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Early Yanshanian skarn W-Mo deposit in the southern margin of Songpan-
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Hf isotopes in Daniuchang area
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Abstract

Skarn deposits are an important source of W, Mo, Sn, and other minerals. Most of the skarn deposits in
China are distributed in eastern China, and the metallogenic epoch is mainly Yanshanian. The Daniuchang W-Mo
deposit, located in the Jiulong region of the western Sichuan Province, is a newly discovered skarn deposit in
the Songpan-Ganze terrane, and its genesis is rarely studied. The Tiechanghe granitoids in Daniuchang area are
mainly monzogranite with a small amount of syenogranite, while the tungsten and molybdenum ore bodies main-

ly occur in skarn. In this paper, zircon U-Pb dating, Hf isotope and molybdenite Re-Os dating are carried out
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for the samples from the deposit. The result shows that the zircon LA-ICP-MS U-Pb age for Tiechanghe gra-
nite is (166.0+0.9) Ma (MSWD=0.27), which is basically consistent with the molybdenite Re-Os weighted av-
erage age for ores ((166.8+1.7)Ma, MSWD=0.90), The age of intrusion / mineralization is Early Yanshanian.
The zircon g,(¢) ranges from —10.69 to 4.37 (average 0.84), and the model ages range from 1229 Ma to 931
Ma (average 1099 Ma) and 1884 Ma, suggesting that the granite may have been formed by the remelting of
the Paleoproterozoic and Mesoproterozoic crust in the basement of the Yangtze Block. Combined with the in-
trusion and mineralization ages published previously, there should be an important magmatic and metallogenic
event of around 166 Ma forming the granitic intrusions and related W-Mo deposits in the study area. The data

is helpful for mineral exploration in the Jiulong region and its surrounding areas in western Sichuan Province.

Key words: geochemistry, Re-Os dating of molybdenite, zircon U-Pb dating, granite, Songpan-Ganze, west-

ern Sichuan Province
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Fig.1 Geologic sketch map of the Jianglang dome and its adjacent areas in western Sichuan

afieaf

1—Quaternary loose sediments; 2—Triassic schist and slate; 3—Upper Permian sandy slate;4—Middle Permian basalt; 5—Lower Permian lime-

stone; 6—Carboniferous siliceous bands and quartzite; 7—Devonian siliceous rock and slate; 8—Silurian Siliceous rock and quartzite; 9—Ordovi-
cian schist and quartzite; 10—Tuff of Suxiong Formation; 11—Jurassic granite;12—Neoproterozoic granite; 13—Normal and reversed attitude;

14—Measured geologic boundary and angular unconformity boundary; 15—Measured strike slip fault and measured reverse fault; 16—Detachment

faults; 17—Tungsten molybdenum deposit; 18—Copper-zinc deposit; 19—Gold deposit; 20—Yalong River and its water flow direction
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Fig.2 Geologic map and sample location of the Daniuchang mining area

1—Tiechanghe granite; 2—The first member of Zhagashan Formation, slate; 3—The granite pegmatite; 4—Marble; 5S—Skarn; 6—Tungsten-molyb-

denum ore body; 7—Sample location of granite; 8—Sample location of molybdenite
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Fig.3 Structural deformation and ore minerals in the Daniuchang mining area

a. Strata deformation in First Member of Triassic Zhagashan (T,zg') Formation; b. Banded scheelite, sky blue fluorescence under UV lamp;
¢, d. Ore mineral composition under scanning electron microscope, c is scheelite skarn, and d is natural bismuth-bearing skarn; e. Molybdenite skarn;
f, g. Radial molybdenite with deformation characteristics

Act—Actinolite; Sh—Scheelite; Di—Diopside; Bi—Bismuth; Grs—Grossularite; Mol—Molybdenite; Mb—Marble
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Fig.4 Microscopic characteristics of Tiechanghe monzogranite (a) and syenogranite (b) in Wulaxi area (crossed polars)

Mc—Microcline; Kfs—Potash feldspar; Mus—Muscovite; Bt—Biotite; PI—Plagioclase; Qtz—Quartz
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Tablel LA-ICP-MS zircon U-Pb isotopic data of the Tiechanghe granite
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2 34 66 287 0.23  0.04943 0.00035 0.17763 0.00201 0.02607  0.00024 169 17 166 2 166 2
3 39 72 193 037 0.04945 0.00042 0.17670 0.00225 0.02592  0.00026 169 20 165 2 165 2
4 177 45 35 130 0.07401 0.00110 1.55286 0.03907 0.15183  0.00213 1043 30 952 16 911 12
5 116 167 741 0.22 0.04973 0.00021 0.17950 0.00207 0.02618  0.00028 189 9 168 2 167 2
6 82 103 500 0.21 0.04949 0.00025 0.17908 0.00198 0.02625 0.00026 172 11 167 2 167 2
7 7 20 118 0.17 0.04911 0.00098 0.17532 0.00442 0.02594  0.00053 154 46 164 4 165 3
8 90 125 335 0.37 0.04977 0.00041 0.17885 0.00330 0.02605 0.00041 183 23 167 3 166 3
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Fig.5 Zircon U-Pb concordia diagram(a)and weighted average dating (b) of the Tiechanghe granite
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Table2 Zircon Hf isotopic compositions of the Teichanghe granite

ML 4F#/Ma  70Yb/THE 26 6L/ TTHE 26 VSH/ TTHE 26 e(0) g, (1) T Tosia
PMO07-2
1 166 0.040515 0.002037 0.000670 0.000023 0.282746 0.000019 —0.94 2.64 711 1041
2 166 0.061467  0.000448 0.000992 0.000008  0.282726  0.000028 -1.62 1.91 745 1088
3 165 0.150114 0.004686 0.001820 0.000053 0.282799 0.000026 0.94 4.37 657 931
4 911 0.035071 0.000337 0.000565 0.000003 0.281967 0.000026 —28.46 —8.67 1786 2319
5 167 0.075929  0.001397 0.001214  0.000021 0.282726  0.000023 -1.63 1.90 749 1089
6 167 0.051081 0.000408 0.000852 0.000002 0.282700 0.000022 -2.54 1.03 779 1144
7 165 0.045439 0.002054 0.000826 0.000044 0.282700 0.000018 -2.53 1.01 778 1144
8 166 0.025907  0.000612 0.000484  0.000007  0.282668 0.000022 -3.67 -0.08 815 1214
9 166 0.076393 0.000596 0.001292  0.000016  0.282371 0.000023  -14.18  -10.69 1254 1884
10 606 0.031990 0.000547 0.000534 0.000012 0.282639 0.000022 —4.69 8.47 857 1010
11 915 0.067331 0.000968 0.001279  0.000015 0.282063 0.000021  -25.08  -5.63 1686 2133
12 172 0.031692  0.000455 0.000648 0.000018  0.282682 0.000017  ~3.20 0.51 801 1181
13 165 0.071802 0.000717 0.001268 0.000009 0.282664 0.000021 -3.81 -0.32 838 1229
14 166 0.042461 0.000503 0.000818 0.000008  0.282767 0.000020 -0.18 3.38 684 994
15 166 0.050142  0.001218 0.001071 0.000043 0.282684  0.000019 -3.10 0.42 805 1182
16 165 0.085432 0.004657 0.001617 0.000089 0.282721 0.000025 -1.79 1.66 764 1103
17 532 0.014854  0.000138 0.000264  0.000004  0.282131 0.000019  -22.68 —11.07 1549 2183
18 166 0.037516 0.000811 0.000682 0.000015 0.282678 0.000022 -3.32 0.26 806 1193
19 221 0.080903 0.001981 0.001365 0.000040 0.282308 0.000023 -16.40  -11.75 1345 1992
20 165 0.180642  0.002065 0.003109  0.000095 0282800  0.000028 0.99 4.28 679 937
30 *3 LRIZEXFFBEYT KPIFEYT B FREBS
S0k B2 Table 3 Electron probe analysis of molybdenite from the
Daniuchang W-Mo deposit in Wulaxi region
10 ® w(B)/%
N SRELBE e :
0 SGE Mo Re S Os psyii|
T 4 i N2~ 3503 THQ-P2-1 55576  0.073 41487 034 97271
S; \%\,1“ 3 THQ-P2-2 56112 0.089  41.759  0.014  97.973
i THQ-P2-3 55407  0.111 42480 0032  98.030
~30p
4o (166.0+2.3) Ma (MSWD=1.5) , Jill £ F- £ 4F #%
7500 SIOO 1600 1;00 2600 2;00 3000 (166'8i1'7)Ma(MSWD:O'9O)O
F#&/Ma

Ko kI AL P B A 4R I -e,, () i

Fig.6 ¢,(t) versus age diagrams for zircons from the

Tiechanghe granite

FE il H Re ) & 5 R L 3K, w(Re) M (3.904+0.032~
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Table 4 Re-Os isotopic data of molybdenite from the Daniuchang W-Mo deposit in Wulaxi region
5o ) w(Re)/1076 w( 08)/107° w("$Re)/1076 w(*0s)/107 FEAR IR/ Ma
ELRg mg ; - N 3 N X N X ~ N . R
WEME  ANHRE R WEME A WEM  ATEREE WEE A WEE AW
WIX-M1  0.05 15.52 0.13 2.957 0.059 9.757 0.083 26.69 0.21 164.0 2.3
WIX-M2  0.03 16.75 0.13 2.526 0.029 10.53 0.08 28.83 0.23 164.2 2.3
WIX-M5 0.03 19.85 0.19 3.585 0.042 12.48 0.12 34.46 0.27 165.5 2.5
WIX-M6  0.03 20.86 0.15 2.482 0.022 13.11 0.10 36.95 0.29 168.9 2.3
WIX-M7  0.03 18.59 0.15 2.101 0.024 11.68 0.10 32.92 0.27 168.9 2.4
WIX-M8  0.10 4.445 0.034 0.1039 0.0037 2.794 0.021 7.867 0.062 168.8 2.3
WIX-M9  0.10 3.904 0.032 0.0757 0.0035 2.454 0.020 6.847 0.057 167.3 2.4
172
40¢
170
30f
S 168
=
g i
ﬁ; 20t pil 166
S =
- 164
10p I
Mean=(150.0cs2.3) Ma 162} Mean=(166.8+ 1.7) Ma(n=7)
it i e MSWD=0.90
Initial "'Os/ "0s=0.08 = 0.18 probablllty:049
0 - - ; 160
0 4000 8000 12000 16000
187Re/1XSOS
7 SRR KT Re-Os SRR AN 4F i &

Fig7 The diagrams of molybdenite Re-Os isochron age and weighted average age of the Daniuchang W-Mo deposit in Wulaxi region

B (N FE V45,2007 ; i #E45E 2011).,

P - H A A 2 55 5 0 1459 Sm-Nd 45 i
LRAFE Y M (182.0+9.2) Ma (K ER A ,2007) , B 5 B bk
A R TR AH 5 Re-Os [l 7 Z 4RI K (211.9+
6.5)~(213.3+2.9)Ma(# 9455 ,2017) . ASCHRAF LI
BRI XY K A RUAE 4 Re-Os A YME
(166.8+1.7)Ma, 54k [ 4£ i 7 LA-ICP-MS £ f1
U-Pb 4E#% ((166.0£0.9) Ma) 7515 25 71 il P A — 3
(Tan, 2014; 25 [F 445, 2016b) . FIRAEBHFS T
KA HERD T BT 1L R 1 S5 16 5 5 A R R
FHIR, 535 5T W-Sn-Be B R FUBR I 43 8 5 R 19
BT AR R GG 25 5, R L Hb X FE~166 Ma & 7=
T 5 W-Mo i b4 G A 25 3

B HE A A7 38 I o OB AR % 28 £k T 1884~
931 Ma Z [i] , & 1229 ~ 931 Ma (¥4 1099 Ma) Fl
1884 Ma., W5¢ BoR , % T Mk P 2 2 BB 0] BEJE 1

F1.1~1.0 Ga(Cui et al., 2021) , 4% 7 Hb B b 76 2k 1Y
03 2% 5 R A TN A R 72 BT AT % (1848+5)
Ma (Hui et al., 2017) , H G4 2% 54K & 3047 1.85 Ga
() A, 16 5 2 M2 1.78~1.85 Ga Y HEE 25 ik (X 45 46,
2017) o PRI, AR SCHP AR AT B db R S A HE Z B B
FARIE R TIZAE K A Y TR DX 0] B8 A 4% 1 Hi gk
FE ool S hoT i A TS AT Y
52 TERAERBEEZSEBETKHNXR

KA R 58 18 b A PR fE 23 7] L%
PIAHSG, FE AN IERAER A M KA S &
A HERAE 22 AT R W, k)] A AR 2 R Si0, \Na,O
K0 % ik, /5 FeO/MgO Ga/Al HL1H , DL KA TiO, |
CaO FlI MgO & &7 1iE , MR T A BRIE A (AR =
45,2014a) o A TUAE i< 7 1 BE BT R 9 4 1 T
5o, N B K CAE 3 L RTER BT AE B 7 (Loiselle et
al., 1979) , LA ik & B RAES R A = iR AR
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MRAEICEE,2017) . ATIIER A EE 58 45 45
£ AR K 4 7= 5 (Dall’ Agnol et al.,2012) . i
NWFFEINT , ST A K A 2 R Fils S
RUAE A WA - H i e At 24 25 5 10 W-Sn-Be 7 IR
HESE 5 A RUAE 5 5 25 UIAR OC (RIR S5, 2007) , 18k
MR A WEIEL A ALK A (AR %,
2014a) . PRI, A R0 i 2 0 AT DO RS B0 AT IR Y
WHEA
53 MIEETERMFEN
53.1 TR

EL R 38 A FA T - H Aot X A AE a5 B AF % A
220~205 Ma Jy 3=, K20 TRIZE B 75 F1 S U AE b
(e B %5, 2005 ; Zhang et al., 200632007 ; Weislogel,
2008; Xiao et al., 2007; Yuan et al., 2010; 2% % B 45,
2010; Roger et al., 2004; 2010; Sigoyer et al., 2014;
Chen et al., 2017; X| K HH ,2018; Fei et al., 2020; Yan
et al., 2020; Zhan et al., 2020) , Ifij 4F {4 T 4E i1 25 00y
A FIAE i % (Zhang et al.,2007) ; /0 F5 4E i 25N 165~
150 Ma(Wallis et al., 2003 ; J& % = 45 ,2013; 2014a;
A [ AE 4, 2016a; Dai et al., 2017; 4 44,2018 ;18
dEE,2019) , Hoh A BIAE 5 A (JH K = 55, 2013;
2014a) o JUIE S IR R AR I b DX 1A e 5 44
SR - H AR 220 ~ 205 Ma I b7 il 4 1 45 134 5
Wi 24 40 Ma A A7 A3 1 B S 5% s [ 246 1L U it e
AT 2 o %) A 1 B A1

DX IR TS 5 @R, H A0 BEGE I ) VG 0 i A 7 06 20
AEWE 2 0 216 Ma( 215 ,2015) , S - H Ao X
KN 216 MaF #4015 — 2 (Wang et al.,2011) , 18
T RN - T A0 DX il AR e 1L A AR Y BT R B
VLR M X 5% 18 B o K 2 ot 4F i B i > 214~206
Ma, f8 3R LS R 25 5, R ARG - H PO XA A
el b 5 I JEE ) 45 o (IR L JE L 2019) o AR SOIRTHER T
TIAE B A 200 166 Ma, AR F AR -H flob b g 2%
A R Jr 1 = WA I TR BT A - TP L W
300 -3 CRIERE 3 1) =22 i, B A P A e o e 1 I
I (K =5 ,2014a; VP55 ,1992) o BRI, 86T
TATAE ) 275 A B G - P50t e A B S 0 5% s 1 1
FUI A Jre ) 1t AT e 5 6 7 ), A XL R A 30
A 35 1) AT A Sl e 48 114 DG B () 1 A5
532 HuEE XL

PVR) W AE i m MR ARG i R T
JU I HiL X 166~150 Ma 1] [H] b Tt Ji& i) #4) 3 75 5% .
XANTE 50 e AR Z R 3, HTLIR S R
R TR B P T R A B Fy . BHRIE R AR
WMo S B TCR & i, A X EE R
TR AR EHET R TR BB AL T FRIERN U . el
BRI AR 5 5 AR A b2 ™ A B Al AR B A SR AR
YERT fEd i St HIE Sy R om . aic e, =& &
FLARL A b2 LSS | 46 b A AR R AL RS BHAE LA T
2, BIFERY Ry L R IR B T ROV S B 4

A
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Fig. 8 Schematic geologic section showing the skarn and orebody (modified after Zhang, 1974 )
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1—Tiechanghe granite; 2—Skarn-hornfels; 3—Skarn; 4—Marble; 5—Orebody
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ARSI 1 R 2A BV AR i TR R 2~
4 km (fF = A2 46,2004 ; T AR AE, 2009 R4,
2018) o TER) TRIAE 1 5 B A R K AR AR
7R BRI AR A AR 4R T3 58 R EE K 2 R 2170
mCIEJEE, 2019) , © I8 B EH A IR B TR L, iR
DX P SR R AT R RE T8 A7 B TR AR o B AN HE
FA A s W R R AT R
RIAT KW ST, F 2 LR AR 57 3 ih
AIIEHE 2 — CELERESE ,2013) o R, I 05 L e
VLR 5 W B LA PR B - 5 SH T 1 4R B R A
[Fi] Fsf A0, 17 =% B L e b DX [ T S ok 0 R D7) 1 R 1)
S BB T AR DR AR TR 2 MIH R FR R . X —
P B R TR b X R H R 2R TR SR TR
Y% o

6 4 it

(1) #fE T RAGW R A MEHEZ SR IRY
HAE IS R (166.8+1.7)Ma, X —A4F #4548 T 1E 5
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(2) AL I HE R 2 3R W] 5 2 50 o™ -4k
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0% 7 1, A R AR B0 s ) RV Y A i 3
TE U b DX J 0 i
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