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Abstract: The tungsten-beryllium polymetallic deposit at Huxingshan in northeastern Hunan Province is a
large-scale quartz and greisen vein-belt type scheelite and beryl beryllium deposit. To investigate its genesis,
material source and tectonic environment, we carried out detailed rock geochemical analyses on the newly

discovered concealed granite bodies in the Huxingshan mining area, so to provide the theory support for the
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relationship between local magmatism and mineralization. The results show that the Huxingshan granite is a
series of high-K calc-alkaline peraluminous granite rich in SiO, (71.86% ~73.22% ) and ALO: (13.99% ~
14.55%), poor in TFe,O; (1.17%~1.63%) and MgO (0.28%~0.36%), and relatively poor in Na and rich in K
(with the (K,O /Na,O) ration between 1.11 and 1.78). It is characterized by strong enrichment of light rare
earth elements (Lay/Yby=9.29~21.9) and large ion lithophile elements (Rb, Ba, U, K), and relative depletion
of heavy rare earth elements and high field strength elements (Nb, Ti, P). The geochemical characteristics
show that Huxingshan granite is an S-type granite formed in an environment of lower pressure (< 5 kbar) and
an initial temperature of 727°C~785°C. It was formed by a high degree of fractional crystallization (plagio-
clase, potash feldspar, apatite, etc.), and its crust source area is Lengjiaxi Group composed of mudstone and
sandstone. Combined with the tectonic evolution history of the region, this study concluded that the low-an-
gle subduction of the Paleo-Pacific Plate during the Yanshan Period caused strong deformation of the crust in
the northeast Hunan region, and the subsequent weakening of regional stresses led to the detachment of the
thickened lithosphere, in which case the crustal thinning or underplating of mantle source material had caused
intense magmatism in the region, which resulted in the formation of the Huxingshan Granite.

Key words: concealed granite body in Huxingshan deposit; Petrogenesis; Material source; Tectonic setting;
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®1 ERLBET XEAEREEETEZANER (%)

Table 1 Result(% ) of major element analyses of concealed granite in the Huxingshan W—Be mining area

P ZK3304-12 ZK3304-13  ZK3304-14  ZK3304-15  ZK3304-17  ZK3304-18 ZK3304-21
SiO, 72.96 71.91 72.53 71.86 72.72 72.10 73.22
TiO, 0.11 0.13 0.13 0.16 0.16 0.17 0.16
AlLO; 14.09 14.55 13.99 14.19 14.08 14.02 14.36

TFe.0; 1.17 1.23 1.25 1.54 1.54 1.63 1.44
MnO 0.03 0.04 0.05 0.05 0.05 0.05 0.04
MgO 0.28 0.32 0.31 0.36 0.33 0.35 0.28
CaO 1.01 1.24 1.57 1.35 1.35 1.47 1.23
Na,O 2.74 3.29 3.29 3.66 3.62 3.39 3.70
K,.O 4.87 4.42 431 4.05 4.17 4.15 4.26
P,Os 0.09 0.06 0.05 0.04 0.05 0.05 0.04
LOI 1.66 1.79 2.03 2.68 1.51 1.92 1.37
Total 99.07 99.06 99.59 100.02 99.65 99.37 100.18

A/CNK 1.20 1.15 1.07 1.09 1.08 1.09 1.10
Mg 32.16 34.01 32.95 31.65 29.07 29.80 29.84
A/NK 1.74 1.98 1.96 2.12 2.04 2.04 2.04

K,O/Na,0 1.78 1.34 1.31 1.11 1.15 1.22 1.15
AKI 0.69 0.70 0.72 0.73 0.74 0.72 0.75

#: A/CNK=n(Al)/ n(Ca+Na+K) ; A/NK=n(Al)/ n(Na+K) ; Mg’=100xn(Mg)/n(Mg+TFe*") , AKI=(Na,0/62+K,0/94 )/A1,0:x 102.

F2 ERLSHET XEBRIERSE CIPWIRAT WS FIHELER(%)
Table 2 The calculation results( % ) of the CIPW standard mineral molecular of concealed granite in the Huxingshan

W-Be mining area

FEf ZK3304-12  ZK3304-13  ZK3304-14  ZK3304-15  ZK3304-17  ZK3304-18  ZK3304-21
11%(Qz) 36.35 33.06 33.28 31.71 3221 32.93 32.04
RHEA (P 28.40 34.62 36.27 38.55 37.81 36.69 37.69
B (K 29.74 27.12 26.36 24.86 2533 25.38 25.71
Kl T(C) 2.72 225 1.15 1.41 125 1.39 1.49
KAWL (Hy) 2.00 2.16 2.17 2.60 2.50 2.66 222
BRI (TI) 0.21 0.25 0.25 0.31 0.31 0.33 0.31
T (Mag) 0.35 0.37 0.37 0.46 0.46 0.49 0.42
WK A1 (Ap) 0.21 0.14 0.12 0.10 0.12 0.12 0.09
B (Zr) 0.01 0.01 0.01 0.02 0.02 0.02 0.02

B (Chr) 0 0 0 0 0.01 0 0

At 100 100 100 100 100 100 100
Jr S $(DI) 94.49 94.80 95.91 95.12 95.35 95 95.44

FRIE IR AR BIRG  B EEREEANT62.3% ki Bia bR fb B o= ROV HER -0 50
10° ~ 124x10° Z 8], SEXME R 101x10°, Lay/ Yoo HUME. 2, B8 f EARXT &4 M EARXT 5 (5] 5 a) s i
F9.29 ~21.9 Z[A],FHE A 17.3, G/ YO BT FISEuAF0.51 ~ 0.63 Z 0], SF4{E M 0.56, HAT &
T 1.77~3.11 Z 8] CFE R 2.27, Smu/You LUIE T B9 Bu 3 5 M6Ce /T 3.10 ~ 3.22 2Z 1], S WA i
271 ~5.26 20 FHE R 3.91(523)  fEf L oeRBk HATMEIMIIE Ce 8 8 4R BaFIRb LR 1t
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R3 ERLUSHET XEAEREMEFLITRSNER(x10°)

Table 3 Results(x10™ ) of trace and rare earth element analyses of concealed granite in the Huxingshan W—Be mining area

Feah = ZK3304-12  ZK3304-13  ZK3304-14  ZK3304-15 ZK3304-16 ZK3304-17 ZK3304-18  ZK3304-21

Li 0.66 2.36 0.17 0.84 0.40 0.29 0.19 0.17
Be 41.8 7.07 17.0 8.36 6.56 6.53 5.20 7.19
v 13.0 12.0 11.0 13.0 13.0 14.0 15.0 14.0
Cr 20.0 20.0 20.0 20.0 10.0 30.0 20.0 30.0
Cu 343 1474 234 28.7 26.6 25.0 19.8 47.4
Zn 84.3 507 48.6 57.5 53.5 57.1 50.3 50.6
Ga 26.4 26.4 25.4 27.5 25.7 25.0 26.1 239
Rb 337 330 297 290 303 287 337 281
Sr 95.0 125 148 202 162 160 151 140
Y 10.5 8.60 9.20 13.0 9.30 11.8 11.8 11.5
Zr 42.0 63.0 70.0 92.0 78.0 88.0 91.0 87.0
Nb 10.6 10.6 10.6 11.8 10.5 9.90 10.4 9.60
Mo 202 62.7 3.81 2.52 3.57 1.38 4.43 41.7
Sn 11.2 17.4 5.12 12.3 11.2 6.95 4.49 4.49
Cs 17.8 19.4 23.0 12.9 153 17.0 19.0 16.3
Ba 391 572 539 570 566 448 432 490
La 13.4 21.9 20.8 29.0 21.9 26.4 28.4 273
Ce 26.2 42.2 39.5 55.7 42.0 49.7 53.5 50.4
Pr 2.85 4.50 4.17 5.86 4.43 5.09 5.39 5.20
Nd 9.90 15.5 14.5 19.9 14.9 17.4 18.3 17.0
Sm 2.44 3.29 3.04 4.09 3.14 3.35 3.61 3.54
Eu 0.38 0.53 0.56 0.64 0.57 0.52 0.53 0.54
Gd 2.14 2.61 2.46 3.10 2.50 2.60 2.60 2.55
Tb 0.34 0.35 0.37 0.48 0.35 0.42 0.44 0.40
Dy 1.99 1.72 1.99 2.58 1.88 2.17 2.21 2.14
Ho 0.37 0.29 0.35 0.45 0.34 0.43 0.44 0.41
Er 1.00 0.75 0.82 1.19 0.91 1.18 1.20 1.09
Tm 0.15 0.11 0.11 0.18 0.13 0.17 0.17 0.16
Yb 0.98 0.68 0.69 1.08 0.90 1.14 1.09 1.02
Lu 0.15 0.10 0.10 0.14 0.14 0.17 0.16 0.15
Hf 1.80 2.40 2.70 3.10 3.00 3.00 3.20 2.90
Ta 2.10 1.90 2.10 2.00 1.70 1.90 2.10 1.90
W 39.0 5.00 6.00 8.00 2.00 4.00 5.00 6.00
Pb 323 37.4 393 355 329 41.1 40.3 34.0
Bi 1.93 10.4 1.77 1.50 0.90 0.52 7.74 0.98
Th 7.15 10.9 10.8 14.0 10.9 12.9 14.9 13.4
U 8.21 10.2 8.71 12.4 9.06 9.59 16.9 9.98
>REE 62.3 94.5 89.5 124 94.1 111 118 112
Th/U 0.87 1.07 1.24 1.13 1.20 1.35 0.88 1.34
U/Th 1.15 0.94 0.81 0.89 0.84 0.74 1.14 0.74
Lav/Ybx 9.29 21.9 20.5 18.2 16.5 15.7 17.7 18.2
Gdn/Yby 1.77 3.11 2.88 2.32 2.25 1.85 1.93 2.02
Smy/Ybx 2.71 5.26 4.79 4.12 3.80 3.20 3.60 3.78
6Eu 0.51 0.55 0.63 0.55 0.62 0.54 0.53 0.55
o6Ce 3.22 3.20 3.16 3.20 3.19 3.16 3.17 3.10
TZr(°C) 742 707 736 734 727 746 741 734

VE RN FRiZ 00 2R Zad BB A AR AL, i McDonough and Sun (1995) ;6Eu = Eu/Eu’= 2Euy/( Smy+Gdy ) ;6Cex=2Cew/( Lax+Pry) 5
TZr(°C) i35 4% Watson and Harrison (1983)
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B AL R BUE IR h R RS R, B
AEXS R HRHIBE BB RRAIE , R A A T Rl
BN h T AR R AE B 5 A I ORI R
(King et al., 1997) o 4= 3L & Fif Watson and Harrison
(1983) BN A HORTTHAE B 5 O A0 TR L

1000

100F

/BB R A

1

La Ce Pr Nd

Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

T, (°C )= 12900/[2.95 + 0.85 M + In (496000/
Ztna)]-273

A, &4 n(Si)+n(AlD) +n(Fe)+n(Mg)+n
(Ca)+n(Na)+n(K)+n(P)=1,|M =n(Na+ K + 2
Ca)/n(Al x Si),

1000

100

B AR e v

0.1
RbBaTh U K NbTaLaCe SrNd P ZrHf SmEuTi Y YbLu

KI5 PRI A X R ARAE b 5 b T0 3Bk Bt 4 B AL e 2B () B A T 2% D 3t b v Atk 1 14 ()

Fig. 5 Normalized distribution pattern of rare-earth element chondrites(a) and normalized diagram of trace elements in primitive

mantle of the concealed granite(b) in the Huxingshan W-Be mining area

FrUEALAEHE Sun and McDonough(1989)

TEWA T A5 A0 ) Ze HEAZIERT, 45
AR Zr = 497626x 107, [R1AF, F 425 10 Zr 5 &AL
RFIEUA R Ze S CER,2017) A R IE
AL 5 A b S A T TR BETE 707 ~ 746°C 2 [H]
(423), B E AR T A BUAE b T J A S 2 3L
(764°C ,King et al., 1997) , B8R, [RIE I X A
PR32 30 T 25 5 AR R

MHTARZ BRI R R A B T, anff N
ARSI BB R T R bSO
PAFMMAL RN RS, /MBS (2011) REEL
S57 IX S A P B ] S A R 2 AR
7, FEAS % AL B A A A A DL T, Q-Ab-Or
P figt B T LA A 1 25 107 1 (AL 6 ) AR 445 i T A I
J¥, A AT LA S e R - A S st 18 o 454
FK I B S5 B (B FLAF, 2009 45 /M 4F, 2011 6
RV AL M A AN R B I P BER S, Rtk
A EER CIPW I AR R K A AR (£2)
EH T Q-Ab-Or [ fiff Hh M FLIE DX %) T 4548
FEIE 6a i, IR AR A FE A I B T 1 ~ 5 kbar
Z (8], AR AR DX ) 25 (RS R DX TR B

%4518 5 (CaO+ALO:) -CaO/ALO; Efif (4] 6b) s
at s AR EZR LR K6 78 8 L —E
5.2 BLE ST

RILINAE K A & Si0,.ALO;, #% CaO, CIPW |
5 F>1%(1.15% ~ 2.72%) , A/ICNK 4+ F 1.07 ~
1202\ (1. %2)  IF &R RSEL BT,
W S BUAE X A 1Y 4¢ 4k (Chappell and White,
1992;Zeng R Y etal.,2016) XFF SHIL K AT 5 ,
Wil 45 o3 SRR EE (N, P.Os 3 &0k 2 BT, Th
Y G2 TR ZEE 79, P.Os 5 Th A Y 22
B, WE R T SEIE KA WRHE . AR R IE
11 A 54 %5 19 10000Ga/Al fH (3.14 ~ 3.66) ¥ K F
2.6, o ATITE A T RHIE (BRI HA — R 51
BH S X1 A BUAE A B RAAE, s (1) St 2
Zr Nb.,Ce fl Y {HZ FISF 89.3x10° ~ 172.5%10°,
AT ATIAE A I T BRIE (350%10°) ;5 (2) H:
AKI{HA T 0.69 ~ 0.76 Z [0] Ik T A BIAE 5 A 19-F
¥IE(0.95) ; (3) HAS ATRANREE R 707 ~ 746°C, ]
A TR R V. Lachlan 88 45747 55 5 A BUAE 54 5
839°C 1Y ~F- X475 1 1 AR BE (Kling et al., 1997) , $%
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P AR AR T M7 S TRUAE 5 25 10 - 3504k A A A T
(764°C , King et al., 1997) JHFFEIN N, 5 50 510 1Y
B S BIAE 5 B o BL R A BUAE R 1Y T B
T8 G F FRME 3 (Whalen et al., 1987; Chappell et
al.,2012) o JRIE WAL i a BAT BARAY Fe Mg Ti 1%

1, [F AR A Mg?(29.07 ~ 34.01) . Zt/Hf . Rb/Sr
1 Th/U {8 AR 368 5 ) 43 5746 5 (D1=94.49~95.91 ),
JI14 . 2008) o

PR W R A o Ak (1

Ab Or

Fl6 JRIE LSS X EIRAE R &

Ba. Sr.Eu 1 1 5 H R4 7R BHS A FBET K A 1
25 i B PRI T Y B0 S ) S gl K A R ER R
()43 B 45 fh A % o LAk, 7E Sr-Ba [ fif (%] 8a) il
Lav/Yby B (< 8b) H, R FRIE INAE R A0 T
FHCA VB B A R A 4
SRR UL, PRIE AR (5B o0 A AR i< 8 R R
fIE 2 R LA B A A SRR RS I 25 b SRR LA
B I e o S S A K o

0.4

03

CaO/AL0,
(=}
&
T

KRR
P

0.1+

CaO+ALO0, (%)

CIPW ik Q-Ab-Or [EIfi# (a) & (CaO+ALO;) -CaO/ALO; i (b)

Fig. 6 Diagram of CIPW standardized Q-Ab-Or (a)and CaO /ALO; - (CaO + ALO;) (b)diagram of the concealed granite in the

Huxingshan W-Be mining area
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Fig. 7 lllustration of P,Os-Th (a) and P,Os-Y (b) in the concealed granite of the Huxingshan W-Be mining area
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PLEHEAT s KEAK AT ; Bt-FR B 5 Zn-85 47 5 Ap-Ti JK A0 s Minz- T J 4 5 Aln- #6511

eu(OMEATTF-9.64 ~ 7.01 Z 0], WoR BRI ILIE X A
FHAE S U B — g M A R DX (] B R A 0 Y6 4 I
WHE RS ERTEY RS 5 MCE (Xu) W et al.,
2020) o JRIE AL i A BA W1 19 e ik AT Lk
BYERAE , Mg' A J2 MgO | Cr 45 75 5 27 A0 X 824K, 1

et DU B S sy, DAL T AN B B M U I
Hore Wy IR TR R AR e T STUAE R A 2 R

Hi ST 43I il (=P ) 1 7= ﬂﬂfﬁa%ﬁ?ﬂ&'\%
S H A AR (g R, 20075 548045, 2023)
IERIE ILAE i 5 ;ﬁiﬂ%xﬂlﬂﬂﬁa?ﬁ%ﬁiﬂai&ﬁ%}ﬁ
&5,

AR i I 7K J Rk S g (1998) NNy
CaO/Na,O {ELA F| W ik 57 53 46 b 75 15 DX A 1 o 2 5
BB A AR , LR e i oA AT
48 B AE 5 4 1 CaO/Na,0<0.3 , b JE 2 1F F ik
P R RN W) ORI Y i =t e 3§ A D AU K I

Sylvester

Ef BN e

1B

Rb/Ba

0.1 L

0.01 Lol ol
0.1 1 10
Rb/Sr

1 5 5 ) CaO/Na,0>0.3, R TE 1L #E () & i CaO/
Na,O -+ 0.32 ~ 0.48 Z [a] , BJWE K F 0.3, 7519 b
L FE S B TR XA LR & A R
Fh 2T B Y CaO/Na,O 5 ALOY/TIiO, B 5 5 th i
S 3l B8 TAE I T, HEA SRR X Bl A A 2 R R
VIR DX o 9 28 3 3 23 s i BT T B ( Cail K
D etal.,2011) JJbAR, FEE 9a b, JRIE 1AL A HE b
PR T HORE VR XA 2 U5 Dl Ay B, AR
R IR X AR E 5 CE 26 U A A 2k iR
JE A VRIX

FEHFETEER , HH T H K TGIE K e 7e, R
T 7K MK e Rl R b 5 e ) B A3 s T

AL < 5 B H % B (Skjerlie et al., 1993 Patifio
Douce, 1999; Cai K D et al., 2011) . — &M =, &

HEEHIRX BB ﬁ%ﬁ%ﬁ%ﬂ}éﬁ%%ﬂ
HHEABR W

AleJERJ
B (VP IAE 1 2009) o JRIE IIAE X
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Fig. 9

Illustration of Rb/Sr vs Rb/Ba(a) and CaO/Na,O vs ALO,/TiO(b) in the concealed granite of the Huxingshan W-Be mining area
JEE I Sylvester(

1998)
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K,O.Rb.Cs F1 TiO, % 1, H HAT 8 AK 1) Na,0/K.0
(¥/NF 1) F1 ALOY/TiO. fB (34 /NF 200) , # 14 Rb/
StE (B KT 1), BoR 2= B89 [ 7K 4 fil i) R A
(Miller, 1985; Castro et al., 1999) . Wang Y J et al.
(2003)3A A Rb/Sr>5 &5 J 5 X 1 2= B i 7K 475 il
AR, T Rb/Sr< T iz il 3= 22 55 2R 2 BRIk 4%
RlA 5% LRI I AE B 4 19 Rb/StAE34/NT 5, R 1%
16 5 7 T X T 57 B o BE ) I K d gl s i o e 1
PRI AL B A AR CaO (1.01% ~ 1.57%) &k iE
AR IR B A Js R FH 52 PR B AT (Masberg
et al.,2005) &¢I, A HEAY K 6 Al 7E R IE 1L 4
< 25 AR 2 TR A R DX o b ke = A

T AV GO A AR L H X A BE RS b2
EIE ALK 4 H A Rb. Th U . K % LILE & 4, Ba.
Sr.Nb . Ta P AHX] 75 B RRHE (5] 5b) , 5 R IERE
PR TC R FFIE (VP 055 2006 ) AL AT, TiT 4
B 5 22 BH R TE 111 16 5 2 25 A0 e (1) 1) B AR AEL
7-9.64, AT DL AR SRR DXt 2 52 (1 e () 1B
(XuJ Wetal.,2020), THZEXF AT Towe (1806 Ma)
58 R B AT B Towe WEAEAATR] (1.8 Ga, i Ik
7555 .2013) BRI, AR SCHEINVS ZOE BN R IE 1L 4R
<5 T A R X
5.4 KitHgiEE X

AR - =& R A Gk AR
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FEG IR 1 AR R A AT A R PR e
# % (Zhou X M et al., 2006; Li Z X and Li X H,
2007) , FEAR BE TRV ML X W B T K i 1 i A
B, i DA A E AT R RN bt S0 0 i ot
M5 35 A9 M 52 9 5T 38 43 9 R 1 1 (Zhou XM
and Li W X,2000; J&# £, 2007) .
JHERAICE (2013) X FRIE I A A e ik ik 47 17
Rb-Sr [Fl v R IAE, 4558 135 ~131 Ma, £ EA]
B MR P  Xu T W et al. (2020) X EIE 1L
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25 0 13442 Ma, 5 HAE K 55 19 85 47 U-Pb 4 1%
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TE LA R B DX P G 6 5 T BR824
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55,2005 ; F A, 2008) JAEIR I A EEIL X &
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140 ~ 90 Ma (Li X H, 2000; Jiang Y H et al.,
2011; ¥ = ¥ F1 9% /0¥ L 2012; Yang S Y et al.,
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Fig. 10 Discrimination map of the tectonic environment of the concealed granite in the Huxingshan W-Be mining area
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