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Abstract Shapinggou the second largest porphyry molybdenum deposit in the world is located in the Dabie orogenic belt. Prior to
this study only limited geological investigations of the alteration and mineralization had been limiting the features in the deposit were
minor restricting application of these guides to explore and to further study of the metallogenesis of the region. Previous work and our
detailed field observations as well as petrographical mineralogical and electron micro-probe studies show that the ore-forming
processes of the Shapinggou molybdenum deposit involved multiple stages of alteration and mineralization including potassic phyllic
and propylitic alteration. The phyllic alteration can be further divided into two types depending on whether quartz or sericite is the
predominant mineral. The oredorming stages include quartzK-feldspar quartz—sulfide quartz-sericite and quartz-{luorite-gypsum
stages. The characteristics of alteration and mineralization at Shapinggou suggest that the molybdenite began to precipitate during the
late quartzK-feldspar stage reaching a peak during the quartz-sulfide stage. The early quartz-sericite stage also contributed some
molybdenum to the ore system. The types of alteration and mineralization are controlled by the varying physical and chemical
components of the ore-bearing fluids. The alteration and mineralization characteristics of the deposit are generally similar to the
porphyry molybdenum deposits in different tectonic environments in other parts of the world. The oreforming rocks alteration types
and mineralization characteristics in Shapinggou deposit are broadly similar to deposits formed in lithospheric thinning conversion from
compression to extension continental collision continental rift island arc and post-erogenic extension environments but the shape
and position of ore body at Shapinggou is different from those at other deposits. The tectonic setting may control the formation and
evolution and ore-bearing potential of magma but the depth of emplacement and the nature of the wall rocks control the alteration and
mineralization characteristics of porphyry deposits.

Key words Alteration; Mineralization; Oredorming stage; Electron probe micro-analyzer; Shapinggou porphyry molybdenum
deposit; Dabie orogenic belt
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Fig.1 Sketch map of geological characteristics and distribution of molybdenum deposits in Dabie region ( after Yang 2007)

1-Mesozoic-Cenozoic sediments ( K-E) ; 2-Early Cretaceous volcanic rocks ( K) ; 3-Early Carboniferous Huayuangiang Formation; 4-Erlangping Group

( Pt;-Pz) ; 5-Hong’ an Group phosphorus metamorphic rock series ( Pty) ; 6-Qinling Group metamorphic complex ( Pt,gn); 7-Guishan Formation

(Prg)

metamorphic complex ( Ar3-Pt, ) ;

Nanwan Formation ( Dn) ; 8-Luzhenguan Group ( Pt,/)

speculated fracture structure; 14-molybdenum deposit location and name

10-ultrahigh pressure metamorphic eclogite; 11-Yanshanian granite; 12-Jinningian granite;

Foziling Group ( Ptyf)  Xiaojiamiao Formation ( Z-Ox) ; 9-Dabie/Tongbai Group
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Fig.2  Sketch geological map of Shapinggou molybdenum deposit

1-Quaternary; 2-d.uzhenguan Group; 3-eryptoexplosive breccia; 4-breccia orthophyre; S-monzonitic granite; 6-syenite; 7-granodiorite; 8-granite; 9-
diorite; 10-pyroxene amphibolite; 11-galena and sphalerite bearing vein; 12-geological boundary; 13-fault; 14-Shapinggou molybdenum deposit
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Fig.3 Different types of alteration in the Shapinggou porphyry molybdenum deposit

(a) potassic alteration in veins and was cut by chlorite-containing fissure; ( b) plagioclase feldspar occurred potassic alteration and the K4eldspar
display nebulous phenomenon suspended; ( ¢) biotite alteration biotite leafshaped developed along plagioclase grain boundaries; ( d) disseminated
chlorite alteration occurs in rocks; (e) quartz core the rocks were completely destroyed; (f) quartz core quartz was with a fine shape only a small
amount of K-{eldspar was left over along the KHfeldspar edge developed muscovite; ( g) strong phyllic alteration the rocks were completely destroyed;
('h) Plagioclase developed sericite alteration and the sericite was very small; (i) plagioclase developed phyllic alteration along the edge of
plagioclase cleavage fracture distribution partial recrystallization into muscovite; (j) K-feldspar developed sericite alteration and only a small
amount of minerals was left over; (k) plagioclase feldspar developed sericite alteration sericite distribute along the edge and fracture; (1) plagioclase
developed sericite alteration. Kf-K-feldspar; Pl-plagioclase; Bi-biotite; Qtz-quartz; Mo-molybdenite; Ms-muscovite; Ser-sericite; Chl-chlorite
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Fig.4 Photographs of veins in quartzK-feldspar stage showing different vein characteristics

(‘a) quartzZKfeldspar vein cuts molybdenite vein and quartz vein cuts both; (b) quartz-pyrite vein cuts quartz-molybdenite vein quartz-molybdenite
vein cuts quartz—K-feldspar vein quartzeldspar vein cuts molybdenite vein; ( ¢) biotite vein and molybdenite; ( d) molybdenite-quartz vein with
narrow K-feldspar halo and molybdenite vein cut K-{eldspar vein; ( e) quartzZK-eldspar vein cuts molybdenite vein and molybdenite veinlet cut
quartzKfeldspar vein; (f) quartz vein with K{eldspar halo; ( g) quartz-pyrite-hematite vein with a wide KHeldspar halo; (h) quartz-anhydrite
vein cut molybdenite vein and molybdenite—pyrite—quartz veins cut quartz-anhydrite vein; (i) quartz{eldspar-biotite vein biotite distributed in the
edge. Py-pyrite; Hem-hematite; Anh-anhydrite
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Fig.5 Photographs of veins in related stages showing different vein characteristics

(a) quartz-molybdenite—pyrite vein with pyrite in the center; (b) quartz-molybdenite veinbe faulted; (¢) quartz-molybdenite stockwork veins; ( d)

quartz-molybdenite—pyrite stockwork veins; ( e) molybdenite veinlet cuts quartz-sericite-pyrite vein; ( f) quartz-muscovite vein cuts molybdenite
veinlet; (g) quartz-sericite-pyrite vein cuts molybdenite veinlet; ( h) molybdenite veinlet cuts quartz-sericite-pyrite vein; (i) gypsum veins cuts
molybdenite veinlet; (j) quartz vein cuts quartz-molybdenite veins and the quartz vein with geode texture; ( k) pyrite vein with geode texture. Gy-—

gypsum
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1 N N (wt%)
Table 1  Electron microprobe analyzing results of K-feldspar epidote chlorite and quartz in Shapinggou molybdenum deposit ( wt% )

Si0, TiO, Al, 04 FeO MgO MnO Ca0O Na, O K,0 Cr, 05 Total

214kfs3 65.6 — 17.8  0.116 — 0. 008 — 1.14 14.4 — 99. 1
214kfs4 66. 0 0.023 17.9  0.059 — — — 1.13 14.9  0.008 100
214 kfs-5 65.4 0.042 17.8 0. 056 — — — 0.785 14.9 0.031 99.1
406kfs-8 65.8 0.019 17.8  0.142 — 0.006 0.001 1.13 14.8 0.004 99.7
406kfs9 65.4 — 17.7  0.128 — — — 1.01 15.2  0.010 99.5
406kfs10 66. 6 — 17.9  0.089 — — 0. 005 1.23 15.0 0.016 100.8
6024KF2 63.6 0. 138 17.8 0.043 0.001 0.012 — 0.176 17.2 — 99.0
602-4KF3 63.8  0.069 17.9 — — — — 0. 151 17.4 — 99.2
3-EPIS 41.1 0. 109 18.6 15.9  0.057 0.223 22.5  0.021  0.098 — 98.6
3-E£pPI4 40.6 — 17.9 16.9 0.01 0.058 23.1 0. 024 — 0.025 98.7
3-K£PI3 40.9 0.039 20.0 14.5 0.003  0.394 23.2 — — 0.042  99.1
1-chl45 28.8  0.094 18.4 19.8 17.1 .76~ 0.079 0.104  0.337 — 86.5
1-chld6 28.0  0.035 18.3 20.3 17.8 1.88  0.098 0.057 0.04 — 86.5
4-Qtz-8 - 97.1 0.027 0.048  0.004 — 0. 006 — 0.004  0.001 — 97.2
D= . : ; : JEOL( ) ——IXA-8230
( Electron Probe Micrianalyzer EPMA) ; : 15kV 20nA Spm 10s Ss. :
. Fe— , S- ; Cu- ; Pb— ; Mo— Mo; Cr- Cr;
Au- Au; Ag-AggAs, Sq; : Te— TeO,; Zn- 7nS; Ni- NiO; Re- Cal-STD Se-
Bismuthselenide( SPI ) ; Co— Co; As— TiOAs.

=KW

; AR - - il 25

(& |Exe [E=kens @ esns [T0ere wrnwe [ s

Eloxsn Elwese DHREERE [TI2507F EElesswask
BEBEE BE-Hm BE-Nm BE-HE-BF

Bl HERBKIE L Tinsmes =i

6 2 N

Fig.6  Alteration zone and veins mapping of vertical line 2 and the alteration-mineralization patterns in Shapinggou porphyry

molybdenum deposit
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2 (wt%)
Table 2 Electron microprobe analyzing results of sericite in Shapinggou molybdenum deposit ( wt% )

Si0, TiO,  AlLO; FeO MgO MnO Ca0 Na,0  K,0 ( H, 0) Total
27-MS4 46.3 0.371 33.44 0.29 0. 867 — 0. 001 0. 788 10.5 4.84 97.4
27-MS=2 48.0 0.275 31.813 0.31 1.583 — 0.011 0.513 10. 6 4.87 98.0
27-MS3 48.3 0.323  31.918 0.38 1. 64 0.031 0. 002 0. 605 10. 6 4.90 98.6
41-MS4 50.7 0.395  30.382 0.19 1.752 0. 009 0. 000 0.287 11.1 4.97 99.8
41-MSH 49.5 0.245  30.969 0.34 1. 665 — 0.001 0.242 11. 1 4.92 99.0
41-MS-8 48.5 0.163  33.337 0.32 0.763 — — 0.399 10.7 4.94 99.2
41-MS9 48.7 0.259  32.359 0.55 0. 898 0.031 — 0.353 11.1 4.93 99.2
124-MS4 48.7 0.109  32.196 0. 44 0. 568 0.12 0.024 0.152 11.2 4.89 98.3
124-MS=2 48. 8 — 32.766 0. 69 0.422 0.034 0.032 0.317 10. 6 4.91 98.5
124-MS3 47.3 0.068  32.367 2.57 0.021 0. 009 0.019 0.476 11.0 4.85 98.7
38-MS4 51.5 0.384  28.318 0.56 2.673 — 0. 020 0. 264 10. 8 4.95 99. 4
38-MS3 - 49.7 0.206  31.761 0.20 0. 848 — 0. 000 0.324 10.6 4.93 98.6
38-MS-6 49.7 0.329  30.602 0. 47 1.724 — 0.011 0.238 10. 6 4.92 98.7
406-MS- 49. 6 0.467  27.415 0.38 4. 057 — 0. 020 0. 396 11.0 4. 86 98.2
406-MS-=2 50.0 0.302  27.838 0.26 3.878 0. 004 0. 001 0.427 11.0 4. 89 98. 6
406-MS-6 48.2 0.553  28.158 0.83 3.299 — 0.011 0.521 10.7 4.80 97. 1
452-MS4 51.0 0.15 28.723 0.24 2.375 0. 062 0.017 0.258 10.6 4.91 98.4
452-MS4 49.7 0.462 27.95 0.33 3.027 — 0. 009 0. 300 10.9 4. 84 97.5
452-MS-5 50.9 0.258  25.932 1. 12 3. 809 — 0.014 0. 286 10.9 4.85 98. 1
214-MS4 48.9 0.189  30.145 0.62 2.295 0.028 0. 000 0. 389 10. 8 4. 88 98.2
214-MS-5 48.1 0.42 30.75 0.76 2. 498 — 0.031 0. 396 11.0 4.88 98.8
214-MS-6 47.7 0.947  29.709 1.52 2.223 0. 005 0. 000 0.554 10.9 4.84 98.4
214-MS-8 49.1 0.316  29.424 0.52 2. 687 — 0. 000 0.511 10.7 4. 87 98. 1
44-MS=2 44. 4 0. 205 11. 625 1.48 25.095 0.147 0.014 0. 149 10.6 4. 66 98. 4
44-MS+4 49.0 0.409  28.315 1.41 3.047 0.018 0.012 0.71 10.3 4.85 98.0
44-MS-5 48.7 0.398  28.458 1.49 3.036 0. 026 0. 027 0.753 10.5 4. 84 98.2
51-MS4 49.0 0.245  30.022 0.34 2.124 — 0. 002 0.438 10. 6 4. 86 97.6
51-MS-5 47.9 0.344  31.344 0.13 1.84 — 0.010 0. 463 10.6 4. 85 97. 4
51-MST 52.8 0.021  27.481 0. 06 3.139 0.014 0. 060 0. 105 9.78 4.96 98.4
51-MS9 49.3 0.419  28.846 0.34 2.974 — 0. 124 0.526 10.5 4. 87 98.0
226-MS4 49.5 0.625  29.207 0.52 2.176 0. 006 0.021 0.357 11.1 4. 88 98.3
226-MS=2 50.7 0.272  30.316 0. 40 1.791 — 0. 009 0. 345 10.6 4.97 99.5
226-MS3 49.9 0.109  28.847 0.95 2.224 0. 009 0. 000 0.249 11.1 4.87 98.3
671-MS3 45.6 0.479  11.695 5.43 20.294  0.262 0. 036 0.262 10.5 4.63 99.1
671-MS-5 48.1 0. 402 28.09 0. 89 3.192 0.03 0.018 0. 505 10. 8 4.78 96.7
671-MS-6 49.2 0.403  28.278 0.72 3.304 0. 046 0. 026 0.518 10. 8 4. 86 98. 1
602-MS4 47.8 0.217  27.287 6.19 0.224 0. 049 0.023 0. 085 10.3 4.69 96. 8
602-MS=2 51.4 0.123  27.456 0.92 3.026 0. 04 0. 006 0.29 10.6 4.91 98.8
602-MS-3 51.0 0.286  25.818 4. 68 1.225 0.015 0. 028 0.047 10.5 4.82 98. 4
602-MS+4 49. 1 0.082  30.313 2.61 0.434 0. 003 0. 000 0. 025 10.7 4.84 98. 1
986-MS4 47.4 0.455 23.243 4.99 5.489 0.735 0. 000 0. 346 10.3 4. 69 97.6
986-MS=2 48.2 0.359  23.781 4.35 4.762 0.568 0.019 0.429 10.3 4.71 97.5
986-MS-3 47.6 0.357  23.765 4.79 4.778 0.788 0. 000 0.399 10.4 4. 69 97.5

+ ( )
o 1
- 6
- Ko 5735 Nag gos6 0,060 Alo 06865130313 3.9090 O3 Si0,

6 o K,0/Na,0  12.17 ~18.96
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3 (wt%)
Table 3  Electron microprobe analyzing results of pyrite in Shapinggou molybdenum deposit ( wt% )
Si0, TiO, Al O, FeO Co Se As Mo S Ni Total
27 2py- — — — 45.7 — 0.123 — 0. 834 52.5 — 99.2
27 2-py-2 — — — 45.6 0.304 — 0.022 0.818 52.6 0.010 99.3
272py3 — — — 45.7 0. 296 0.333 — 0.793 52.8 — 99.9
274 pyT — — — 46.0 0.528 0. 358 — 0.814 52.7 — 100
274 py-8 — — — 45.5 0.224 0. 185 0. 009 0. 853 52.3 — 99.0
273-py9 — — — 45.1 0.377 0. 037 — 0. 884 53.1 0.005 99.6
273 py40 — — — 45.1 0. 104 0.543 — 0.798 53.0 — 99.5
273 pyd1 — — — 45.6 0. 464 0.234 — 0.812 52.8 — 99.9
444 pyT — — — 46.4 0.241 — 0.011 0. 835 51.8 — 99.3
444 py-8 — — — 45.9 0. 603 0.236 0. 004 0.813 52.3 — 99.9
44-6py-19 — — — 46.2 0. 344 0. 148 — 0. 878 51.6 0.009 99.1
44-6py-21 — — — 45.5 0.216 0.617 — 0. 845 51.9 0.029 99.1
K,0/Na,0 97.69 ~ 115 o (2013) Mg
HEERGE W
X © ak=a
+ bR
( ) O TEME M =
Si0, K,0/Na,0  28.46 ~45.47 . & SEREREARASE
/ K* .
- L 2
20
( 6)o
3 - ] i o
im -§p
’ ’ ’ AFLFE T Fe' +Mn
7
i . Fig.7  Classification of sericite from Shapinggou molybdenum
1 deposit
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4
Table 4

molybdenum deposit

Paragenetic sequence of Shapinggou porphyry

B HTE

T L i 0 - P T I | 3 - R PR -0 5 IR IR 5 - B - 1 R

wich

R

BT

ke —

Gl

Eaet]

£l B

L —g——

ERE

e —

B

i xib) —

Hing

e —

Miee —_—

RELn

¥

fit 1

Ll —

WA

S/Fe
S/Fe

1.149 ~

1. 178; - - 1.117 ~

1. 141 o Mo

4.2
( 2014)

Mo.Fe.Cu.Pb.Zn
( S.CO,.H,.N,.CO.CH,.F~ )

Acta Petrologica Sinica

2015 31(9)

( Hedenquist and Lowenstern

1994)
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al. 2000) -
+ o Mo. Al
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2012; 2014) .
- - +
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