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Abstract: In recent years, geologists have paid more and more attention to the potential of tungsten and tin metallo-
genic of Caledonian batholith in Nanling metallogenic belt. In order to evaluate the tungsten and tin metallogenic
potential of the Penggongmiao pluton in Hunan Province, mineralization age of the Shiniuxian tungsten deposit,
diagenetic age and geochemical characteristics of biotite granodiorite from the Penggongmiao pluton are analyzed in
this paper. The LA-ICP-MS zircon and monazite U-Pb ages of the coarse-grained biotite granodiorite of the Peng-
gongmiao pluton are 436. 1+2.5 Ma (MSWD=1.9, n=19) and 436.8+2.8 Ma (MSWD=2.7, n=20), respec-
tively, while the muscovite * Ar/* Ar isotopic dating of the Shiniuxian tungsten deposit has a plateau age of 150.2:x1.2
Ma (MSWD=0.42). The results show that the diagenesis of rocks occurred in Early Silurian, while the mineralization
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of tungsten is dated to late Jurassic, and there are the products of different magmatic activities. Compared to the

typical tungsten-tin granite in Nanling metallogenic belt, the Penggongmiao granite has low degree of differentiation

and low content of ore-forming elements. In addition, the Penggongmiao granites are mainly derived from the poor-

clay metasandstone of the upper crust, while the typical tungsten-tin granites are usually derived from the rich-clay

of the upper crust material. The above evidences indicate that the mineralization potential of the Caledonian Peng-

gongmiao pluton is limited. Finally, on the basis of comprehensive previous research results, the authors point out

that the metallogenic potential of the Late Jurassic granite dikes or stocks in and around the Penggongmiao batholith

should be evaluated by integrating geophysical, geochemical, structural and alteration information.

Key words: tungsten tin deposit; geochemistry; diagenetic and mineralization age; metallogenic potential; Peng-

gongmiao pluton
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Fig. 1 Structure-magmatic diagram of Nanling area (modified after Xu Xianbing et al. , 2021; Yu et al. , 2022)
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Fig. 2 Geologic sketch map of the Penggongmiao pluton, Hunan Province (modified after Bai Daoyuan et al. , 2006;
Li Shiqian et al. , 2013)
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The age of biotite monzogranite is quoted from Yuan et al. , 2018a; Zhang Wenlan et al. , 2011; The age of the two-mica monzogranite is quoted from

Xu and Xu, 2015; Xu Wenjing, 2017; The age of biotite granodiorite age is measured in this paper; The Re-Os age of molybdenite and Ar-Ar age of

muscovite of Zhangjialong tungsten deposit are from Yuan et al. , 2018a; The Ar-Ar age of muscovite of Zhenkou tungsten deposit is quoted from Yan

Chen et al. , 2019; The Ar-Ar age of Muscovite in Shiniuxian tungsten deposit is measured in this paper
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Fig. 3 Hand specimens(a) and photomicrograph (b, plane light) of biotite granodiorite, hand specimens(c¢) and
photomicrograph (d, crossed nicols) of tungsten-bearing quartz vein
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Fig. 4 Geologic sketch map of the Shiniuxian tungsten deposit( Geological Survey of Hunan Province, 2015) b
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Fig. 5 Zircon CL (a) and monazite BSE (a) images of the Penggongmiao biotite granodiorite
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Fig. 6  U-Pb concordia diagrams of zircon (a, b) and monazite (¢, d) grains of the Penggongmiao biotite granodiorite

2(2003) 11 A AT 2 S 41 AR E N 772 ~
799°C, “F-¥1786°C

DIASYR SN B 436. 1 Ma #E47 HopLR 28 25 B1 46
RN ARG Sr Al Nd T, 2 (RS (YSe/%Sr)
{84 0.711 300 1~0.717 229 6, "*Nd/"“Nd {6 K
0.512 014~0.512 020, &Nd(¢){E N -8.60~-8.28,
T BE Nd AR N 1.87~1.84 Ga(F 4), 5
AR AR T RKALK A (YS/%Sr), =0. 712 30
~0.718 31, "“Nd/'"Nd 4 0. 511 989 ~0.511 992,
eNd(1)=-8.7~-8.3, t,,,=1.87 ~1.84 Ga(Hiifiit
502006) ] A1 B K AR A [ (YS/®Sr), =
0.715 840~ 0. 717 284, "*Nd/"“Nd = 0. 511 981 ~
0.512 078, eNd(1)=-8.7~-7.3, 1, =1.88~1.77
Ga(Xu and Xu, 2015; #R3C5t, 2017) | BAA —201
Sr-Nd [A] i R HFE
3.3 A=HYAr/ Ar R ENE

A1 AT TR A =B Ar/ % Ar [R5 25300 4F &5 S

YT 5, FEAY ZK19-1 £E 1 050~ 1 300°C £ 5 4
BT BLEA 66% 7 Ar BECED, PRAEIE N 150. 2+
1.2 Ma (&l 9a), SEBFZAEHY R 151. 1+1. 5 Ma,
OAr/CAr WA FUAE A 312.3£10. 5(E 9b) , HIL
KA L 7 5% 25 5 Bl — 20(295. 5, Qiu and
Wijbrans, 2006) , Uil 2B B 45 di LR X8 FI R
(R AIA R | 150.2+1.2 Ma 1832 T 1 B BH055 5
AR

4 HHE
4.1 BAFEEERRNSTHERRK

BN E R B4 R B I 3k
98 LAl P I SR S AN B (1) o 1T AIFIEIA
o 5 B UK R R LRI L3 5 B S 5824 ¢
W™, TR 5 KA 1 A 7 0 B 3 R
(FRE/E%, 2011 204, 2013) , TR 22
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Table 3 Major (w,/ %), REE and trace elements (w,/107°) Sl
of the Penggongmiao biotite granodiorite . o o]
Sr O
5 ZJL19-1 ZJL19-2 ZJL19-3 7J1.19-4 Sl
‘ W R Q. g
Si0, 72. 65 71.12 69. 46 68. 80 o 4F ? + +
Ti0, 0.50 0.61 0.50 0.67 5 A~ * o
AL, 04 13.19 13. 54 15.11 14.58 2 . © BRI
Fe, 05 3.08 3.63 3.05 3.95 B
MnO 0.06 0.07 0.06 0.08 )
MgO 0.86 1.02 0.89 1.17 : HER
Ca0 2.03 2.37 2.36 2.31
Na, 0 2.51 2.49 2.73 2.76 Lf
K,O0 4.27 4.03 4.74 4.14
P,0s 0.12 0.14 0.12 0.15 L I s
40 45 50 35 60 65 70 75 80
LOI 0.22 0.32 0.38 0.63 w(Si0.)/%
Total 99. 48 99.34 99. 40 99. 23
Na, 0+K,0 6.78 6.52 7.47 6.90 b
K,0/Na,0 1.70 1.62 1.74 1.50
A/NK 1.51 .60 1.57 1.62 T
A/CNK 1.08 1.09 1.11 1.13
DI 82 79 79 77 16l
C(HIE) 1.03 112 1.49 173 o
Rb 213 184 191 296 \ e
Sr 9 106 130 150 AN
Y 39.2 43.0 34.3 38.9
Zr 156 159 135 183 3
Nb 11.3 13.0 10. 6 14.5 “I
Cs 32.4 27.6 39.0 62.0
Ba 496 432 548 526 o
La 43.9 43.0 40.0 37.3
Ce 83.7 82.8 75.5 71.3
Pr 10. 10 10. 00 8.99 8.51 0.8 L L L
0.9 1.0 1.1 1.2 1.3
Nd 38.2 38.5 34.5 32.7 A/CNK
Sm 8. 14 8.43 7.31 7.22
Fu 1.07 116 126 126 B 7 AR R I K T R 1) K, 0-S10,(a,
Gd 7.67 7.98 6.88 7.10 .
Th 1.31 141 115 123 i Peccerillo 11 Taylor, 1976) 1 A/NK-A/CNK (b, #
Dy 7.71 8.45 6.98 7.70 Maniar Fl1 Piccoli, 1989) HuERAL & fi
Ho 1.56 1.72 1.38 1.59 Fig. 7 K,0-Si0, diagram (a, after Peccerillo and Taylor,
Er 4.29 4.77 3.69 4.22
Tm 0.68 0.74 0.57 0.69 1976) and A/NK-A/CNK diagram (b, after Maniar and Pic-
Yb 4.32 4.94 3.80 4.51 coli, 1989) of the Penggongmiao biotite granodiorite
Lu 0.57 0. 66 0.52 0. 60 X - — L i g g -
IR KA A Chen %£(2019) ; B\ H
e 456 4 84 400 s 45 ﬁiﬁiv imw K &IYJE?(‘}%?Q en %£(2019) B/L\J?ﬁ‘/ =
Ta 1.09 1.30 102 167 T RAERA RIS | A RAIEE S (2006) \Xu 1 Xu(2015) &3
\ 1.36 7. 14 1.23 2.85 5(2017) 3 0 MR B TR AE R E B S| B RE I 45 (2006)
Pb 31.7 31.4 27.4 26.1 The data of Yuechengling biotite monzogranite are quoted from Chen et
Th 24.0 25.6 201 19.6 al., 2019; Penggongmiao mica monzogranite are quoted from Bai
U 4.45 5.56 4.47 5.48 -
SREE 213.22 214. 56 192.53 185. 93 Daoyuan et al. , 2006; Xu and Xu, 2015; Xu Wenjing, 2017; Peng-
LREE/HREE 6.59 6.00 6.71 5.73 gongmiao biotite monzogranite are quoted from Bai Daoyuan et al. , 2006
(La/Yb) g 7.29 6.24 7.55 5.93
d3Eu 0.41 0.43 0.54 0.54 A B L 1 T
Ze/HE 34 33 34 34 B0 VS 4 A DKOE T 426. 52,5 Ma Y
N . o, e . SE(TRSC2E 5, 2011 ) IS — L 1L X R g
r . . . .
1,/C 787 787 772 799 WS 2 4 B AT IR (187 Sm-Nd FE I 2R 4F 13417 +

DI FIR £ 4 F i 57 5 I3 & 45 (2021)

35 Ma, #VEAEA U-Pb 4F#l 425412 Ma, B TERA
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Fig. 8 Chondrite-normalized rare earth element patterns and primitive mantle-normalized trace spider diagram of the
Penggongmiao biotite granodiorite
FRAL B AT bR v AL (P Taylor Hl McLennan( 1985) ; JE LA bR AL (E S Sun A1 McDonough ( 1989) ; L€ QAT
chondrite normalization values after Taylor and McLennan, 1985; primitive mantle normalization values after Sun and McDonough, 1989;
data are the same as Fig. 7
*4 HREBZHEHNKE Sr.Nd B ELE KeIg o iy ¥ 2 & J8 0 R (U 48 i % LA-ICP-MS
Table 4 Sr and Nfl 1sot.0p.e concentlzatl.ons of the H 0 U-Ph 4F S 408.3+3. 5 Ma, F149H Sm-Nd A}
Penggongmiao biotite granodiorite \ T e
A 1 7R ey
o Ao e LRAFEIE 401.549. 4 Ma, FH %, 2017 %n;leﬂ:\ kH
S b - R pi=N:= o mEina i 4
YSr/%Sr(£20)  0.751 339(+0.000 009) 0.748 489(=0.000 010) PRPARAR AR, BERHTRT DA I A AL B o 2 1Y
BNd/ M Nd(£20) 0.512 020(£0.000 004) 0.512 014( +0. 000 005) R IR A | e SR
87 86 .
e, R 7 296 8RR TR LR - L 28 T R
€ 1) — O- —o. S, S Y
oy’ Ga 1.84 1.87 %EP, IQJ:%YJEQQBEJE%Y@gEK%/ﬁ\E%ﬁE, EE%EE

ki WA S BN R RAIEA Iy 436. 1 Ma, 57773 5
F BRI SCHR Keto I Jacobsen ( 1987)

Ay 420~423 Ma, #EHT" Re-Os SEHFLRARIE 423+4
Ma; BR3CHH 4 2016) V- MEES 87 IR (B0 46 K %
LA-ICP-MS #5471 U-Pb 4Fi#% 430. 8+2. 4 Ma, M4HH"
Re-0s ZEMZRAF WS 432415 Ma, Chen et al. , 2019) L)

MARRNK S ot KRS Rt
KAE A4, A SCFIFH LA-ICP-MS 85 7 Fh J 41
U-Pb & AF 4R 15 2 2 BEAE i N FH AR 43301 Ry 436. 1
+2.5 Ma(MSWD =1.9, n=19) il 436. 8+2. 8 Ma
(MSWD=2.7, n=20) , 52~ KA A SIMS #5

ZAN

£1 U-Pb 4F#% 441.3+2. 4 Ma( Yuan et al. , 2018a) Fl

x5 HAEMRAFUET AZEAr/ Y Ar ERFENFEE
Table 5 *Ar/*Ar stepwise heating analytical data for muscovite of the Shiniuxian tungsten deposit
RE/C (YAPAn), CArPAn, (TArPAD, “Ar /% F(PAS/PAr) PA10%mol  PAv%  AERR/Ma +10/Ma
800 71.930 2 0.167 5 0.000 647 0 25.78 18. 54 8.44 10. 41 196.7 10.5
900 14.234 8 0.003 4 0.000 164 0 92.40 13.17 8.35 11.16 141.8 1.0
1 000 16.153 8 0.008 4 0.000 133 0 83.48 13.50 6.93 10. 52 145.3 1.1
1 050 21.361 2 0.022 8 0.000 031 0 65.97 14. 11 4.13 5.97 150.5 1.8
1 100 21.893 6 0.024 0 0. 000 052 8 65.03 14.25 5.21 7.52 152.1 1.9
1150 19.151 7 0.0159 0. 000 039 7 73.47 14.09 7.75 10.2 150.3 1.5
1200 17.640 0 0.011 3 0.000 039 4 79. 66 14.07 8.18 11.52 150.1 1.3
1250 16. 695 9 0.008 3 0.000 053 5 84.21 14.07 13.6 18.22 150.2 1.2
1 300 16.311 3 0.007 4 0. 000 053 9 85.62 13.98 9.70 12.57 149.2 1.1
1 400 17.267 3 0.009 6 0.000 498 0 82.23 14.22 0.78 1.91 151.6 1.8
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LA-ICP-MS #5437 U-Pb 41 436. 2+3. 1~435.3+2.7
Ma(5K3C=24F, 2011) MBI G, WS At RKAE XA
LA-ICP-MS #5471 U-Pb 4E#% 43624 ~433+3 Ma TFik 2%
T B N —30( Xu and Xu, 2015; 305, 2017), %W
TN RAE R A R B A RS Sy 4
ANV RO Tk K B0 IRACTH , 4"
TR RKAR AT, FEH R £ Sk
M m A8 Ak A = B A A FEAR i
150.2+1.2 Ma, 5 Yuan % (2018a) FRAEH) 7K 52 2845
WIR = B2 B 0 JKOESH B Re-Os 5 B £k 4F %
160.4+2.2 Ma H =B Ar-“ Ar FE4 4 153.5+1. 0
Ma —3, W 5IN LT KA =B 148. 0£0. 7 Ma
(9% Ar-* Ar FPARRSARL (™ R2 55, 2019) o IEAh, B

4

IRZRES ™ FHEAR b AR AA TR T g 477 el LA B IR
FRIEGT TR 1 2 B Ar/® Ar AR 23 514 151. 6
+1.0 Ma F1153.1+1.0 Ma( Yuan et al. , 2018b) . *i
AR EdR =R, KNS IRIE i T i ok 2
M BT A% G /N T 52 20 A AR OB B (i S22
4 2011; Yuan et al. , 2018a, 2018b; A3L) , A
R 1R S AR A RIS AR E R R
4.2 B rEEREARBERRT &N

LN RARB AR N K S Bat Kk
K E I m BEAE R A Si0, 5 CaO \MgO |, Fe, 0, . TiO,
FERMMIEER, 5 K,0 fl Na,0 ZIEFHLEKR (K
10) , RUTEATA] R R [ — 5 3 Ak i 7= 4, W &
BT EEN0.67%~3.11%, A/NCK KT 1.0~1.24,
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Fig. 10 Harker diagrams of Penggongmiao pluton(legends and data are the same as Fig. 7)
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FRE(E 11a) . REEERAE (VS se), 224k
JEEEEL R, S 0. 711 130 ~0.718 310 (-3 0. 715
474) , B KB Hb 5 S ¥ {H 0.719 W& /) ( Faure,
1986), eNd(t) N-8.7~-7.3(F#-8.3), 55zl
S AL A A [ R ARAEAHAT (] 11b) , {HJE = 4B
AT AHXS 8 8 BT GRS, 5351 R 772 ~ 800°C (°F
¥ 786°C ) 763 ~815°C (V- 793°C ) Fl 758 ~ 805°C
(P 780°C) , B & T S BUAE i< A 10 2 i R
764°C, M5 1 8L AT 2 B 781°C ( King et

A

ENd(1)

A 11
Fig. 11

al. , 1997) FIFF, B BEAE B N A T FR A< Fli fi
B NI 10% NG, HAING AR ER
mr, WA R HEA T AU A MR (R 48 o0 %,
2007 ; 5RIAZESE, 2009) o BRI FHENN AR A5 6
PR AL 4 5 38 36 75 A5 W & 43 F, A/NCK {5l
1.0~1.28, JE LR E -1k 802°C, A& M N A 5%
W, AR S BAE R 7 (Chen et al. , 2019) , H
S, REUALE IR I R AL A AR L S R T ALAE
5 B Bk AL 2F R (R 4R 44 | 2022)
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Genetic type discrimination diagrams of the Penggongmiao biotite granodiorite(legends and data are the same as Fig. 7)

a—ACF [Ef[ #i& Hine 25(1978) 1; b—eNd (1) (¥ Sr/%Sr) | &I (it K&, 2005)

0.76

a—ACF digram (after Hine et al. , 1978) ; b—eNd(#) —( 87,86 Sr), diagram (after Ling Hongfei et al. , 2005)

BE, PR TR BRRL A bR TR i 5 A il
AYHCARME , LREE/HREE 43314 4. 32 ~10. 52 (°F-3
7.27)F17.55~18. 11 (F¥12.56) , HEEHEN Eu
fH, SEu fH2 90 0. 25 ~0. 84 (1 0. 46) Fil
0.33~0.43 (3 0.38) , {HIX 5 Rg 04 Hi X rfr AR £ it
R 5880 RA LML A HA R oo R
TS 220 BRI (PP LREE/HREE =4.2~5. 3) Al
FRZIH Bu 1 5% (8Eu=0. 10~0. 30) X I8 B, 7&
T TCR I I, BRI N A R R e Ly A AR
BRESAE i) -5 R U b DX v A A B8 AR A A e o L
HEHE Rb . Th U Pb Zr L&, T Sr.Ba P A
Ti FICRERE, B EMTMERE FirE 55
H WA KN ZERE,

SO AR AR DI =69~90, B Zr &
T (108x10°°~249%10°°) \Nb/Ta=5~17(F 11)
N Zr/HE =20~ 42 (SF3 30) DL K B3R JC R AHAE

ABFE N AR AL R T — R A S 5
T AR LY Eu 7 5 5 46 78 AT BB A ZE I B 55 I RHE
AEE ST ES . (05 R0 BT A A LY 1Y) B4
BB AL A AL, 3228 T AR o3 S A B i 55 (I
12a.12b) . BAKIMITH, ZaBER A 5 BRE D
Iy, EERBAE N S S E(DI) (82~90,
4 87) .CaO/ (Na,0+K,0) {H, HAKFK Rb/Sr (Al
SEu fH, 5 8udn Bty 2B AR R 4K 1 2 AH X A 1Y)
oy SRR,

A EAREMRAS Rb/SrE R 1,18~
5.23(°F12.61), Sm/Nd {H N 0. 19 ~0. 24 (F14
0.20), Ti/Y {4 26 ~197 (-3 86) , Ti/Zr fH > 8 ~
23(C°F18) , HokIE T HIse i A K A B — 30 b
BRAEFE R (Rb/Sr>0. 5, Sm/Nd<0.3, Ti/Y<100,
Ti/Zr<20, Tischendor and Paelchen, 1985; {4,
1990) , #8757+ 2 ] e ok U8 1 Hb 52 49 i 1 AH X 2
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Fig. 12 Diagrams of Ca0O/(Na,0+K,0)~-Rb/Sr(a) and Nb/Ta~Zr/Hf(b) of the Penggongmiao biotite granodiorite ( tungsten

and tin granites of Nanling metallogenic belt after Qin Zhengwei et al. , 2022; legends and data are the same as Fig. 7)

— ) eNd(t) 1B (-8.7~~=7.3) Fll t,, H(1.88~1.77
Ga), g Ue AR RS AL 5 A BRI eNd (1) {E
(=12~-8, P K -8.9) A LA 1, M (1.9
~1.5 Ga, FYIE N 1. 68 Ga) ML, HAEESHZAL T
e AT FE R AL T (L2 P (] 13a) , UEBAEATHY
P B Tk ol (ST D BB A el B
JRAT Sr-Nd FNék 47 HI-0-Li &5 [ 2o 0, mEid
H AR AR T 1 2 R R IR T AR s 1 T
Wy 0 43445 il ( Zhang et al. , 2017; Yang et al.
2018) , N AR Se-Nd [R 2 e ik 2k
O3AR, R HA R IE T _Esie ([ 13b)

PN RAERARIE R A Harker B iR R
UG (B 10) , AL - e R Al TR
A (K 8) LU —iy Se-Nd [Rfv R4 AL (K 11b)
VLA BT R A AU B, 2 ] — B 2 A 1)
Y. A/MF-C/MF [EIff b 7R 320 i 25 A 3 A2 28 o
FMP A R A, (E A H AR S I AR e
AR P e A X I (& 13¢) , $8 78 7] BEAF A6 A ]
HIRARKIRE . AFEAEMEZ TR I HER 2
R4 B 2 PE e R (MBS, 2006) ARELIY La/
Sm-La K Z& (FIEILE, 2006) LK MgO Fl FeO" %K
VLA AR A E S T A A e s (Eg) . B4
i R A DA TR A A, 2 N [ R R 1 2
REA NN SAAFIEE, fIXC&ieR TER A
TR ;T 8550 4k, It Rb/Ba—Rb/Sr Elf#
A AREHR R A IR LA, 520 e R SR =B AE

RN A FR m b KA K A E LR A TR R
ORISR BRI, HR 4> — b K A6 B A 5
U FL oty 2 AL A B — AR T8 R R X (]
13d) .
SR AL R R e AR e i
TR, o B2 R T KA Rl 28 2k
g5 b S RS A B ) o A R T 5 R
R ZIN R (2 8R4, 2019; Wang er al. , 2020;
Song et al. , 2021; Zhao et al. , 2022), Hj X2 ik,
SN R A AR TR Ty oot A M e ) TR 00
-3 ELA A T BOR E (=780°C), H&L T —
FERRBER o5, (HARXT TR i S AL e, 2
A RB AL N K S R o b KA e 2
RIET B AR B ab s, 4 R REAR,
B TR AR A AN TS SR A TR X AL A TR 4 SRR
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Fig. 13 The discrimination diagrams of the source nature of the Penggongmiao biotite granodiorite
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d—after Sylvester, 1998; Legends and data are the same as Fig. 7
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