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Abstract: Western Guangdong, situated in the southern segment of the Qin-Hang metal- 12 

logenic belt (South China), hosts significant gold deposits associated with deep fault in- 13 

tersections and intense magmatic, metamorphic and tectonic activities, making it highly 14 

prospective for mineral exploration. Previous studies focused on metallogenic geochem- 15 

istry and granite structures, but systematic research on structural controls and tectonic 16 

evolution governing gold emplacement remains limited. This work analyzes Paleozoic- 17 

Mesozoic outcrops through structural mapping, geometric-kinematic analysis of defor- 18 

mation styles, and orientation statistics to reconstruct polyphase tectonic evolution. Four 19 

major events are identified: (a) Early Paleozoic NW-SE compression (dip directions of 20 

258°-350° & 90°-190°), (b) Triassic NE-SW compression (dip directions of 133°-266° & 4°- 21 

66°), (c) Jurassic NW-SE compression (dip directions of 123°-174° & 295°-325°), and (d) 22 

Cretaceous NW-SE extension (dip directions of 90°-160° & 280°-331°). The four major tec- 23 

tonic events provide a robust framework for predicting favorable gold exploration targets 24 

in the region, and underscores the critical importance of understanding regional tectonic 25 

evolution in metallogenic studies. 26 

Keywords: metallogenic structures; Qin-Hang metallogenic belt; tectonic evolution; west- 27 

ern Guangdong; deep ore prospecting; gold deposits. 28 

 29 

1. Introduction 30 

The western Guangdong region, located in the southern section of the Qin-Hang 31 

metallogenic belt (Fig. 1), represents a key gold mineralization zone in South China, with 32 

significant prospecting potential. Since the 1990s, numerous studies have examined vari- 33 

ous aspects of gold mineralization in this region, including the timing of granitic activities 34 

and mineralization, geological characteristics of mineralization, ore-forming fluid proper- 35 

ties, metal sources, mineralization processes, and ore genesis [1-4]. However, the research 36 

in the western Guangdong region remains relatively underdeveloped, and a deeper un- 37 

derstanding of the mineralization conditions, controlling factors, and the roles of ductile 38 

versus brittle deformation is still needed. In particular, the relationship between the my- 39 

lonite belt, metamorphic rock series, and their associated structures with gold mineraliza- 40 

tion has yet to be clearly and systematically understood. Prospecting efforts have predom- 41 

inantly concentrated on areas surrounding previously identified mines, with insufficient 42 
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depth achieved in exploration. Moreover, systematic research on the regional structural 43 

controls of mineralization and orebody patterns has not been conducted. As a result, the 44 

limited existing studies have not succeeded in developing or establishing applicable pro- 45 

specting models for this region. This study aims to: (1) systematically analyze the strata 46 

structural architecture of the western Guangdong region; (2) establish the sequence of de- 47 

formation events and associated stress fields; (3) determine the relationship between 48 

structural evolution and gold mineralization; and (4) provide a structural framework for 49 

guiding future exploration in the region. 50 

 51 

Figure 1. Map showing the major metallogenic belts in South China and the location of the study 52 

area (i.e., western Guangdong region).  53 

2. Geological Features of the Western Guangdong Region  54 

The South China Block was formed by collision between the Yangtze Block and 55 

Cathaysia Block in the Neoproterozoic and subsequently experienced four important 56 

Phanerozoic tectonic events: the Wuyi-Yunkai Movement (Early Paleozoic), the Emeishan 57 

flood basalt magmatism (Late Paleozoic), the Indosinian Movement (Triassic), and the 58 

Yanshanian Movement (Jurassic-Cretaceous). 59 

The gold mining area in western Guangdong is part of the Huaiji Block within the 60 

Huaxia landmass’ geological framework, situated at the boundary between the northeast- 61 

ern part of the Yunkai uplift and the western margin of the central Guangdong depression 62 

(Fig. 2). The area is characterized by a complex sedimentary history and intense magmatic, 63 

metamorphic, and tectonic activities [5,6]. These favorable geological conditions for min- 64 

eralization make it a significant and highly prospective metallogenic belt for precious met- 65 

als in South China. More specifically, the western Guangdong region has undergone mul- 66 

tiple tectonic events, including those in the Early Paleozoic, Triassic, and Jurassic-Creta- 67 

ceous. 68 
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Faults in the study area are primarily normal and reverse in type, with dominant 69 

strikes in the northeast, north-northeast, and nearly north-south directions, while east- 70 

west orientations are relatively rare. Notably, northeast-trending faults have evolved into 71 

major deep-seated fault zones, such as the Guangning- Luoding fault (Fig. 2). 72 

 73 

Figure 2. (a) Regional map showing the major tectonic units; (b) Detailed map illustrating the main 74 

structural elements in the western Guangdong region. 75 

The area features well-exposed stratigraphic sequences ranging from the Neoprote- 76 

rozoic to the Cenozoic. The Neoproterozoic and Early Paleozoic strata consist of shallow 77 

to semi-deep marine flysch type clastic sediments. Influenced by Early Paleozoic tectonic 78 

movements, these rocks underwent regional low-grade metamorphism and significant 79 

deformation, while still preserving sedimentary characteristics, such as original stratifica- 80 

tion and sedimentary fabric. The Upper Paleozoic strata comprised limited platform to 81 

open platform facies and delta-front to coastal carbonate rock sediments. The Upper Tri- 82 

assic to Lower Jurassic sequences are marked by interactions between lacustrine and ter- 83 

restrial environments, resulting in lacustrine clastic rocks deposition. In contrast, the 84 

Lower Cretaceous is characterized by foothill river facies (Fig. 3). The main lithologies in 85 

the region include gray-green, gray-black medium-thick layered medium-fine grained 86 

feldspar quartz sandstone, lithic quartz sandstone, feldspar quartz greywacke, interca- 87 

lated with sandy siltstone, siltstone, sericite phyllite, and carbonaceous phyllite. 88 

The region also develops significant magmatic activity, predominantly during the 89 

Early Paleozoic and Jurassic-Cretaceous periods [7,8]. This magmatism is mainly intrusive 90 

in nature, dominanted by granitic rocks, with limited occurrences of volcanic rocks. The 91 

intrusive bodies primarily formed during the Ordovician, Permian, Triassic, and Jurassic 92 



 4 of 18 
 

 

periods, with the Jurassic period being the most dominant. The main rock type is biotite 93 

adamellite, followed by hornblende biotite adamellite and minor biotite syenogranite. Ad- 94 

ditionally, small volumes of quartz porphyry, granite pegmatite, fine-grained rocks, dio- 95 

rite porphyry, and porphyrite are present, typically occurring as small plutons, veins, or 96 

dikes. 97 

 98 

Figure 3. Regional geological and mineral resources map of western Guangdong gold mining 99 

area. 100 

Mineralization in the western Guangdong region is widespread. Previous studies 101 

suggest that the Precambrian continental crust served as the primary source of mineral- 102 

forming components for the hydrothermal systems responsible for the gold deposits 103 

[9,10]. The Yunkai area and its northwestern margin host gold, silver, copper, lead, zinc, 104 

and other metals, primarily associated with metamorphic rock formations of Sinian and 105 

Early Cambrian ages [11,12]. Studies have shown that the Early Paleozoic Epoch was a 106 

key metallogenic period for gold deposits in the region [13]. Additionally, copper, lead, 107 

and zinc deposits are found in shallow marine carbonate rocks of the Upper Paleozoic 108 

period. High-temperature hydrothermal mineralization is obvious [14], and magmatic 109 
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activity is closely related to the formation of ore minerals (such as iron, copper, lead, and 110 

zinc) and precious metals (like gold and silver) [8]. Most mineral deposits are located in 111 

the granite contact zones and are primarily associated with Jurassic- Cretaceous magma- 112 

tism. Multi-phase magmatic events, particularly those during the Cretaceous Epoch, are 113 

closely linked to gold mineralization [15]. Quartz veins are widespread throughout the 114 

strata; however, their abundance varies significantly across the region [16]. 115 

3. Research Methods and Data Processing Procedures 116 

This study primarily employed field mapping and structural analysis. Field meas- 117 

urements and recordings of the structural features were conducted for Paleozoic-Meso- 118 

zoic strata in the region, and the data were processed using Orient software for statistical 119 

analysis and mapping. Systematic identification and geometric and kinematic analyses 120 

were then performed, using the mapped structural occurrences across different geological 121 

periods. These analyses allow us to unravel the superposition of different tectonic stages. 122 

Finally, the structural stress fields for each stage were restored using classical inversion 123 

methods. 124 

4. Structural Analysis and Tectonic Deformation Stages 125 

Based on geological background and previous studies on the tectonic evolution rec- 126 

orded by granites in the western Guangdong region [17], we have conducted field map- 127 

ping and structural analysis for the Paleozoic-Mesozoic strata. Structural analysis reveals 128 

that the western Guangdong region has undergone four major tectonic events: 1. Early 129 

Paleozoic NW-SE compression; 2. Triassic NE-SW compression; 3. Jurassic NW-SE com- 130 

pression; and 4. Cretaceous NW-SE extension (see supplementary figure 1). 131 

4.1. Early Paleozoic NW-SE compression 132 

The results indicate that the earliest NW-SE compression in the study area occurred 133 

during the Early Paleozoic Epoch and was characterized by intense tectonic activity. This 134 

deformation episode was dominated by extensive development of folds, with NE-SW 135 

trending fault systems being the primary structural elements and folding playing a sub- 136 

ordinate role. The NE-trending faults constitute the main structural framework of the 137 

study area, which includes ductile and brittle faults. They have different degrees of con- 138 

trol or destruction over regional geological processes, including sedimentation, magma- 139 

tism, metamorphism, and mineralization in the region. Cataclastic rocks and structural 140 

lenses are developed along the NE-trending brittle fault zones, accompanied by localized 141 

silicification that suggests syn-deformational fluid circulation. The NE-trending brittle 142 

faults are generally reverse faults, consistent with the compressional stress regime. Alt- 143 

hough ductile faults in this area exhibit a primary NE-trending, they are strongly distorted, 144 

with their orientations and dip directions modified by subsequent episodes of ductile 145 

shear deformation. At a macroscopic scale, the NW-SE compression led to the formation 146 

of a large NE-SW trending anticline (Fig. 2, anticline II), which forms a significant compo- 147 

nent of the regional structural framework. 148 

Field observations reveal that derived structures from the NE-SW trending large an- 149 

ticlines include a series of compressional cleavages, shear joints, and early nearly NE- 150 

trending quartz veins that filled tensile spaces between foliation planes or shear planes. 151 

Compressional cleavages are well developed along both flanks of the NE-SW trending 152 

folds, indicating intense horizontal compressional tectonic forces (Fig. 4). The systematic 153 

variation in cleavage orientation across the anticline provides robust evidence for the 154 

stress field orientation: dip directions of early compressional cleavages in the western and 155 

northwestern limbs of the anticline range from 270 ° -350 °, with dip angles between 40 ° 156 



 6 of 18 
 

 

-80 °. In contrast, the dip directions in the southeastern limb range from 90 ° -190 °. This 157 

geometric arrangement demonstrates that the western Guangdong region experienced 158 

significant NW-SE compression during the Early Paleozoic Epoch. 159 

 160 

Figure 4. (a) Analysis of the plane and sectional mechanics properties of the compressional cleav- 161 

ages of the northwest limb of the anticline; (b and c) Penetrative compressional cleavages in Cam- 162 

brian strata on the northwest flank of the anticline; (d) Analysis of the plane and sectional mechanics 163 

properties of the compressional cleavages of the northwest limb of the anticline; (f and g) Strong 164 

compressional cleavages in Cambrian strata on the southeastern flank of the anticline; (e and h) 165 

Analysis of plane and sectional mechanics properties of the compressional cleavages of the south- 166 

east wing of the anticline; (i) Projection map and rose diagram illustrating the dip directions and 167 

trends of NW-SE trending compressional cleavages during the Early Paleozoic period. 168 

Using the measured data from the study area, the classical inversion method and the 169 

foliation rose diagram analysis (Fig. 4) were applied to reconstruct the paleotectonic stress 170 

field of this period. The results indicate that during the Early Paleozoic NW-SE compres- 171 

sion deformation stage, the maximum principal stress (σ1) was oriented approximately 172 

NW-SE; while the minimum principal stress (σ3) was oriented NE-SW. This stress config- 173 

uration is consistent with regional tectonic models for the South China Block during the 174 

Early Paleozoic. 175 

Multiple generations of quartz veins provide additional constraints on the defor- 176 

mation history. In the Cambrian metamorphic sandstone layers with compressional cleav- 177 

ages dipping NW and SE, quartz veins are observed along bedding planes and foliations. 178 
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These quartz veins occur in multiple sets, are often thin and occasionally form clusters 179 

(Fig. 5a, b, c). Their trending directions range from 200 ° -340 °, further indicating the in- 180 

fluence of Early Paleozoic NW-SE compression since their development along NE-SW- 181 

trending cleavage formed by NW-SE compression during the Early Paleozoic. Signifi- 182 

cantly, these veins show no evidence of overprinting by later tectonic events with different 183 

stress orientations (Fig. 6b, c), suggesting they represent primary structures related to the 184 

Early Paleozoic compression. 185 

 186 

Figure 5. (a, b, and c) Quartz veins in the Cambrian strata on the southeastern flank of the anticline; 187 

(d) Projection map and rose diagram showing the occurrence of Early Paleozoic quartz veins in the 188 

research area (dip direction). 189 

Joint analysis supports the interpreted stress field, with multiple sets observed in the 190 

field outcrops. In the southwest wing, joints display dip directions ranging from 193° to 191 

266 ° and dip angles between 28° and 70°. In the northeast wing, joints exhibit dip direc- 192 

tions from 36° to 66° and dip angles between 86° and 88° (Fig. 6). These joint orientations 193 

are consistent with formation under NW - SE compression during the Early Paleozoic 194 

Epoch (Fig. 6g). 195 
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 196 

Figure 6. (a) Joints observed on the southwest flank of the anticline; (b and c) Analysis of plane and 197 

sectional mechanical properties of joints on the southwest flank of the anticline; (d) Joints observed 198 

on the northeast flank of the anticline; (e and f) Analysis of plane and sectional mechanical proper- 199 

ties of joints on the northeast flank of the anticline; (g) Projection Map and rose diagram depicting 200 

joint occurrences during the Early Paleozoic Epoch in the research area (dip direction). 201 

4.2. Triassic NE-SW compression 202 

The Triassic period witnessed a fundamental change in the regional stress field, with 203 

the development of NE-SW compression that resulted in the formation of a large NW-SE 204 

trending anticline in the study area. The two limbs of this anticline are mainly composed 205 

of the Cambrian Niujiaohe Formation and the Cambrian Gaotan Formation. This structure 206 

is superimposed on the earlier northeast-trending anticline formed during the Early 207 

Paleozoic, forming a complex dome structure (see supplementary Figure 1a). The derived 208 

structures of large NW-SE trending anticlines observed in field outcrops mainly include 209 

compressional cleavages, shear joints, and nearly NW-trending quartz veins that fill ten- 210 

sile spaces between foliation and shear planes. 211 

The NW-SE trending anticline shows well-developed compressional cleavages on 212 

both limbs, indicating strong NE-SW compressional forces in the horizontal direction. In 213 

the Cambrian strata on the western and southwestern limbs of the anticline, the dip direc- 214 

tions of these structures range from 133° to 261°, while on the southeastern limb, the dip 215 

directions of compressional cleavages vary from 4° to 47° (Fig. 7). 216 
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 217 

Figure 7. (a and b) Compressional cleavages in the Cambrian strata on the northeast flank of the 218 

anticline; (c) The cleavages in the Cambrian strata on the northeast flank of the anticline; (d and e) 219 

Analysis of plane and sectional mechanical properties of compressional cleavages in the Cambrian 220 

strata on the northeast flank of the anticline. 221 

Localized structural displacement is marked by NE- and SW-dipping compressional 222 

cleavages intersecting or transforming the NW and SE-dipping compressional cleavages 223 

from the early Paleozoic, resulting in fracturing or the development of traction structures 224 

(Fig. 8a). In the Cambrian Niujiaohe Formation on the western flank of the anticline, three 225 

distinct cleavage sets with varying orientations are observed, each reflecting separate tec- 226 

tonic events. A set of NW-dipping cleavages was displaced by a subsequent set of NE- 227 

dipping cleavages, which was in turn displaced by another NW-dipping set (Fig. 8b). The 228 

earliest NW-dipping cleavage resulted from NW-SE compression during the Early Paleo- 229 

zoic. This suggests that the NE-dipping cleavage in the region formed after the Early 230 

Paleozoic but before the Jurassic NW-SE compression that created the subsequent NW- 231 

dipping set. These observations indicate that the western Guangdong region underwent 232 

significant NE-SW compression during the Triassic period.  233 
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 234 

Figure 8. (a)Triassic and Early Paleozoic tectonic superposition outcrops; (b) Jurassic, Triassic, and 235 

Early Paleozoic tectonic superposition outcrops; (c) Map showing the distribution of Triassic cleav- 236 

age in the research area (trend) and rose diagram illustrating the dip direction of Triassic cleavage 237 

in the research area. 238 

Based on the measured data from the study area, the classical inversion method and 239 

the foliation rose diagram analysis (Fig. 8c) were utilized to invert the paleotectonic stress 240 

field of this period. The inversion results reveal that, during the Triassic NE-SW compres- 241 

sion deformation stage, the maximum principal stress direction σ1 was approximately 242 

NE-SW; while the minimum principal stress direction σ3 approximately NW-SE (Fig. 8c). 243 

This represents approximately 90° rotation from the Early Paleozoic stress field, indicating 244 

a fundamental change in the regional tectonic regime. 245 

In the Cambrian strata on the southeast wing of the NE-SW trending anticline, quartz 246 

veins are observed along the foliations or in deformed positions, displaying shear that 247 

obliquely crosses the foliation and extends upward from the hanging wall (Fig. 9a). These 248 

relationships indicate that these quartz veins formed after the NW-SE compression of the 249 

Early Paleozoic but prior to the NE-SW compression of the Triassic, classifying them as 250 

early NE-trending quartz veins. 251 

Multiple quartz veins are present on both wings of the large NW-SE trending anti- 252 

cline, exhibiting different characteristics that reflect their formation timing. Some of these 253 

veins fill tensile spaces between two shear planes, forming lens-shaped structures. The 254 

quartz veins that developed along foliations are thin and formed after the NE-SW com- 255 

pression during the Triassic, displaying an NW orientation (Fig. 9b, c). In contrast, veins 256 

that fill tensile spaces between shear planes are wide and often appear in clusters, with 257 

some containing white mica. These shear planes correspond to the NW-SE compression 258 

of the Early Paleozoic and the NE-SW compression movement of the Triassic, respectively. 259 
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 260 

Figure 9. (a) cleavages in the Cambrian Niujiaohe Formation developed during two distinct stages, 261 

with slightly wider lens-shaped quartz veins filling the tensional space between two shear planes; 262 

(b) Quartz veins developed in the Cambrian Niujiaohe Formation strata; (c) Mica-bearing quartz 263 

veins developed in the Cambrian Gaotan Formation strata; (d) Map showing the dip direction of 264 

Triassic quartz veins in the research area and rose diagram illustrating the dip direction of Triassic 265 

quartz veins in the research area. 266 

Multiple sets of joints are well developed in Cambrian rock layers exposed in the 267 

field. On the northwest wing, the joints have dip directions ranging from 258 ° to 315 °, 268 

with dip angles between 52 °-83 ° (Fig. 10). On the southeast wing, the dip directions 269 

mainly range from 145 °-173 °, with dip angles from 16 °-89 °, indicating the influence of 270 

Triassic NW-SE compression (Fig. 10b and c). 271 

 272 

Figure 10. (b)(c)Joints in the Cambrian strata on the southeastern flank of the anticline Ⅱ (see Fig 273 

2); (a)(d) Analysis of plane and sectional mechanics properties of joints in the Cambrian strata on 274 

the southeastern flank of the anticline; (e) Rose diagram and projection map showing the occurrence 275 

of joint during the Triassic Epoch in the research area (dip direction). 276 
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4.3. Jurassic NW-SE compression 277 

The Jurassic NW-SE compression enhanced the NE-SW structural trend in western 278 

Guangdong (see supplementary figure), transforming the NE-SW structures from the 279 

Early Paleozoic and the NW-SE structures from the Triassic. This deformation episode 280 

represents the third major compressional event in the regional tectonic history and 281 

demonstrates the cyclical nature of stress field orientations in this part of the South China 282 

Block. Structural features indicative of Early Jurassic-Cretaceous movements, as observed 283 

in the field outcrops, primarily include compressional cleavages and quartz veins that ei- 284 

ther fill or modify early foliation planes or occur between compressional foliation planes. 285 

The compressional cleavages formed during Jurassic deformation in the southeastern 286 

flank of the anticline show dip directions between 123° and 174° and dip angles ranging 287 

from 50° to 84°. On the northwest wing of the anticline, compressional cleavages show 288 

dip directions between 295° and 325°, with dip angles from 49° to 84°, systematically in- 289 

tersecting or modifying the cleavages formed by Early Paleozoic or Triassic movements. 290 

Furthermore, critical field relationships are observed in the Cambrian strata, where two 291 

sets of cleavages representing different deformation stages can be identified: early cleav- 292 

ages with NE or SW dip directions are intersected by later cleavages with SE dip directions 293 

(Fig. 11a). The early NE- or SW-dipping cleavages were produced by NW-SE compression 294 

during the Triassic, while their intersection by subsequent NW-SE compression move- 295 

ment, attributed to the Jurassic period, later affected the western Guangdong region.  296 

 297 

Figure 11. (a) Two different stages of cleavages developed in the Cambrian Niujiaohe Formation 298 

strata; (b) Multiple sets of quartz veins in the Cambrian Gaotan Formation are observed filling the 299 

tensional spaces between two shear planes, forming along early cleavage and fragmented by later 300 

cleavage; (c and d) Analysis of plane and sectional mechanical properties of cleavage developed in 301 

the Cambrian Niujiaohe Formation strata. 302 

The Cambrian Gaotan Formation preserves excellent examples of this overprinting 303 

relationship, with two different sets of cleavages developed on both sides of the NE-SW 304 

trending anticline. The early cleavage formed during the Triassic, while the later cleavage 305 

formed in the Jurassic. Multiple sets of quartz veins are observed filling the tensile spaces 306 

between the two shear planes, initially aligned with the early cleavage, and subsequently 307 

fractured along the direction of the late cleavage (Fig. 11b). This complex vein geometry 308 

provides direct evidence for progressive deformation under changing stress conditions. 309 

4.4. Cretaceous NW-SE extension 310 

The NW-SE extensional movement during the Cretaceous Epoch further intensified 311 

the NE-SW structural contour in western Guangdong, leading to the development of mul- 312 

tiple extensional structures and transforming the NE-dipping structures formed during 313 

the Triassic Epoch (see supplementary figure). Field evidence for Cretaceous extensional 314 

deformation is primarily documented through normal faults and quartz veins filling ex- 315 

tensional spaces. Normal fault planes formed during the Cretaceous movement have dip 316 

directions of either NW or SE, consistent with NW-SE extension. On the eastern flank of 317 
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the NE-SW trending fold, a fault plane with a dip direction of 94°∠ 53° is observed, cut- 318 

ting across cleavage with an occurrence of 223°∠ 31°, with a sliding distance is about 0.5 319 

meter. (Fig. 12a). Similarly, on the western flank of the NE-SW trending fold, a normal 320 

fault with a dip direction of 90°∠ 65° intersect a thrust structure with an occurrence of 321 

46°∠ 17° (Fig. 12b). The above-mentioned findings indicate that the tectonic activity re- 322 

sponsible for forming these normal faults occurred after the Triassic compression phase 323 

and represented an extensional movement fundamentally different from the preceding 324 

Jurassic compression. 325 

 326 

Figure 12. (a) Two different stages of cleavages developed in the Early Paleozoic Gaotan Formation, 327 

with the later cleavage intersecting a normal fault characterized by a descending hanging wall and 328 

an ascending footwall; (c and d) Analysis of sectional and plane mechanical properties of the fault 329 

plane in the Cambrian Gaotan Formation strata; (b) A set of cleavages in the Early Paleozoic Niu- 330 

jiaohe Formation with a steeply dipping fault developing above it; (e and f) Analysis of sectional 331 

and plane mechanical properties of the fault plane in the Early Paleozoic Niujiaohe Formation. 332 

Multiple shear quartz veins observed in the Cambrian Niujiaohe Formation strata on 333 

the eastern flank of the NE-SW trending fold (Fig. 13), provide additional evidence for 334 

extensional deformation. These veins show downward shear in the hanging wall and up- 335 

ward shear in the footwall, with shear planes dipping toward the NW. The quartz veins 336 

are slightly inclined relative to the shear plane, suggesting that the extensional movement 337 

during this period occurred after the NW-SE compression movement of the Jurassic but 338 

shared similar structural characteristics. These observations collectively indicate that 339 

western Guangdong experienced significant NW-SE extensional activity during the Cre- 340 

taceous. 341 
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 342 

Figure 13. (a) A set of shear quartz veins developed in the Cambrian Niujiaohe Formation, showing 343 

descending hanging wall and a rising footwall; (b and c) Analysis of sectional and plane mechanical 344 

properties of shear quartz veins in the Niujiaohe Formation strata. 345 

5. The Enlightenment of Structural Evolution Process on Mineralization 346 

So how to use the structural analysis to conduct ore prospecting? Taking the 347 

Huangnikeng gold deposit as an example, the ore bodies in this mining area are distrib- 348 

uted along both NW-SE and NE-SW trends (Fig. 14), with the majority dipping in the NE- 349 

SW direction. Structural analysis reveals that the NE-SW trending ore bodies are con- 350 

trolled by multi-stage structural reactivation, including the Early Paleozoic NW-SE com- 351 

pression, Jurassic NW-SE compression, and Cretaceous NW-SE extension. These complex 352 

interactions make the NW-SE trending ore bodies a priority focus for prospecting in the 353 

study area. In contrast, the NE-SW structures are mainly controlled by Triassic NE-SW 354 

compression and were locally reactivated during the Jurassic-Cretaceous period, showing 355 

relatively weak prospecting potential. In addition, the NW-SE trending ore bodies are 356 

mainly influenced by Triassic NE-SE compression and were locally reactivated during the 357 

Jurassic-Cretaceous period, resulting in comparatively lower prospecting potential. Ad- 358 

ditionally, the interspersing of NW-SE and NE-SW trending ore bodies suggests that the 359 

intersections of these fault structures are highly conductive to ore bodies formation and 360 

should be prioritized as key areas for mineral prospecting.  361 

The length of a single ore body ranges from 45 to 800m. The average true thickness 362 

of a single ore body varies between 0.81 and 2.6m. The ore bodies are mainly vein-shaped, 363 

displaying occasional branching and expansion. Overall, the main ore body shows stable 364 

structural characteristics (Fig. 14)[18]. 365 

 366 

Figure 14. Huangnikeng mining area plan and 0 exploration line profile. 367 
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Cross-sectional analysis reveals that ore bodies dipping in the NE-SW direction show 368 

signs of higher gold grades compared to the ore bodies. This relationship confirms that 369 

the NE-SW trending ore bodies, which are controlled by the combined tectonic move- 370 

ments of the Early Paleozoic NW-SE compression, Jurassic NW-SE compression, and Cre- 371 

taceous NW-SE extension, possess advanced mineralization potential (e.g., F9 and F11 in 372 

figure 14). Therefore, the NE-SW trending structure controlled by the combined tectonic 373 

movement of NW-SE trending compression in Early Paleozoic, NW-SE trending compres- 374 

sion in Jurassic and NW-SE trending extension in Cretaceous should be the priority pro- 375 

specting target. 376 

The occurrence, shape and scale of the ore bodies at the Huangnikeng gold deposit 377 

are strictly controlled by the fault zone. The NE-trending fault zone is the main ore-con- 378 

ducting and ore-hosting structure of the mining area. The ore-bearing host rock is mainly 379 

Cambrian strata, enriched in gold and other ore-forming elements, which provides a ma- 380 

terial source for the formation of the Huangnikeng gold deposit [19, 20]. In the Cambrian 381 

strata, the useful ore-forming elements such as gold were activated by regional metamor- 382 

phism and magmatic activity, and migrated to the favorable parts of the NE-trending fault 383 

zone to form enrichment [21]. The magmatic activity in Jurassic-Cretaceous caused the 384 

local expansion of the NE-trending fault zone, and the ore-forming materials carried by it 385 

entered, which provided a sufficient heat source for the activation and transfer of ore- 386 

forming materials and formed ore-bearing hydrothermal solution [22]. The NE-trending 387 

fault zone provides channels and places for the upward migration of ore-bearing hydro- 388 

thermal fluids and the crystallization and precipitation of metal minerals [18]. In sum- 389 

mary, the Huangnikeng gold deposit is a fault-controlled, altered-rock type deposit of 390 

hydrothermal origin. The gold in the Huangnikeng gold deposit is mainly filled in the 391 

interstitial space of pyrite or arsenopyrite grain aggregates or occurs as native gold in 392 

high-grade ore zones [18]. Notably, gold grades increase significantly where pyrite coex- 393 

ists with or is intergrown with late-stage quartz veinlets, indicating continued metal pre- 394 

cipitation during late-stage fluid evolution [18]. Previous studies indicate that gold mines 395 

with similar mineralization are controlled by tectonic and structural factors, rather than 396 

being directly associated with granitoid intrusions [23,24]. The Jurassic-Cretaceous fault 397 

structures in the region have undergone a transition from compression to extension, re- 398 

sulting in the development of brittle fault structures. These structures play a crucial role 399 

in controlling the migration and precipitation of gold-bearing fluid, creating favorable 400 

conditions for gold mineralization [25]. These brittle faults serve as the primary host struc- 401 

tures for gold deposits.   402 

The relationship between gold deposits and brittle shear zones is significant, as these 403 

shear zones act as both guiding and hosting structures for mineralization [26]. Most gold 404 

ore belts or fields in the western Guangdong region are spatially associated with the NE- 405 

trending Guangning-Luoding regional deep fault zone, which has experienced ductile 406 

shear deformation in deep crustal environments during its early evolution. During the 407 

later stages of tectonic evolution, the inherited brittle shear zone systems were superim- 408 

posed onto the pre-existing ductile shear zones, creating favorable conditions for over- 409 

printed mineralization (Fig. 15). According to the prospecting results in the Huangnikeng 410 

area, gold deposits are primarily distributed within NW and NE-trending brittle shear 411 

zones. High-grade gold deposits are predominantly found at the intersections of these 412 

NW and NE-trending brittle shear zones. The Jurassic-Cretaceous tectonic activity 413 

marked a transition from compression to extension, leading to significant development of 414 

brittle fracture structures that serve as the primary hosts for gold deposits. Based on this, 415 

key prospecting targets for gold deposits in this region include: 1. areas controlled by 416 

dome structures overlying Jurassic-Cretaceous plutonic intrusions; 2. intersections of NE 417 
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and NW trending structural zones. In the light of these findings, specific areas (the target 418 

areas) for prospecting have been identified (Fig. 16). 419 

 420 

Figure 15. Regional structure ore-controlling model diagram. 421 

 422 

Figure 16. Geological sketch of Huangnikeng-Fengmu area in the western Guangdong region: 1- 423 

Quaternary system; 2- Cretaceous system; 3- Triassic system; 4- Devonian system; 5- Cambrian sys- 424 

tem; 6- Sinian system; 7- Jurassic-Cretaceous granite; 8-Triassic granite; 9- Early Paleozoic granite; 425 

10- Integrate geological boundaries; 11- Inconsistent geological boundary; 12- Fault; 13- (brittle) duc- 426 

tile shear zone; 14- Research area; 15- Target area [27]. 427 
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6. Conclusions 428 

The western Guangdong region preserves a detailed record of four major tectonic 429 

events spanning the phanerozoic: 1. Early Paleozoic NW-SE compression; 2. Triassic NE- 430 

SW compression; 3. Jurassic NW-SE compression; 4. Cretaceous NW-SE extension. Each 431 

episode is characterized by distinctive structural assemblages and paleo-stress configura- 432 

tions that provide insights into the regional geodynamic evolution and record the pro- 433 

gressive evolution of the South China Block. Gold deposits in the region are mainly con- 434 

trolled by multi-stage structural reactivation, with the most favorable targets located at 435 

intersections of NW and NE brittle shear zones and fault systems. The transition from 436 

compression to extension during the Jurassic-Cretaceous created optimal conditions for 437 

extensive brittle structures and hydrothermal fluid circulation. Such processes are funda- 438 

mental to gold formation. Areas characterized by structural complexity, multiple reacti- 439 

vation events, and proximity to Jurassic-Cretaceous intrusions represent the highest pri- 440 

ority exploration targets. More specifically, effective deep mineral prospecting should fo- 441 

cus on the influence of dome structures and the intersection of NE and NW-trending struc- 442 

tural zones. The future work will focus on geochemical and chronological studies, provid- 443 

ing more accurate chronological evidence for the tectonic evolution results obtained by 444 

structural analysis, and revealing the source of ore-forming materials and the evolution 445 

process of ore-forming fluids. 446 
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