and the highest percentage of orebody rock (2.87%–10.08%; median value: 5.26%).
The permeability results show that for both the C2w and D3zg Formations, the permeability also decreases with decreasing erosion. In the C2w Formation, the median values of strong alteration, moderate alteration, weak alteration, and no alteration are 3.608, 0.219, 0.036 and 0.006, respectively; in the D3zg Formation, the median values of strong alteration, moderate alteration, weak alteration, and no alteration are 4.288, 0.259, 0.017 and 0.005, respectively.
5 DISCUSSION
5.1 The geological significance of porosity and permeability
The fault in this study is a complex four-dimensional tectonic unit composed of a fault surface and tectonite, and its tectonic deformation and fluid flow characteristics evolve over time Wibberley and Shipton. (2010). Tectonics are not only the dominant factor controlling the coupling relationship between geological bodies but also the main driving force for fluid migration; various tectonic features, such as faults, fractures, and breccia zones, provide channels for fluid migration in the subsurface (Zhai, 1996). These features can also enhance permeability, hydraulic conductivity, and hydrothermal flow, thereby increasing the mineralization potential of favorable sedimentary locations (Henderson and McCaig, 1996; Cox et al., 2001; Bauer et al., 2022). The degree of rock fragmentation, permeability, local porosity and fluid flux are different in different parts where tectonic deformation occurs (such as bends and branches of fracture zones), which leads to different mineralization types and mineralization intensities (Soden et al., 2014; Zhang, 2017).
Fluids can control the deformation process of rocks and even alter the deformation mechanism of rocks through physical changes or chemical reactions, such as hydrolysis weakening and reducing the friction coefficient between mineral particles Wintsch et al. (1995). The dissolution and precipitation of minerals during water‒rock reactions can cause changes in fluid composition and affect rock properties (Wawrzyniec, 1999). The properties of the fluid are the main factors controlling microprocesses, such as the generation of cementitious materials, pore characteristics, and mineral precipitation in the host rock (Wu et al., 2015). Carbonate minerals not only metasomatically fill pores but also dolomitize and recrystallize in limestone and dolomite (Corbella et al., 2004), forming medium–coarse-grained altered dolomite, allomorphic granular mineral particles at the microscale, and calcite veins, dolomite veins, and pyrite veins, thus increasing the porosity and permeability.
Tectonic action affects the properties, migration, and precipitation of fluids, thereby controlling the alteration characteristics generated during fluid migration and changing the porosity and permeability. Different types and degrees of alteration have different porosities and permeabilities (Figures 8, 9).
Research has shown that, overall, the NW flank of the Maomaoshan anticline has greater porosities and permeabilities than the SE flank (Figure 8). The strata in the NW flank of the Maomaoshan anticline are steeply inclined and inverted (with dip angles of 55°–85°), while those in the SE flank are gently inclined (with dip angles of 20°–35°). The orebody in this deposit is controlled by interlayer faults. Under the action of tectonic forces, when the local principal compressive stress directions on both flanks are consistent, the strata in the NW flank have a large dip angle, and the compressive surface of the NW flank exhibits mainly compressive stress, as well as shear resistance. The strata in the SE flank have a small dip angle, and the compressive surface of the SE flank exhibits mainly shear resistance, followed by tensile resistance. When relative sliding occurs in interlayer faults, they are affected not only by the principal compressive stress but also by the gravity of the rock or the block itself. Both the NW flank and SE flank interlayer faults are known to have experienced relative motion. For the same rock formation, the compressive strength is generally greater than the shear strength, making it more prone to shear deformation. Therefore, the SE flank can achieve only the minimum force required for shear resistance before relative sliding occurs, resulting in compressional–torsional faulting and stress release. The NW flank achieves not only the minimum force required for shear resistance but also the minimum force required for rock compression resistance. Not only does relative sliding occur, but it also causes damage to the rock, forming an open space. This is more conducive to fluid “penetration”.
Therefore, the NW flank of the anticline is more conducive to mineralization.
5.2 Metallogenic patterns and prospecting directions
During the mineralization period, the ore-forming fluid migrated upward along the main ore-guiding structure (NE-trending Maoping sinistral compressive–torsional fault) and generally migrated from deep in the SSW region to shallow in the NNE region. Through the ore distribution structure (SN-trending Luozehe sinistral torsional fault, NE-trending Maomaoshan compound overturned anticline, NNW-trending sinistral torsional–extensional fault, and NE-trending subsequent compressional–torsional fault), the fluid reached the NE-trending interlayered sinistral compressive–torsional faults (Figure 10) (Wu et al., 2023), and hydrothermal “penetration” metasomatism occurred.
[image: Figure 10]FIGURE 10 | Ore-control model and mineralization–alteration zones pattern of Maoping lead–zinc deposit (According to Wu et al., 2023; Han et al. 2024). 1—Integrated contact; 2—Parallel unconformity contact; 3—Compressive fault; 4—Tensile fault; 5—Torsional fault; 6—Inferred fault; 7—Anticline; 8—Coal-bearing; 9—Formation code; 10—Known orebodies; 11—Predicting orebody; 12—Denuded orebody; 13—Dolomitization and its cemented limestone breccia; 14—Ore-forming metals fluids; 15—Reducing fluids; 16—Argillaceous and sandy clastic rock; 17—zone I; 18—zone II; 19—zone III; 20—zone IV.
Due to the effect of the overlying clastic rock barrier, when deep-source fluids rich in Pb2+, Zn2+, and Ge2+ and other cations and basin fluids rich in reduced sulfur entered the expansion space, boiling decompression occurred in the overlying host carbonate bed under the barrier layer, and the pH increased, resulting in mineral precipitation. The medium–coarse-grained altered dolomite that formed in the early stage of fluid interaction was conducive to further water–rock interactions between the fluid and the surrounding rock, leading to the precipitation of lead and zinc minerals (acid generation) and the mutual promotion of wallrock alteration (acid consumption) (Zhang et al., 2016; Ali et al., 2017; Korges et al., 2018; Zhang et al., 2019), thus forming a zone of brecciated hot-solution dolomite lead–zinc mineralization (Figure 10).
The striped altered dolomite zone (Zones II–III) in the C2w limestone and the pyritization + strong dolomitization zone (Zones II–III) in the D3zg dolomite are important prospecting indicators.
6 CONCLUSION
From the orebodies to the wallrocks in the hanging wall, the mineralization–alteration zones of the C2w Formation range from the massive lead–zinc ore zone (I) → lead–zinc ore veinlet + pyrite vein zone (Zone II) → spotted pyrite + striped altered dolomite zone (Zone III) → calcite veinlet + gray thick-layered dolomitic limestone zone (Zone IV). The mineralization–alteration zones of the D3zg Formation range from the massive lead–zinc ore + massive pyrite zone (Zone I) → lead–zinc ore vein + pyrite vein zone (Zone II) → spotted pyrite + calcite stockwork/vein zone (Zone III) → calcite veinlet + masses of dolomite + gray–white cataclastic medium–coarse dolomite zone (Zone IV).
The porosity and permeability of the NW flank of the anticline are greater than those of the SE flank. On the NW flank, the greater the degree of mineralization–alteration is, the greater the porosity and permeability are, and the porosity of the orebody is lower than that during dolomitization. Tectonic activity affects the properties, migration, and precipitation of fluids, thereby controlling the alteration characteristics generated during fluid migration and changing the porosity and permeability.
During the mineralization period, the ore-forming metal fluids migrated from the deep part of the SSW region to the shallow part of the NNE region along the ore-guiding structure (Maoping Fault). Through the ore distribution structure, depressurization boiling occurred in the open space of the NE-trending interlayer sinistral compressive–torsional faults in several ore-bearing formations, resulting in fluid precipitation and the formation of different lead–zinc mineralization zones in brecciated hot-melt dolomite.
The NW flank of the Maomaoshan anticline is an important prospecting area. The pyrite + striped altered dolomite zone (Zones II–III) in the C2w limestone and the pyrite + strong dolomite zone (Zones II–III) in the D3zg dolomite are important prospecting indicators.
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