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dynamic metamorphism with its constraints on polymetallic mineralization of tungsten, tin and copper in Lianhuashan fault
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Abstract The southwestern part of Lianhuashan fault zone distribute four dynamic metamorphic zones, Mian yang-Shuanghua
(1), Bei Shanzhang-Jiulongzhang ( Il ), Wuzhizhang-Guozizhang ( Il ) and Meilong-Houmen-Guan yinshan ( IV ), with
characteristic lens along the northeast fault. It has been shown that they are the important ore-bearing and ore-controlling structure in
this region. According to the degree of metamorphism and mineral composition, the dynamic metamorphic zone can be divided into
quartz lens, garnet (cordierite) mylonite, mylonite, schist, protolite and so on. Based on the result of the EPMA of typical minerals
such as garnet and mica, through the garnet-biotite geothermometer, we estimate the temperature and pressure conditions of
metamorphism in four dynamic metamorphic belts respectively, 484 ~526°C /4. 92 ~7. 72kbar, 458 ~469°C /2. 17 ~2. 67kbar, 536 ~
551°C/1.28 ~ 1.67kbar, 512 ~ 516°C/4.38 ~ 4.87kbar, which are highly consistent with the field geological deformation and
metamorphism characteristics of dynamic metamorphic rocks, and the pressures in volcanic-dominated areas are higher than that in
granite-dominated areas. Studies have also shown that metamorphic conditions have obvious control over metamorphic zones and
polymetallic mineralization, tungsten and tin polymetallic mineralization are mainly in [, IV belts with higher pressure conditions,
while copper, lead, zinc and silver in Il , Il belts with lower pressure conditions.
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Fig. 1 The brief geological map along southwestern part of Lianhuashan fault ( modified afiter Wang et al. , 2018)

Dynamic metamorphic belt: | -Mianyang-Shuanghua; [I -Beishanzhang-Jiulongzhang; IIl -Wuzhizhang-Guozizhang; IV -Meilong-Houmen-Guanyinshan
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Fig.2  Ductile metamorphic belts and hand specimen (a-e) with microscopic characteristics ({-j) of the typical rocks in
Lianhuashan fault belts

I ;. Mianyang-Shuanghua; Il : Beishanzhang-Jiulongzhang; 1. Wuzhizhang-Guozizhang; IV: Meilong-Houmen-Guanyinshan; ( a-b ) garnet
(cordierite ) -bearing mylonite; (c) garnet-biotite-bearing mylonite; (d) cordierite-bearing muscovite-mylonite; (e) garnet-bearing mica-mylonite.

Grt-garnet ; Bt-biotite ; Mus-muscovite ; Qz-quartz ; Di-diopside ; Crd-cordierite
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x1 ERLUHRAFBHNEINEAERBFAEHLERS (W% )
Table 1  The garnet chemical compositions in different ductile shear belts Lianhuashan fault (wt% )
s GSZ-1 XF-2 Js-1 TJ2 YP-B-1
5 8% 5 3 2 3 2 5 2 2 2 5 3 2 1
Si0, 36. 88 37.18 37.28 37.31 37. 86 37.31 37.42 37.16 37.41 37. 69 37.49 37. 64 37.42
TiO, 0.05 0. 04 0.05 0.05 0. 06 0.03 0.01 0.00 0.01 0.12 0.05 0.05 0. 04
Al, 04 21.07 21. 05 21.18 20. 94 21.36 21.04 21.21 21.23 21. 11 21. 10 21.03 21.22 21. 16
FeO 17. 34 16. 15 15. 89 19.09 28.28 40. 57 40. 96 42.08 41. 35 34.02 40. 47 41.00 41. 50
MnO 24. 81 25.00 26.02 16.71 8. 06 0. 08 0.16 0.23 0.19 5.87 0.41 0.20 0.13
MgO 0.09 0.12 0.13 0.04 0. 08 0. 89 0. 80 0.98 0.79 0. 65 0. 84 0.82 0. 81
Ca0 1.34 1.59 1. 14 7.00 6.78 2.24 1.20 0. 89 1.34 3.08 1. 69 2.09 1.75
Na, O 0.01 0.03 0. 00 0. 00 0.01 0.02 0.04 0.02 0. 06 0. 00 0.02 0. 00 0.10
K,0 0.00 0.01 0.00 0. 00 0. 00 0. 00 0.02 0.00 0.01 0. 00 0.01 0. 00 0.01
P,05 0.01 0.01 0. 00 0.01 0.03 0.02 0.05 0.05 0.03 0.02 0.02 0. 00 0.01
F 0.33 0.01 0.03 0.20 0. 07 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00 0. 00
NiO 0.01 0.02 0. 04 0.02 0. 00 0.01 0. 00 0.02 0.04 0.01 0.04 0. 00 0. 00
Cr, 05 0.01 0.02 0.01 0.01 0. 00 0.02 0.03 0.07 0.02 0. 00 0.00 0. 00 0. 00
Total 101.82 101.22 101.75 102.56 101.28 101.73 101.90 102.71 102.36 102.56 102.06 103.01 101. 90
(0] 12
Si 2.99 3.01 3.01 2.99 3.00 2.99 3.01 2.98 3.00 3.00 3.01 2.99 2.99
Ti 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0.01 0.00 0. 00 0. 00
Al 2.01 2.01 2.01 1.98 1.99 1.99 2.01 2.01 2.00 1.98 1.99 1.99 1.99
Cr 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00 0. 00
Fe** 0.00 0. 00 0. 00 0.02 0.01 0.02 0. 00 0.01 0. 00 0.01 0.01 0.01 0.02
Fe** 1.17 1.09 1.07 1.26 1.87 2.70 2.75 2.81 2.77 2.25 2.71 2.71 2.76
Mn 1.70 1.71 1.78 1.14 0. 54 0.01 0.01 0.02 0.01 0. 40 0.03 0.01 0.01
Mg 0.01 0.01 0.02 0. 00 0.01 0.11 0.10 0.12 0.09 0. 08 0.10 0.10 0.10
Ca 0.12 0.14 0.10 0. 60 0.58 0.19 0.10 0.08 0.12 0.26 0.14 0.18 0.15
Mg/ Fe 0.01 0.01 0.02 0. 00 0.01 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0. 04
And 0.24 0. 00 0. 00 1. 15 0.26 0. 86 0.00 0.41 0.17 0.61 0. 40 0. 64 0.77
Pyr 0.35 0.50 0.53 0.14 0.33 3.54 3.19 3.86 3.14 2.58 3.37 3.23 3.19
Sps 56.28 56. 89 58. 87 37.81 18. 02 0.19 0.37 0.51 0.43 13.26 0.93 0.45 0.29
Gro 3.61 4.58 3.28 18. 89 18.91 5.55 3.43 2.12 3.69 8.17 4.44 5.29 4.21
Alm 38.67 36.30 35.50 41.89 62.28 89. 86 91.34 93.09 92.39 75.37 90. 43 90. 40 91.55
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x2 ERLBRAAERFEIVIERZBHLERS (W% )
Table 2 The mica chemical compositions in different ductile shear belts in Lianhuashan fault (wt% )
RERE (5 ) GSZ-1( Ms) XF2(Bt) JS-1(Bt) TJ2(Bt) YP-B-1( Ms)
Si0, 46.31 46.40 46.51 46.31 33.211 34.063 34.67 34.49 35.37 35.29 33.77 32.79 31.37 32.53 44.97 45.18
TiO, 0.15 0.22 0.21 0.20 1.854 1.904 1.41 1.49 1.47 1.44 0.10 0.13 0.12 0.25 0.18 0.11
AL, O, 32.46 33.24 32.94 32.48 18.735 19.02 17.67 17.42 17.69 17.72 21.58 21.45 20.87 21.01 34.47 34.35
FeO 2.79 2.51 2.32 2.46 31.153 31.058 26.55 26.22 26.48 26.86 26.85 27.09 30.30 26.63 1.96 1.79
MnO 0.31 0.27 0.18 0.18 0.142 0.201 0.02 0.05 0.05 0.07 0.06 0.13 0.10 0.03 0.02 0. 00
MgO 0.48 0.34 0.38 0.44 1.154 1.196 6.24 6.48 6.76 6.49 4.05 4.06 4.49 3.8 0.43 0.39
Ca0 0.02 0.01 0.01 0.00 0.005 0.008 0.13 0.02 0.00 0.05 0.10 0.12 0.02 0.05 0.00 0.02
Na, O 0.39 0.37 0.49 0.47 0.113 0.117 0.20 0.21 0.18 0.21 0.36 0.14 0.11 0.37 0.76 0.83
K,0 10.86 11.07 10.88 10.93 9.345 9.298 8.54 8.99 9.25 8.87 8.21 7.95 590 7.97 10.42 10.42
Cr, 054 0.18 0.02 0.07 0.00 0.048 0.131 0.23 0.03 0.05 0.00 0.15 0.55 0.06 0.30 0.18 0.13
Total 94.73 94.61 95.11 94.70 96.40 97.63 95.93 95.72 97.64 97.34 95.28 94.48 93.35 92.99 93.39 93.232
0] 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
Si 2.82 2.83 2.82 2.80 2.44 2.53 2.47 2,45 2.57 2.55 2.38 2.31 2.18 2.24 271 2.71
A1V 1.18 1.17 1.18 1.20 1.56 1.47 1.48 1.46 1.43 1.45 1.62 1.69 1.71 1.71 1.29 1.29
AV .15 1.22 1.18 1.12 0.06 0.19 0.00 0.00 0.09 0.07 0.18 0.09 0.00 0.00 1.15 1.14
Ti 0.01 0.01 0.01 0.01 0.10 0.11 0.08 0.08 0.08 0.08 0.01 0.01 0.01 0.01 0.01 0.00
Fe* 0.14 0.13 0.12 0.12 1.91 1.93 1.58 1.56 1.61 1.63 1.58 1.59 1.76 1.54 0.10 0.09
Mn 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
Mg 0.04 0.03 0.03 0.04 0.13 0.13 0.66 0.69 0.73 0.70 0.43 0.43 0.47 0.40 0.04 0.03
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Na 0.05 0.04 0.06 0.06 0.02 0.02 0.03 0.03 0.02 0.03 0.05 0.02 0.01 0.05 0.09 0.10
K 0.84 0.8 0.84 0.84 0.87 0.88 0.78 0.81 0.8 0.82 0.74 0.71 0.52 0.70 0.80 0. 80
Cr 0.01 0.001 0.004 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.0 0.04 0.00 0.02 0.01 0.01
Total 6.25 6.31 6.25 6.20 7.09 7.27 7.09 7.08 7.39 7.33 6.99 6.87 6.68 6.65 6.18 6.16
Fe?* /(Fe’* +
Min + M) 0.70 0.76 0.75 0.71 0.93 0.93 0.71 0.69 0.69 0.70 0.79 0.78 0.79 0.79 0.71 0.75
Ti/,I(‘i]\/_{_gl\Inb;e * 0.03 0.05 0.06 0.05 0.05 0.05 0.03 0.03 0.03 0.03 0.00 0.00 0.00 0.0 0.05 0.04
Al/(Al+ Mg + Fe .43 0.44 0.44 0.44 0.26 0.26 0.24 0.23 0.23 0.23 0.29 0.29 0.28 0.29 0.46 0. 46

+Ti + Mn + Si)

M RECC R, FE AR T AWM A-B o R ETT, Wu e
al. (2006) %I AHEF 41 -2B = BE T (Holdaway, 2000)
S HP R R R SR AR B R R 2 /0N R E AR R Y R ARV B
it AA-Bab-RHK A -A 5k 12 R B S Tk
FAE ALSIO W s e e B AL i A R LR R 13, &R
GiiRZE 2N = 1. Okbar, G 18 4-28 = B8R B 1 ( Holdaway,
2000) F14 #8744 s 713t (Hoisch, 1991; Wu, 2019) 4351 K .
XE/XE

T(K) [7. 802 +3Rln(ﬁ) +a+17.396 (Xhe - Xbo) +
Xy /Xy Mg T

280. 306X% +370. 39X%° ] =40198.0 + (0.295 - b) P(bars)

~ ¢ +22998 (X4 — X}') +245559. 0X’’ +310990. 0X 3
~8904. 5 +24. S42T(K) +0.45RTIn(XE/XE) +0. 15T +0. 15
1-0.13b

FRBRFERE S AR T AR BEBOR, e B, H S /=

P(bar) =

BEPIE I DU AL T G AR P 0 A AR S BB R
B PR AL A B 3k BP0 AR S0 06 A - U
FE - U 0 | A - R -5 T T-00 Ll 4 A5
DY DI RE b BEAT T A2 BGELR A% PEAG B8, JLEE SR 20531 g 484
~526°C/4.92 ~ 7. 72kbar 458 ~469°C/2. 17 ~ 2. 67kbar 536
~551°C/1.28 ~ 1. 67kbar 512 ~516°C /4. 38 ~ 4. 87kbar, {£4
RIS,

5.2 BEERBEI T

TEAE L VBT 2T P R - 0L A -85 108 Ll P 2%
473 I . 7 B b i T A L 0GR P 0 R A - U B
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Fig.3 Variation of the gamet contents in different ductile shear belts in Lianhuashan fault belt and the main elements component

profile of Samples JS-1 garnet

s (b) AR 747 (JS-1) EHRITCHE A BT ; (o) AT BT BFIE B3R ; (d)

(a) changes of principal element content in different ductile shear zone garnet; (b) profile of main element composition in garnet; (c¢) symbiotic

characteristics of garnet, biotite and muscovite; (d) point map of garnet probe profile

R3 ERLHRANMEIVFEFNEEHTESR

Table 3 Calculation results of temperature and pressure of

ductile shear zone

Sl iRkt w5 HREE(C) J& 73 (kbar)
XF2-1-1-5 526 7.72
N XF-2-1-14 499 7.53
HaE-RUAE( T )
XF2-1-1-6 484 6.19
GSZ-1-22-3 526 4.9
Wb -6E ] YP-B-1-122 516 4.87
WEF (V) YP-B-1-1-5 512 4.38
JS-12-7 469 2.67
b iligE-
-~ JS-12-8 458 2.46
JulplEE( 1)
JS-126 469 2.17
TJ-2-133 536 1.67
TFLAg -
TJ2-1-13 551 1.30
() !
TJ-2-134 550 1.28

BB AR B3 RO : B AR O T O R —
BER A A IRE CRILBEIE S ) o ZEALK WX (& 1,
XF-2) WA S g i o B fii B i, LA 8 ) VRS
WITE R E, RN 12.72% 1. 00% 2.0% .0.51% (&
da) s AT EBER A LV BT U E RN E, A4 A
0.63% .0.24% (& 4b) ;M BERE 5 I LA AR B S 1
TEE, OISR 0.75% 0. 44% 1.75% (& 4c) ; HF 3L,
TV IR T

A AR, B4R R 0.005 ~ 0. 9mm; 15 22 7 TF
RPR KRR 0.02 ~0. 3mm, ] WL (59 5 BE IR i
25340 (B 4d)

INEED SAIE RO, BEAE 2 0.05 ~ 0. 2mm, A I (A $E 7"
AL & BT

B E M ARCR LR, R AR 0.01 ~ 0. 05mm, A
WSk 4 2 1) HE 21 3k 5 728 ot PO R IR A L W i e B
b AR A (FEALBIAE, 2018) , LA A9 i 45 4
I R 78 S T R sl 0 BT 1, SR WL B4 1™
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Fig.4 Metallogenic characteristics of different dynamic metamorphic belts in Lianhuashan fault belt

(a-c) ductile shear zone in Xianshuili area is mineralized from core to edge: quartz vein type— garnet type — mylonite type; (d) symbiosised

wolframite and scheelite; (e) sphalerite— chalcopyrite— galena; (f) sphalerite—> chalcopyrite— galena—> pyrite. Sh-scheelite ; W{-wolframite ; Ccp-

chalcopyrite ; Sph-sphalerite ; Gn-galena ; Py-pyrite

R 1) S AR 5 TN B ] o el RS I (] e, £) o
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245 (2020 ) 3 3 %oF b AR LU B 2845 AL B B RN R Bos A
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