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A study on the geochemical characteristics and metallogenesis of the Lanmugou gold deposit
in the South Qinling Belt, Shaanxi, China

Abstract; The Lanmugou gold deposit is located in Xunyang County, Shaanxi Province, produced in the
Indosinian Shiquan-Shenhe thrust nappe of the South Qinling, and controlled by the Heihumiao brittle-ductile shear
zone. In this paper, via the analysis of the mineralization background, ore-controlling structure features and
geochemical characteristics of the deposit, the preliminary conclusions on the geological characteristics and
metallogenesis of the Lanmugou gold deposit have been obtained. Co content of pyrite in strata varies from 67. 6x
107° to 208x10°°, Ni content from 108x107° to 585x10°°, and the total amount of rare earth elements from 2. 16x
107° 10 22.9x 10™°. Simultaneously, Co content in hydrothermal pyrite varies from 317x10™° to 751x10™°, Ni
content from 82. 8x107° to 304x107°, and the total amount of rare earth elements from 4. 04x107° to 51. 74x107°.
8*S value in hydrothermal pyrite ranges from 9. 9% to 12. 1%c, with the average value of 11.27%0. **Pb/**Pb
value of hydrothermal pyrite ranges from 18. 560 to 20. 206, *’Pb/**Pb value from 15. 668 to 15. 708, **Pb/**Ph
value from 38.257 to 38. 860; **Pb/**Pb value of pyrite in the strata ranges from 18. 502 to 20. 086, *Pb/**Pb
value from 15. 644 to 15.788 and **Pb/**Pb value from 38.475 to 38.907. 80, oy value of quartz in ore
ranges from 13. 5%o to 15. 9%o, with the average value of 14. 7%o¢, and the 6D, g,y value ranges from =77. 8%o to
=71.3%oc, with the average value of —=74.55%c. Re-Os isochron age of pyrite in the ore is 202+12 Ma. From the
comprehensive studies, it is concluded that the source of ore-forming materials of the Lanmugou gold deposit is from
the interlayer of volcanic rocks in strata, and the ore-forming fluids are multiple-sourced ( basically metamorphic
water derived from interlayer water, atmospheric precipitation). The inference of metallogenesis is that the ore-
forming hydrothermal fluids filled the lamellae of brittle-ductile shear zone and the minerals were precipitated and

enriched in the extension stage after the collision of the Qinling orogenic belt at the end of the late Triassic-early
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Jurassic. The metallogenic characteristics show that the Lanmugou deposit is an orogenic gold deposit.

Key words: South Qinling; Lanmugou; gold deposit; geologic characteristics; metallogenesis
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Fig. 1  Geologic sketch of the Shiquan-Xunyang area in the South Qinling Belt ( modified from Feng and Yang, 1994; Zhang et al. ,
2001; Yang et al. , 2016; Han et al. , 2020)

1-Cainozoic; 2-Devonian; 3-Silurian; 4-Cambrian-Ordovician; 5—-Meso-Neoproterozoic ( Wudang group and Yaolinghe group) ; 6—
Granite; 7- Granodiorite; 8 — Diorite; 9 — Ningshan fault; 10 - Shuanghe-Baihe fault ( Nanyangshan fault); 11 — Shiquan-Ankang
(Yuehe) fault; 12-Brittle strike-slip normal fault; 13—Brittle high-angle normal fault; 14—Ductile denudation fault; 15-Early ductile
nappe fault; 16—Ductile detachment fault; 17-Late ductile nappe fault; 18—Ductile inclined layer; 19—-Ductile shear zone; 20-Gold
deposits (occurences) ; | —Taishanmiao-Maping nappe sheet; I —Yinxingba-Lvhe nappe sheet; Il —Shiquan-Shenhe sliding nappe

sheet; IV—Niushan-Fenghuangshan basement rock; SF1-Shangdan suture zone; SF2—-Mianlve suture zone
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(a) Geologic map of adjacent areas; (b) Geologic map of the mining area

1-The Dafenggou Formation; 2—Upper member of the Meiziya Formation; 3—Lower member of the Meiziya Formation; 4—The Daping
Formation; 5-The Erdaoqiao Formation; 6—Volcanics; 7—Stratigraphic boundary; 8—Normal faults and their occurrence; 9-Reverse

faults and their occurrence; 10-Diorite porphyrite dikes; 11-Carbonaceous mica quartz schist; 12-Brittle-ductile shear zone; 13-Gold

mineralized belt; 14-Section line; 15-Foliation occurrence; 16—Boreholes and their numbers
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Fig.5 Pyrite and quartz in the ores and pyrites from the strata in the Lanmugou mining area
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B, W B2 TJA X-series 7 Hy SRS & 25 55 1k SREE &8k, H2.16x10°~22.90x10"°, # f1
FRIEAL (ICP-MS) , 43 #14 J 325 1 UL AH 26 SCik # R EY SREE & THZE P D, h 4.04x%

LA (1994, 2001) . 10°°~51.74x107°, WEMFH P ELT v (Co)
3.2 PR t. RETEMBRE ST AR, 7F 67.60x10°°~208.00x10°°, U ah# K,

PR M B AR+, ME T E S RN w (Ni) B & F w (Co), ¥ 108.00x 10°° ~
PEE L 1 Fros, R 1 AT R, 32 b B ko 585.00x10°°,

Rl RBAAEYTSE (7)) AEETVHE. RITESSREMEE (W,/x107°)
Table 1  Contents and characteristic values of the trace and rare earth elements of pyrite in the rocks (ores) from the Lanmugou gold

deposit (W,/x 107%)

. WO B R s
g 7X14125-1 7X14125-2 7X14126-2 7ZX14129-1 ZX14131-1 ZX14132-1 Z7ZX14073-1 7X14073-2 7X14073-3 ZX14073-6 ZX14070-11 ZX14070-12
Co 208. 00 73.10 206. 00 67. 60 112. 00 201. 00 526. 00 389. 00 751. 00 317.00 338.00 535.00
Ni 491.00 108. 00 249. 00 390. 00 585. 00 530. 00 82. 80 104. 00 304. 00 158. 00 100. 00 98. 30
As 18.90 416. 00 625. 00 266. 00 271. 00 1048. 00 174. 00 160. 00 103. 00 101. 00 102. 00 66. 20
Th 1.35 0.24 0.47 0.70 0.26 1. 30 0.35 0.22 0.11 0.19 0.86 0.61
Y 0.53 2.97 0.50 1.48 0.44 4.53 1.50 3.15 1.62 4. 40 8.54 4.19
Zr 44. 50 10. 80 7.82 8. 60 10. 50 14. 10 35.50 34.90 43.50 27.00 76. 00 116. 00
Hf 1.46 0.25 0.21 0.27 0.22 0. 40 1.02 1.00 1.14 0.82 2.03 3.11
Nb 5.83 0.38 0.61 0.50 0.33 2.95 0.81 1.61 2.62 3.00 4.85 2.49
Ta 0.39 <0.05 <0.05 0.05 <0.05 0.29 0.06 0.10 0.17 0.17 0.35 0.18
La 0.43 4.53 1.26 4.94 0.72 1.32 2.41 2. 64 0.58 2.30 9. 81 8.07
Ce 0. 66 9.10 1.55 7.09 0.72 2.25 5.00 5.39 1.13 5.04 20.70 15.90
Pr 0.08 1.24 0.13 0.78 0.08 0.24 0.58 0.70 0.18 0.68 2.44 2.04
Nd 0.27 4.69 0.44 2.45 0.26 0.83 2.26 2. 84 0.70 3.04 10. 10 7.92
Sm 0.21 0.84 0.67 1.78 1.30 0.31 0. 46 0.63 0.27 0.63 1.91 1.34
Eu 0.05 0.14 0. 06 0.13 0.12 0.05 0.14 0.28 0.05 0.27 0.68 0.42
Gd 0.07 0.85 0.07 0. 30 0.06 0.26 0.45 0. 67 0.21 0.84 2.03 1.33
Th 0.05 0.09 0.05 0.05 0.05 0.05 0.06 0.11 0.05 0.15 0.30 0.18
Dy 0.08 0.53 0.07 0.25 0.05 0.47 0.33 0.65 0.29 0.82 1.69 0.93
Ho 0.05 0.10 0.05 0.05 0.05 0.11 0.06 0.11 0.05 0.15 0.30 0.14
Er 0.06 0.32 0.05 0.17 <0.05 0.41 0.14 0.31 0.19 0.48 0.80 0.44
Tm 0.05 0.05 0.05 0.05 0.05 0.06 0.05 <0.05 0.05 0.06 0.10 0.06
Yb 0.05 0.37 0.06 0.19 0.07 0. 44 0.17 0.30 0.24 0.41 0.77 0.45
Lu 0.05 0.05 0.05 0.05 0.05 0.07 0.05 <0.05 0.05 0.05 0.11 0.08
SREE 2.16 22.90 4.56 18.28 3.58 6. 87 12. 16 14.73 4.04 14.92 51.74 39.30
LREE 1.70 20. 54 4.11 17.17 3.20 5.00 10. 85 12. 48 2.91 11.96 45. 64 35.69
HREE 0. 46 2.36 0.45 1.11 0.38 1.87 1.31 2.25 1.13 2.96 6.10 3.61
LREE/HREE 3.70 8.70 9.13 15. 47 8.42 2.67 8.28 5.55 2.58 4.04 7.48 9.89
Lay/Yby 6.17 8.78 15.06 18. 65 7.38 2.15 10. 17 6.31 1.73 4.02 9.14 12. 86
6Eu 1.26 0.51 0.85 0.54 1.31 0.54 0.94 1.32 0. 64 1.13 1.06 0.96
6Ce 0.87 0.94 0.94 0.89 0.74 0.98 1.04 0.97 0. 86 0.99 1.04 0.96
Co/Ni 0.42 0.68 0.83 0.17 0.19 0.38 6.35 3.74 2.47 2.01 3.38 5.44
3.3 RfrEMBRLFIFAE 3.3.2 45RAnE&
3.3.1 mRE4EE FEARTE G0 XA R S5 S L3R 3, kT

R ML R (R 2) B, 0 AT EEk L, RIS IR A AL Ph/ " Pb = 18. 560 ~
B 8 SIEHANT 9. 9%0 ~ 12. 9%, YI{H N 11.27%o0; 20.206,”"Pb/*®Pb = 15.668 ~ 15.708, **Pb/**Ph =
HJZ BT 67'S (H AT 14. 4%0~20. 7%, ¥IE 38.257 ~ 38.860; b 2 G 4k ¥ 19°°Pb/ 2P fH H
K 16.97%0; ZEFEIESE (2009) TEEEEVE 485 AR 18. 502 ~ 20. 086, Pb/*™Pb {fi N 15. 644 ~ 15.788,
R B S [ T 7. 5%0 ~ 11. T%o, *SPh/*™Ph FI{E N 38. 475 ~38.907, H[Ef K S%
BIE R 9. 76%0., M Geokit 84 (&, 2004) TS,
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Table 2 Sulfur isotopic compositions of pyrites and pyrrhotite in the ores, deposits and strata from the Shiquan-Xunyang gold ore belt

R 4 Bk B 5 7] Sy cpr o B b il iR BERL R IR
JEAR ZX14070-11 B 12.1 A
A 7X14070-12 BT 12.9 A
[<¥ N ZX14073-1 R 10.7 WA 3
JE A 7X14073-2 B 10. 8 e
[S¥ N 7X14073-3 B 9.9 A
£ 7X14073-6 HERT 11.2 WA
A ZX14125-1 WA 16.1 B A
JEAR ZX14125-2 HERY 18.5 BRI
| SN 7X14125-3 B 16.3 RIS ED BT
JE AR 7X14126-2 Wk 20.7 AR AT PP
JE A ZX14129-1 WY 18. 4 W BT BUA 3
JEAR 7X14129-2 B 14.4 BRI T BUCE
£ 7ZX14131-1 BT 16. 6 WD A
JEAR B ZX14132-1 R 16.0 WA BUH
JEAR ZX14135-1 B 15.7 7R A
I S-48 Tl R 7.5 R I A A R BZEA
PP S-48 W 8.9 W A A 4 B A
2 2076 Tl k™ 11.7 BE TR U A BEEEA ZERIEAE, 2009
ES 0 2053 B 11.3 BRI A0 A
ER o 2102 B 9.4 WEEE R W A A B R A

R3 BERASTREGT PHEEMEARREHE

Table 3 Lead isotopic compositions in pyrites from the Lanmugou gold deposit

RS ] 206 pp/ 2% ph 27 ph/?% ph 2% pp/ 2% ph AB Ay
7X14070-11 AR 20. 206 15. 668 38.257 22.63 29. 68
7X14070-12 B R 19. 345 15. 683 38. 693 23.61 41.42
7X14073-1 AT 19. 066 15. 669 38.716 22.70 42.04
7X14073-2 AR 19. 581 15. 693 38. 600 24.27 38.91
7X14073-3 A R 18.927 15. 678 38. 860 23.29 45.91
7X14073-6 [l %73 18. 560 15.708 38. 624 25.24 39. 56
7X14125-1 2 18. 502 15. 645 38. 475 21.13 35.55
7X14125-2 Hh 2 B 18. 566 15.714 38. 649 25. 64 40.23
7X14125-3 HhJE B R 18. 566 15.715 38. 651 25.70 40. 29
7X14126-2 i JZ B 18.595 15. 644 38.782 21.07 43. 81
7X14129-1 2 T 20. 086 15.788 38.907 30. 47 47.18
7X14129-2 b2 B 20. 083 15.778 38. 891 29. 81 46.75
ZX14132-1 b2 BB 18. 547 15. 691 38.571 24.13 38.13
7X14135-1 o2 H 18. 700 15. 667 38.720 22.57 42.14

3.3.3 ARRMEE Mg 80, T 2.96%0 ~5.03% (80, {HEJR

SW NN P Sl LS O = W R A B U
4, FIYEH 80, qyon THH 13.5%0~15.9%0, FIIH
N 14 7%, e F R 870, EH AT 0.5%0 ~
2.9%0, FIMEN 1.7%0, 8D, oy H N —77. 8%0 ~
~71.3%0, FYIMEN-T4.55%c0, T 8A T KA
M AL B B, A A 2 AR D IR O R AT, S
PR S B0 G 2 — R AR E IS SF (2018) 7E
WAy PGB RS R A3 25 3, e A S R
LA R B 4 200. 8 °C g, IR X ] A
160~260 °C . Z=f@ik%F (2009) 7 FFE &0 K

M), I E R 4. 28%0,
—86%0 ~—66%0, FIJE A -76. 8%,
3.3.4 Re-Os Rl 4a%

R REARE &0 0 A h B8 31T Re, Os
R, 25K W3 5, KA ISOPLOT F2 )3 4%
RBUE AT, BTG 5 A SRR AR R 202+
13 Ma, #IE"0s/™0s H2.9+1.1 (F 6a), J¥5
1~4 SRR AR 202412 Ma, #115'%0s/'0s K
3.08+0.68 ([ 6b), TN HEmEy, #
YA H Re, Os oAk, M FMLIRERK,

BDV-SM()W {E ﬂi’
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Table 4 Hydrogen and oxygen isotopic compositions in the Shiquan-Xunyang gold ore belt and the Silurian in the Xunyang area

IR 44 7 BE i 25 5 B it 24 B 5180\'-5‘»«0“'/%0 5180/j</%0 0Dy syow /%o BERL ok U
=¥/ N 7X14070-3 A 13.5 1.91 -71.3
JE AR 7X14070-10 oS 15.9 4.31 -77.8 o
B A S-108 ¥ 12.5 5.03 -86
IR S-118 P 14.5 4.42 -81
F S S-7 Y 14.6 2.96 -79 ZEARLEAE ) 2009
FI S-127 P 18.0 4.37 -66
2 B S-29 Ve 17.8 4.61 -72
XGD-13 e 3rieey 18.1 2.92 -68
XG-53 ik A 17.8 0.71 =77
XG-81 Tk Jo 18.7 9.61 -79
XG-82 ik B 18.6 7.99 -80 o
X, 2006
XN-29 e 19.9 12. 65 -82
XND-32 e 18.5 5.33 -79
XGD-01 Hb )2 koA B 18.0 10.77 -81
XGD-03 b )2 o R e 17.8 0.71 -79

RS EREGETT APHEKT Re-0s BE

Table 5 Re-Os isotopic compositions in pyrites from the Lanmugou gold deposit

5 e Re/(ng/g) # 0s/(ng/g) %70s/(ng/g) ¥ Re/" 0s 8705/ 05
$j§ #Eﬂgﬁlﬁ il 22 =3 il 22 = il 22 =3 S 22 = il 22 =
MEMl AHEE WEH AHEE WElH AHEE  WEE AW E MEM  AHhE B
1 7X14073-1 1. 1990 0. 0090 0. 0024 0. 0000 0. 0036 0. 0000 2465.0 25.0 11. 660 0. 020
2 7X14073-2 0.2137 0.0016 0.0012 0. 0000 0. 0009 0. 0000 857.9 9.5 5.835 0. 026
3 7X14073-5 6.6310 0. 0490 0. 0027 0. 0000 0.0152 0. 0001 11763.0 121.0 42. 600 0. 130
4 7X14070-11 0. 8030 0. 0059 0. 0025 0. 0000 0. 0027 0. 0000 1535.0 16.0 8.200 0.016
5 7X14070-12 2.7630 0. 0200 0. 0047 0. 0000 0. 0072 0. 0001 2842.0 29.0 11.710 0. 020
50 50
- a - b
40 | 40 |
3 30 8 30 b
- 20} -2}k
Age=202+13 Ma Age=202+12 Ma
10 Initial'®¥Os/'*0s=2.9+1.1 10 Initial'*"Os/"**0s=3.08+0.68
MSWD=30 MSWD=6.1
0 i} L L I L L 0 L L 1 L L L
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
187Re/18805 187Re/18803

a—S5 SLFIGARI ; b—4 SR LA IR
B6 KEARKMET T AFHHEKT Re-Os F I &F R

Fig. 6 Re-Os isochron ages for pyrites from the Lanmugou gold deposit

(a) Isochron age of 5 pieces of data; (b) Isochron age of 4 pieces of data
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BRI 1<Co/Ni<5, F30 1.7, DUBUAL R B 35 2k -
Co/Ni<1, F¥9240.63, LU HLZ P E# ™ Co/
Ni<l, s RIiRER, U X A8 i s R 2 T
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Fig. 7 REE distribution of pyrite in ores and strata from the Lanmugou gold deposit

(a) Samples from ore; (b) Samples from strata
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Fig. 8 Sulfur isotopic distribution in the Shiquan-Xunyang gold
deposit belt (modified from Han et al. , 2003)
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Fig. 9 Lead isotopic diagram of pyrites from the Lanmugou gold deposit (modified from Zartman and Doe, 1981)
(a) Pattern diagram of *Pb/**Pb-*"Ph/**Pb; (b) Pattern diagram of ***Pb/**Pbh->* Pb/** Ph
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Fig. 10 AB—Avy genetic classification diagram of lead isotope in
the Lanmugou gold deposit ( modified from Zhu et al. , 1998)
The sources of Ph: 1-Mantle; 2-Upper crust; 3 —Subduction
zone of mantle mixed with upper crust (3a-magmatism; 3b-
sedimentation ) ; 4—Chemical sediment; 5—Seafloor hydrothermal
solution; 6—Mesometamorphism; 7—Hypometamorphism of lower
crustal; 8 — Orogen; 9 — Ancient shale of upper crustal; 10—

Retrogressive metamorphism
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Fig. 11 8"0-8D diagram of ore-forming fluids in the Shiquan-
Xunyang gold belt and fluids of strata in the Xunyang area

(modified from Taylor, 1997 and Chen et al. , 2005)
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