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Discovery of quartz vein-type tungsten ore body in Chaishan deposit of
Shizhuyuan ore field, South Hunan and its indication for deep prospecting
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Abstract

The Shizhuyuan ore field in Hunan is well-known for its rich concentration of skarn-type tungsten-tin
polymetallic deposits. Recent pit exploration at the Chaishan deposit has unveiled a group of newly discovered
quartz vein-type tungsten ore body. The ore body intersects the early skarn, indicating a distinctly late mineraliza-
tion phase. The discovery not only presents a novel clue for deep exploration in the Shizhuyuan ore field, but also
offers an ideal location for investigating the genetic relationship between skarn-type tungsten ore and quartz vein-

type tungsten ore in this region. This study investigates the mineral geochemistry and fluid inclusions of wolfram-
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ite, scheelite, and quartz in the Chaishan quartz vein-type tungsten deposit. The results show that the Chaishan
wolframite displays a left-inclin distribution pattern of REE with a noticeable negative Eu anomaly, similar to the
geochemical characteristics observed in the wolframite of the Yaogangxian deposit. Scheelite found within quartz
veins exhibits a flat REE distribution pattern with a negative Eu anomaly, which is similar to that of skarn-type
scheelite in the surrounding area. However, there is no discernible fractionation effect, and the Mo content re-
mains significantly low. The Y/Ho ratio of scheelite (ranging from 6.21 to 22.35) within the same ore body signi-
ficantly surpasses that of wolframite (ranging from 4.61 to 5.95), a phenomenon likely attributable to the late-
stage crystallization of fluorite. The temperature and salinity of fluid inclusions within scheelite and quartz nota-
bly differ from those observed in skarn-type tungsten deposits, exhibiting traits indicative of medium to high tem-
peratures and medium to low salinity levels in the ore-forming fluids. Considering the findings from mineralogi-
cal studies, fluid inclusions analysis, and the ore body's occurrence features, it is inferred that the Chaishan quartz
vein-type tungsten deposit and the skarn-type tungsten deposit are distinct magmatic hydrothermal formations
originating from disparate sources and geological stages. The ore-forming fluid associated with the quartz vein-
type tungsten deposit is postulated to originate from the later stages of granitic magmatism subsequent to the em-
placement of the Qianlishan biotite granite in the Shizhuyuan ore field. It is conjectured there is a late-stage mag-
matic mineralization in the deeper regions of the southern section of the mining area, potentially interconnected
with the quartz vein-type tungsten mineralization. It is anticipated that there exists untapped “second prospecting
space” within the deeper sections of the Chaishan skarn-type ore body within the Shizhuyuan ore field.

Key words: quartz vein-type, geochemistry, fluid inclusion, Shizhuyuan
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Fig. 1 Simplified geological map of the southern Hunan ore concentration area (after Wang et al., 2018)
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Fig. 3 Typical exploration line section, tunnel plan and mineralization photos of the Chaishan tungsten polymetallic deposit

a. Geological cross-section at the No0.338 exploration line through the Chaishan deposit; b. The tunnel plan view of the 450 m level within the Chais-

han deposit; c. The distribution trait of quartz vein-type tungsten ore; d. The distribution trait of quartz vein-type tungsten ore (ultraviolet light)
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Fig.4 Hand specimens and micrographs of wolframite and scheelite within the quartz vein-type tungsten ore at the 450 m level of
the Chaishan deposit
a. Hand specimen of quartz vein-type tungsten ore; b. Hand specimen of quartz vein-type tungsten ore (ultraviolet light); c. Microphotograph of wol-
framite and scheelite; d. Fluid inclusions in scheelite; e. Fluid inclusions in quartz; f. BSE image of wolframite and scheelite
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Table 1 Electron probe analysis results (w(B)/%) of wolframite and scheelite in the Chaishan deposit

W= F MgO Na,0 WO, K,0 P,O, Rb,0O MnO Cr,0, CaO FeO TiO, MoO, Al
450 m 1 BB
cs-wi-1-1 0 0.01 0.04 7584  0.02 0 0.01 1428  0.11 0 10.16  0.05 0 100.52
cs-wi-12 0 0 0.00  75.14 0 0 0.01  13.92 0 0.01 1024 0 0.05  99.37
cs-wf2-1 0.03 0 0.09 7586 004 003 008 1412 0 0.04 1033 006 0.0l  100.69
cs-wf-2-2 0 0.01 0 74.78 0 0 0.03 1251 0 0.02 1253 002 005  99.95
cs-wi-3-1 0 0.02 0 7472 0.01 0 0 1313 0.03  0.03 11.88 0 0.02  99.84
cs-wi-3-2 0 0.02 0 7514 0.01 0 0.07 1153 0.00 002 1338 009  0.18  100.44
450 m B AT
es-sch-1-1 0 0.01 0 79.77 0 0.03 0 0.10 0 1928  0.04  0.01 0.14 9938
es-sch-1-2 0 0 0.06  79.93 0 0.11 0 0.11 0 1937 0.04 0 020  99.82
es-sch-1-3 0 0.01 0 7922 002 007  0.01 012  0.04 19.19 0 0 0.06  98.74
cs-sch-2-1 0 0.05 0.04  79.82 0 0.06  0.13 0.11 0.06  19.05 0.04  0.03 0 99.39
cs-sch-2-2 0 0 0.04 7979  0.01 0.06 004 005 002 1933 0 0 0 99.34
cs-sch-2-3 0 0 0.03  79.88  0.01 0.08  0.04 0 0 19.45  0.08 0 0.03  99.60
cs-sch-3-1 0 0 0.06  79.89  0.01 0.10  0.06 0 0 19.53 0 0.03 006  99.74
cs-sch-3-2 0 0 0.10 7981  0.01 0.09 012  0.03 0 1942 0.01 002 003  99.64
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Table 3 Trace element data (w(B)/10™) of wolframite and scheelite in the Chaishan deposit
W5 Rb Sr Y Zr Nb Mo Ti Sn Se Ta U Ho
450 m 1 BB AT
cs-wi-1-1 0.03 0.07 31.29 108.33 6754.99 33.85 82.56 174.31 563.19 785.61 22.45 6.41
cs-wif-1-2 0.50 1.99 67.62 455.78 14979.00 37.40 359.23 875.75 1228.23  3438.76 123.62 12.17
cs-wif-1-3 0.03 0.07 25.42 80.42 5112.27 36.81 60.83 94.24 422.34 359.45 12.99 4.93
cs-wif-1-4 0.05 0.09 24.63 90.87 6522.98 48.20 111.66 97.60 479.36 907.44 31.45 5.17
cs-wif-1-5 0.07 0.07 34.36 136.24 6712.60 40.06 147.30 179.64 615.71 502.59 26.35 7.07
cs-wi-1-6 0.04 0.07 29.33 98.52 5386.33 43.37 104.65 112.39 436.01 364.63 17.10 5.75
cs-wif-2-1 0.01 0.15 27.16 35.68 3411.50 5091 63.00 42.55 379.71 185.35 19.31 5.65
cs-wif-2-2 0.40 2.28 39.43 57.13 4687.90 56.00 137.28 82.80 45435 301.22 46.15 8.54
cs-wf-2-3 0.72 2.08 44.18 73.26 5407.18 58.73 118.87 103.43 503.84 495.30 57.40 8.94
cs-wf-3-1 1.52 10.47 41.77 54.17 4212.30 49.73 68.95 67.76 472.21 319.94 27.32 7.04
cs-wf-3-2 0.09 0.13 30.92 36.50 3248.31 55.88 77.67 44.35 374.64 178.87 22.00 6.46
cs-wf-3-3 0.05 4.86 24.58 30.63 2444.00 47.73 49.78 36.85 340.36 226.60 14.77 4.13
cs-wf-3-4 0.34 0.10 14.02 29.31 1427.49 49.26 24.05 31.06 292.84 195.00 8.56 2.56
450 mh B HARY
cs-sch-1-1 0.28 606.64  455.85 189.97 7533.44 87.48 3.05 34.16 0.00 0.08 0.15 20.40
cs-sch-1-2 0.07 608.04  187.00 125.38 6544.74 59.60 1.78 63.10 0.06 0.04 0.28 12.05
cs-sch-1-3 0.47 647.24  271.68 51.71 4366.18 148.93 2.78 5.90 0.03 0.03 0.21 15.64
cs-sch-1-4 1.53 718.35  580.41 257.07 12949.58 140.06 3.68 91.90 0.54 0.17 1.70 27.97
cs-sch-1-5 0.87 383.62  398.82 86.23 5391.34 60.46 1.72 102.98 0.16 0.14 0.50 18.05
cs-sch-2-1 0.15 608.96  352.43 137.44 8320.97 60.49 0.74 165.21 0.12 0.04 0.22 20.04
cs-sch-2-2 6.66 659.80  305.66 127.96 9573.30 75.27 1.36 183.58 0.19 0.28 2.81 18.95
cs-sch-2-3 1.57 529.33  425.57 257.42 10293.49 97.18 1.95 192.73 0.21 0.11 1.01 23.41
cs-sch-3-1 0.36 238.24 65.10 10.16 713.43 910.54 5.23 11.35 0.13 0.06 0.17 8.62
cs-sch-3-2 0.19 216.93 79.70 14.19 2854.37 858.43 4.01 133.73 0.65 0.32 0.51 9.71
cs-sch-3-3 0.11 446.84 76.58 61.70 5504.61 145.70 5.85 73.70 0.03 0.04 0.26 10.59
cs-sch-3-4 0.14 427.94 56.73 65.38 4727.78 73.15 1.81 139.08 0.09 0.08 0.22 9.13
10000 — 10000 o
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Fig. 5 Chondrite-normalized REE distribution patterns diagram of wolframite (a) and scheelite (b) (standardized values according
to Sun et al., 1989) in the Chaishan deposit
Date sources of this paper: the YaoGangxian deposit (Jiang et al., 2022), the ShiZhuyuan deposit (Wu et al., 2019)
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(10.17 x 1076~257.42 x 107%) | w (Sn) (5.90 x 107~
192.73 x1070) Je e /b 5t 1Y w (As) (0.74 x 107°~5.85 %
10°) .w(Ho) (8.62x107~27.97x1070) 252 , ¥ 437
F U Au Ni.Cu,Co L TARMIBE , & 3 HfRFIA
33 ARMAST NREEEEEHIE

P R A I A A R AR 2 A VA 1
AR (V-L A AR KN R 3.9~6.1 pm, “AHSY
R 23%~35% , A SARBA BRS04 (K 4d) 5 A4
e () YA A A G 43 A VRORE P A T R
PR (V-L ) W D ECR S SR A, SR AR A
KA F 4.9~18.6 pm, AR 18%~45%, 2K 5%
RARELIT A (Kl de) o SERZER R4, HAH TR
WA BRI —RFE AT 230.0~297.0°C , I {E 4y 220.0~
260.0°C, 7K 15 —9.5~—1.0°C ; £7 T 1 (1) AR 40 22 4K
¥ — A T 217.0~351.9°C , W { S~ 220.0~
260.0°C, VK 5. N—13.7~—0.7°C (% 4, 6)

4
4.1 Lol AFERKESET K E L

TR -PR Z P, Y A Ho H TAHIT Y B 12

TR FHL ARy, PO 1) EU A AT 48 7 B 9t 44k 5 (Bau et
al.,, 1995) o SE 1A de ik v PR 0 F A8 1) Y/Ho
FUAB 34 S IE AR G (8] 7a)  (H U9 19 Y/Ho LU BB
La/Ho FC A ()38 T & 80 Y 2 RO 8] (1) 38 1k k34 (&
7b) , 3K ] GE 5 LT A FR R R AR (R K R A
202 1) s AN AR IR AR A A 52 (Qin et al., 2020) .
P 1A 1 o0 2 LA =R A s e L R 1) ok
JB (Poulin et al., 2018) , £ bk 77 FH 238 19 BRAL A4
o AR X 43 1 28 3 80 P — 4 S E R (1] Sb)
I 78 LA AR B — R SR B . R, A e ik
Hh SRS R S R Y /Ho FUAE R 22 5 5 kb A A
(53 B 25 oA G (18 4e) , 256 Dk b RS0 R L A9
BRI Nb Ta 7 i (2 3) , R B WIE BY LA™ (4R U5
THAF AL BT 0K o Sl BB A 5 3 5 il A 2 ik
RIS 1 o0 R FC B AR, (H 5 & 1] 4K
IR (& 5a) o S8 LAk A AR 0 F B s
KGR R TR = S T A L, =
FEEL AR [R] f0 SF HERRT B J A9 67 Bu S %, (HL4E 1L
B CER TR RO A B2, HE N
f£La.Ce.Tm.Yb Al Lu% t K (& 5b),

AR SRR, AT ) Mo T As B it hl D
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Table4 Test results of fluid inclusions in scheelite and quartz within quartz vein at the 450 meter level of the Chaishan deposit
FEARERAT o
(e HH @jf/::jz SRS BU% VORI ILC w(NaCrIE V% e
eq
VEp S V-L 4.5x9.0 23 -5.0 7.86 269.0
FE V-L 6.0x15.0 28 -10.0 13.94 269.0
VEp S V-L 3.2x8.0 45 —6.0 9.21 269.0
VEp V-L 4.6x6.7 33 2.0 3.39 267.0
PEp S V-L 5.6x18.6 37 -5.0 7.86 250.0
PEp S V-L 4.1x14.9 18 -5.2 8.14 243.0
o V-L 5.4x7.9 22 4.0 6.45 238.0
PEp V-L 2.9x5.0 26 -3.0 4.96 250.0
PEE V-L 4.2x8.5 28 -13.7 17.52 246.0
o V-L 2.8%6.3 26 -11.0 14.97 351.9
VEp S V-L 1.7x4.0 22 -10.0 13.94 228.0
o V-L 4.2x4.7 18 -11.0 14.97 281.0
A% V-L 1.9%5.1 33 22 371 217.0
Y V-L 3.1x4.9 23 -0.7 1.23 241.0
SEEYTN V-L 3.2x3.9 26 -9.5 13.40 273.0
SEETT V-L 3.4%5.3 33 -5.6 8.68 230.0
SEETTN V-L 2.6%5.0 28 -2.1 3.55 260.0
SEEYN V-L 3.7%6.1 23 -5.9 8.95 275.0
SR V-L 2.9x4.7 33 -1.0 1.74 268.0
SECI7n V-L 3.2x5.7 35 3.3 5.41 297.0
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Fig. 6 Histogram of homogenization temperature (a) and sa-
linity (b) of fluid inclusions in scheelite and quartz within the

quartz vein at the 450 m level of the Chaishan deposit

S BT A 858 1) S8 A 8 )i 45 7 (Linnen et al., 1990;
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