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Fig. 2 Simplified geological map of the Songshubei gold deposit in Wuchuan County, Inner Mongolia
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Fig. 3 Alteration characteristics of surrounding rock in the Songshubei gold deposit
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Fig.4 Characteristics of veins and minerals in different metallogenic stages of the Songshubei gold deposit
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Fig. 6 Microphotographs of occurrence states of gold mineral in quartz—vein type samples of the Songshubei gold deposit
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Table 1 EPMA analytical results of gold minerals in quartz vein samples in the Songshubei gold deposit (%)

FEfais BB Au Ag S Fe Cu Zn As Bi Pb a1t oy REh
372-2-1-1 I 95.09 5.59 0.07 0.28 0.01 0.01 0.00 0.06 0.02 101.11 944.50
372-2-2-2 1 92.32 6.27 0.07 0.18 0.00 0.03 0.00 0.00 0.00 98.87 936.37
372-2-2-4 I 93.12 6.03 0.06 0.20 0.00 0.00 0.00 0.00 0.00 99.40 939.21
572-2-3-1 il| 93.32 6.03 0.05 0.06 0.00 0.01 0.00 0.00 0.00 99.47 939.29
574-4-1-2 I 92.56 5.84 0.10 0.63 0.00 0.01 0.00 0.00 0.00 99.14 940.61
574-4-1-3 m 83.69 14.05 0.09 1.22 0.00 0.00 0.00 0.03 0.03 99.11 856.26
574-4-1-4 il| 92.35 6.72 0.07 0.60 0.04 0.00 0.00 0.00 0.00 99.77 932.16
574-4-1-5 Il 94.02 5.48 0.07 0.01 0.04 0.00 0.01 0.00 0.00 99.63 944.95
574-4-1-6 m 94.16 5.65 0.05 0.04 0.00 0.03 0.00 0.01 0.00 99.94 943.40
575-2-1-1 il| 91.75 6.43 0.04 0.14 0.32 0.00 0.00 0.00 0.00 98.68 934.53
575-2-2-1 I 93.88 6.01 0.05 0.77 0.33 0.02 0.00 0.00 0.05 101.11 939.81
575-2-3-1 i} 93.66 591 0.04 0.05 0.18 0.01 0.00 0.00 0.00 99.85 940.65
575-2-3-2 i} 94.26 6.07 0.03 0.12 0.26 0.00 0.00 0.00 0.00 100.73 939.54
575-2-3-3 I 94.25 6.26 0.03 0.00 0.00 0.00 0.00 0.00 0.00 100.54 937.73
575-2-3-4 i} 93.77 6.12 0.03 0.00 0.05 0.00 0.01 0.03 0.00 100.01 938.74
575-2-3-5 i} 93.24 6.17 0.03 0.14 0.26 0.00 0.00 0.00 0.00 99.83 937.93
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Table 2 Analytical results of gold—bearing pyrite in quartz vein samples from the Songshubei gold deposit (x107)

Feddms BB Co Ni Cu As Se Ag Te Au Pbh Bi
121-2-2-1 I 179.95  195.62 74.45 - 5.13 15.09 33.64 3.73 453.62 92.93
121-2-2-2 1 280.43 29146  254.76 - 3.37 0.25 1.83 0.08 3.75 2.34
121-2-2-3 Il 350.76  422.60  160.45 - 4.57 8.35 13.81 0.37 830.71 49.30
121-2-2-4 1 187.68  271.87 15.04 - 3.29 0.37 2.24 0.08 10.65 4.81
372-2-1-1 1 4.97 14.41 13.47 - - 28.82 161.72 19.21 113.83 40.47
372-2-1-2 1 5.77 13.82 5.57 - - 1.01 5.01 0.50 3.89 0.90
372-2-1-3 1 5.83 19.91 3.74 - - 0.94 1.12 0.25 1.34 0.64
372-2-1-4 Il 15.65 56.03 9.10 - - 7.86 23.95 4.55 8.66 10.46
372-2-1-5 I 11.22 47.95 5.24 - 2.32 8.82 13.49 4.75 3.35 2.72
372-2-2-1 I 18.99 55.34 7.63 - 3.51 2.06 6.24 1.08 5.24 1.64
372-2-2-2 I 14.88 38.74 5.35 - 2.99 0.66 4.59 0.34 2.87 1.15
372-2-2-3 I 10.59 39.27 24.28 - 3.76 206.56 862.73 633.29 58.21 191.46
372-2-2-4 I 5.64 23.36 8.66 - 3.31 10.49 57.16 26.95 7.42 13.58
372-2-2-5 I 9.92 34.05 6.32 - 445 0.24 2.99 0.18 2.11 0.68
372-2-2-6 | 1.56 15.78 38.28 - 3.24 191.32 553.81 347.63 88.70 104.40
372-2-2-7 m 3.92 26.96 33.09 - 4.66 301.75 719.48 504.35 292.40 142.01
372-2-2-8 m 475 15.50 41.05 - 3.73 849.73 141521  1609.68  434.84 326.18
372-2-2-9 m 1.79 14.48 25.41 - 3.57 332.72 879.84 751.21 84.25 180.69
372-2-2-10 m 1.86 16.99 52.88 - 5.64 509.44 210272 284040  137.45 653.89

473-12-2-1 1 1.54 30.95 46.15 - 14.04 0.09 2.27 0.06 3.18 2.03
473-12-2-2 1 3.02 35.48 66.97 - 15.07 7.50 14.80 2.04 189.96 20.31
473-12-2-3 1 21.62 80.72 23.34 - 19.76 0.06 1.13 0.02 2.96 0.74
473-12-2-4 Il 55.16 11377 277.59 - 16.80 24.63 311.09 5.58 500.46 517.56
572-2-3-1 | 43.67 758.18  216.61 207 344 146511 4662.59 315723 1147.16  1242.07
572-2-3-2 i 5215 151593 1545 - 4.03 73.40 238.79 129.97 24.14 86.60
572-2-3-3 m 13.52 955.74 15.01 - 7.09 39.02 104.08 4531 29.67 23.47
572-2-3-4 m 0.82 179.85 24.07 - 4.96 251.86 609.05 418.83 53.28 82.36

572-2-3-5 m 12.46 681.62 14.50 - 4.96 26.72 74.13 21.44 19.59 26.48
574-4-1-1 | 62.37 22525 4.17 - 5.24 8.46 25.24 14.26 3.10 4.54
574-4-1-2 I 831.70  702.49 1616  1.90  4.70 16.51 76.58 4.45 69.89 15.85
574-4-1-3 iif 1.90 122.87 54.61 - 3.19 33237 1506.03 44406 175248  146.70
574-4-1-4 | 3.26 401.84 9.16 - 7.05 40.81 402.55 39.21 439.24 40.10
574-4-1-5 i 2.81 105.34 2.00 - 2.95 1.82 42.11 0.21 37.45 20.52
574-4-1-6 | 2.21 27.94 7.79 - 5.27 0.69 2.72 0.52 2.44 1.04
574-4-1-7 m 433 42.92 37.25 - 6.71 2.35 5.72 2.18 0.80 0.51
574-4-1-8 m 9.51 52.05 121.84 - 6.55 743.65 999.64 618.46 201.19 62.18
574-4-1-9 m 5.80 41.09 349.69 108 691 358631 586223 445600 167355  630.85
574-4-1-10 | 4.50 28.36 5.82 - 5.05 12.15 35.57 11.39 24.61 2.98
574-4-1-11 I 5.93 79.61 4821 - 9.17 817.54 196450 1537.86  166.53 312.64
574-4-1-12 I 1.63 68.29 19263 174 13.10 376348 6409.54 454206 143842  707.01
574-4-1-13 iif 2.09 69.40 199.85  1.16  11.84 402293 723846 6207.50 200131  1037.25
574-4-1-14 i 437 113.61 20533 247 2219 223731 8023.13 6331.34 898558 117177
574-4-1-15 | 422 62.54 7003 086 941 155872 271850 2183.84  673.99 406.42

T =" AR T A R
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Fig.7 Trace elements relationship diagrams of pyrite in the Songshubei gold deposit

(a—base map according to Cao et al,2023; b—base map according to Yan et al,2012)
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Fig. 8 Diagram of ore—forming temperature inverted from Se trace elements in pyrite from the Songshubei gold deposit
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rals and Gold—-bearing Pyrites in the Songshubei Gold Deposit, Inner Mongolia

WU Jun', SONG Xiaoxia"?, LI Haitao’, LI Ning'

1. College of Geoscience and Surveying Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi,
China;

2. Key Laboratory of In-situ Property—improving Mining of Ministry of Education, Taiyuan University of Tech—
nology, Taiyuan 030024, Shanxi, China;

3.Shanxi Carboniferous Mineral Exploration Co., Lid., Taityuan 030000, Shanxi, China

Abstract: The Songshubei gold deposit is situated in the northern segment of the Wulashan-Daqingshan
metallogenic belt, along the northern margin of the North China Craton. The ore-hosting strata within this
mining region are identified as the Archean Wulashan Group. Gold-bearing quartz veins, which constitute the
orebodies, are hosted within both the Archean Wulashan Group and the Early Proterozoic mylonitized quartz
diorite. The formation and spatial distribution of these orebodies are predominantly governed by the Houshihua-
Songshubei ductile shear zone. The primary wall-rock alterations observed in the area include sericitization,
chloritization, and potassic feldspathization. The principal sulfide minerals present are pyrite and chalcopyrite,
categorizing the deposit as a sulfide-poor gold type. This study aimed to identify the primary gold-hosting
minerals and characterize the occurrence of gold to inform exploration and resource extraction strategies, as
well as to investigate the genesis of the deposit, including the sources of ore-forming materials and fluids. To
achieve these objectives, the research integrated petrographic observations of quartz and sulfides from various
mineralization stages with in-situ geochemical analyses. These analyses included electron probe microanalysis
(EMPA ) for major elements, laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) for
trace elements, and laser ablation multi-collector inductively coupled plasma mass spectrometry (LA-MC-ICP-
MS) for sulfur isotopes on gold minerals and gold-hosting sulfides. The findings reveal that the Songshubei
gold deposit is an orogenic-type gold deposit. Four distinct stages of mineralization were identified, with the
third stage being the primary ore-forming period, occurring at a moderate crustal depth. Gold is predominantly
present as native gold, primarily in the form of inclusions within pyrite. The gold grain sizes range from fine to
very fine, with no visible gold observed thus far. The fineness of the gold varies from 856.26 to 944.95, with an
average of 930.38. The gold-bearing pyrites are notably enriched in mesothermal chalcophile elements,
including Au, Ag, Cu, and Pb. They are characterized by low Co/Ni ratios (ranging from 0.04 to 1.12) and
highly variable Cu/Au ratios (ranging from 0.01 to 3 052.68). Formation temperatures, as estimated using the
selenium (Se) geothermometer, range from 365 °C to 583 °C, suggesting precipitation from a mesothermal,
reducing ore-forming fluid. In-situ sulfur isotope analyses of gold-hosting pyrite and coexisting chalcopyrite
produced §'S values between -2.91%0 and -1.19%o0. These values fall within the typical range for mantle/
magmatic sulfur and overlap with the sulfur isotope signature of the Archean Wulashan Group. This overlap
indicates a mixed sulfur source, originating from both the metamorphosed Archean Wulashan Group and deep-
seated mantle or magmatic sources. In conclusion, the Songshubei gold deposit is classified as an orogenic-type
gold deposit, controlled by ductile shear zones. Its ore-forming process is primarily dominated by metamorphic
fluids, with episodic incursions of deep-seated magmatic hydrothermal fluids. The ore-forming materials are
mainly derived from a mixed source comprising the Archean Wulashan Group and mantle magma.

Key words: Songshubei gold deposit; gold mineral; gold-bearing pyrites; microelement; sulfide sulfur isotope

2026 EF8 A H$ 34 E-F 4

835



