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Abstract

T he discovery of the Houw anling Pb-Zn deposit in Ledong County of Hainan Province has been a very im-
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portant achievement in ore exploration of Hainan Province in recent years. The Houwanling deposit contains
proved Pb+ Zn metal reserves of 290 thousand tons with average grades of Zn 2. 23% and Pb 0. 95% . T he de-
posit is hosted by the Cretaceous Qianjia pluton which had a crust mantle mixed origin due to intermittent mag-
matic intrusion and was produced in a post collisional extensional environment in middle late Jurassic period.
T his cale-alkaline-dominated pluton, which is extremely depleted in Ba, Nb, Ta, Sr, P and Ti and relatively
enriched in Rb, K and Pb, shows a shift from high-K to shoshonite association and is characterized by obvious
succession in composition and structure. The Qianjia pluton comprises the monzogranite-granodiorite- syenog ran-
ite association and is geochemically characterized by high REE content (ranging from 122x 10™° to 411 x
10” %), moderate to high negative Eu anomalies (8Eu = 0. 13~ 0. 69) and relatively high LREE/ HREE ratios
(6. 74~ 16.32). There existed lots of hydrothermal fluids during the evolution of granitic magmas. Further
more, the abundances of Pb and Zn in rock-forming minerals of the Qianjia pluton ‘s granites are much higher
than those in the earth’s crust. Deep heat and high content of radioactive heat producing elements (such as K,
Rb) in the shallow part caused convective circulation of hydrothermal fluids in the shallow part, which
continuously extracted metallogenic material in a fairly long time. At last, sphalerite and galena were deposited.
T he deposit is strictly controlled by both the Qianjia pluton and the NNW-nearly SN trending transtensional
faults, whereas the ore bodies are largely hosted in the NNW=nearly SN transtensional fault zones or distributed
adjacent to the fault zones. Based on thin section observation, the authors obtained abundant important informa
tion: course-grained pyrite and fractured pyrite were filled with chalcopyrite, indicating that some of the course-
grained pyrite underwent faulting activities, and course-grained pyrite was generated earlier than chalcopyrite
with mesh texture at a temperature of 300~ 400 C; skeletal texture resulted from replacement of course-grained
pyrite by sphalerite, indicating that sphalerite was generated after course-grained pyrite; corona texture resulted
from replacement of chalcopyrite by covellite, indicating that covellite was generated in the shallow part at a low
temperature below 300 C; emulsion texture and grating texture resulted from the separation of chalcopyrite from
sphalerite, indicating that chalcopyrite— sphalerite solid solution had a initial temperature of about 550 C. Gee
logical data reveal that the Houw anling Pb-Zn ore deposit probably underw ent multistage m ineralization and ex
perienced at least more than four main stages of hydrothermal mineralization: (Dthe generation of course-grained
pyrite at early stage of mineralization; @) the deposition of sphalerite mainly at the middle stage of mineraliza-
tion; @ the formation of chalcopyrite mainly at the middle or late stage of mineralization; ®the generation of
galena mainly at the late stage of mineralization. The ore-forming fluid might have been released from fractiona
ting porphyry magma. The authors thus consider that the Houw anling Pb-Zn deposit is a hydrothermal veis-type
deposit in peripheral or supergene location of the porphyry system, strictly controlled by NNW-nearly SN
transtensional faults and formed in an extensional environment of post collision in late Cretaceous. On such a ba
sis, a metallogenic model to explain ore genesis of the Houwanling PbZn ore deposit is put forward in this
paper.

Key words: geology, geochemistry, ore-controlling factor, hydrothermal vein-type deposit, Houw anling
Pb-Zn deposit, Qianjia pluton, Hainan Province
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Fig. 1 Geological schematic map of Qianjia batholith, Hainan Province
1 —Quatemary; 2—Cretaceous; 3 —Schist of Ewenling Formation in Changcheng System; 4 —Gneiss of Gezhencun Fomation in Changcheng Sys-
tem; 5S—Lower Paleozoic; 6—Late Cretaceous Daxiaoling unit syenogranite; 7—Late Cretaceous Diaoluoshan unit monze- syenogranite; 8 —Late
Cretaceous Baoting unit monzogranite; 9 —Late Cretaceous Jiamao unit granodiorie; 10—Early Cretaceous Fushidou unit monzogranite; 11 —Early
Cretaceous grane- diorite porphyrite; 12—Early Cretaceous granodiorite porphyry; 13 —Early Cretaceous granite porphyry; 14 —Late Cretaceous
granite porphyry vemn; 15 —Triassic granite; 16 —Permian granite; 17 —Granite of Changcheng Period; 18 —Cretaceous voleanic rocks; 19——De-
posit (orespot) and its serial number: (D Shimenshan Me- Pb- Zn polymetallic deposit; @ Shimenshuiku Mo deposit; & Daogongcun Pb-Zn-Cw U
deposit; @ Kanshuling Ag deposit; GHouwanling Pb-Zn deposit; © Shenghong Pb deposit; (@D Nanzhai Pb deposit; @ Baogaocun Mo deposit;
20 —Geochemical sampling location; 21 —Isotopic sampling location and analytical method; 22 —Fault; 23 —Geological boundary
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1
Table 1 Isotopic ages of Qianjia pluton
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Fig. 3 SiO>K,0 diagram (a) (Morrison, 1980) and SEw SiO; diagram (b) for granitoids of Qianjia pluton
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2
Table 2 Major and trace elements of Qianjia pluton
GX VI3-1 QV41 GX VI 1 QV10-1 QV132 QV81
w(B)/ %
Si0, 64. 32 68.21 66. 92 70. 33 74. 82 71.67 74.58
Ti0, 0.70 0.48 0.55 0.35 0.15 0.25 0.12
ALO; 14. 88 14. 41 14.28 13.99 12.96 13.52 13.12
Fe, 0,4 2.36 1. 11 2.56 1.70 1. 12 2.06 0. 89
MnO 0.07 0. 06 0. 06 0.06 0. 04 0. 06 0.03
MgO 2.41 1. 88 1.90 0.9 0.31 0.63 0.29
CaO 4.04 3.05 3.23 1.97 0.11 1.22 0.35
Na,O 3.39 2.98 3.35 2.65 2.76 2.62 2.62
K,0 3.81 4.13 4.01 4.65 5.05 5.71 5.96
P,0s 0.20 0.14 0.10 0.09 0.04 0. 06 0.05
o, 0.03 0.08 0.03 0.27 0 0.04 0.02
1LOI 3. 66 3.38 1.75 2.92 2.21 1.98 1. 81
99. 87 99.91 98. 74 99. 88 99. 57 99. 82 99. 84
w(B)/107°
Ba 500 640 470 294 253 452 124
Rb 154 170 174 131 198 292 351
Sr 380 370 370 211 71 102 113
/r 140 133 122 163 140 195 136
Nb 12.0 10.7 11.5 11.6 12.3 14.3 18.0
Y 18.0 14.2 15.9 19.6 16.7 42.9 56.0
\ 78.0 67.3 59.0 34.0 13.3 17 7.9
Co 10.0 7.9 17.0 4.6 1.7 5.4 1.0
Ni 12.0 10. 6 21.0 1.5 0.3 5.2 0.8
Cu 5.0 2.8 9.0 2.7 2 23.5 8.4
Zn 50 37.4 172.0 48.5 23.7 73.0 20. 6
La 47.6 44. 1 66. 4 30.5 23.1 101. 4 49. 4
Ce 80.6 74.5 83.1 62.6 58.1 141.2 103.0
Pr 9.5 8.6 9.5 7.7 6.2 25.1 13.1
Nd 35.8 25.9 35.9 28.1 19.7 90.7 45.1
Sm 7.0 4.4 6.3 5.7 4.1 16.2 9.1
Eu 1. 34 0. 84 1.08 0. 87 0.41 1.26 0.36
Gd 4.29 3.22 3.55 4.55 3.08 11.51 8. 13
Th 0.78 0.43 0. 64 0. 68 0.47 1.78 1.55
Dy 4.74 2.58 4.00 4.01 2.95 9.52 9.63
Ho 0. 83 0.52 0.70 0.76 0.58 1.69 1.82
Er 2.12 1.37 2.01 1.89 1.63 4.37 5.42
Tm 0.34 0.23 0.31 0.29 0.27 0. 69 0. 86
Yb 2.08 1.35 1.94 1.53 1.76 4.46 5.23
Lu 0.32 0.22 0. 30 0.24 0. 26 0.70 0.76
Hf 5.1 4.8 4.5 5.3 3.8 6.2 4.5
Ta 0. 80 0.76 0. 80 0.33 0.5 0.8 2.18
Pb 24.0 17.5 38.0 26. 1 19.5 37.6 36.7
Rb/Sr 0.41 0.46 0.47 0.62 2.79 2.86 3.11
Rb/Nb 12.8 15.9 15. 1 11.3 16. 1 20. 4 19.5
K/ Rb 205 202 191 295 212 162 141
Nb/Ta 15.00 14.10 14. 40 35.20 24. 60 17.90 8.26
Zr/Hf 27.5 27.7 27.1 30.8 36.8 31.5 30.2
(La/ Yb) y 16. 42 23.43 24.55 14. 30 9. 41 16. 31 6.78
o 2.43 2.01 2.26 1.95 1.92 2.42 2.33
SEu 0. 69 0. 65 0. 64 0.51 0.34 0.27 0.13
ASIT 0. 87 0.97 0.91 1. 08 1.27 1. 06 1. 15
SI 17. 10 15.20 14. 00 7.85 3.03 5.34 2.70
Y.REE 197. 34 168. 26 215.73 149. 42 122. 61 410. 58 253.46
Y LREE/ XHREE 11.98 16. 32 15.38 9. 88 10. 39 11.05 6.74

, 2008



1218 2012
0.25 6.50
P,0, K,0
6.00f -
0.20f .
s.50f
Ro.15p . = 5.00f *
S, a
) < *
Fo.10p = 4.50¢
¢ L 4
4.00f .
*
0.05f 23 *
. 3.50F
660 i " i i i 508 . i : i i
640 660 680 700 720 740 760 640 660 680 700 720 740  76.0
w(8i0,)/ % w(8i0,)/ %
3.60 3.00
Na,0 MgO
3.40fe
2.50f
&
3.20F
2.00f
s 3.00f - ) ¢ o
~ X
8 —
2,230 E - % 1.50}
=2.60f ¢ . * )
1.00f &
2.40f
*
0.50f
2.20f P
2.00 . . . . . . . . . . .
640 660 680 700 720 740 760 640 660 680 700 720 740 760
w(Si0,)/ % W(Si0,)/ %
0.80r 15.5
TiO, ALO,
0.70fe 15.0f
*
0.60f
14.5} .
*
o 0.50F
z * = 14.0f *
So.40f =)
g L4 < 13sf *
0.30f
* *
- 13.0f *
4
0.10F . 12.5¢
i 5 i i i i 56 ; : : i ;
640 660 680 700 720 740  76.0 640 660 680 700 720 740  76.0
W(Si0;)/ % w(Si0) /%
4
Fig. 4 Harker diagrams show ing chemical variations of granitoids in Q ianjia pluton
: (J=J) (2004; 2007)  , -
(Kr-K») , NNE
NE
( ;
1997, , 2003; , 2004; 2005; 2006) ,
2
50 km, s s R M aniar
(1989) :



31 6 : 1219

1000 1000
100
1100 -
W& =
. =
& £ 10k
% N
~ ~ -
N EF
10 [
1F
. ol
La Ce Pr Nd Sm Bu Gd Tb Dy Ho FEr Tm Yb Lu R T B N s T Ed by e T B
5 (a) (b) ( Sun et al. , 1989)
Fig. 5 REE patterns (a) and incompatible element spidergrams (b) of granitoids in Qianjia pluton
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w(B)/107°
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Mo <0.5 <0.5 <0.5 <0.5
Cu <10 < 10 < 10 < 10
Pb 25 20 < 10 ~ 10
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Ag < 0.2 <0.2 <0.2 x
Mn < 100 100 250 1500
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2 2 2 2
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(a) i (b) i () i (d) ;
(e) 2 (1) .
Py — ; Gal— ; Sph— ; Cp— ; Cv—
Fig. 8 Microphotographs of Qianjia pluton (1)
(a) Early stage course-grained pyrite; (b) Skeletal texture resulting from replacement of pyrite by sphalerite; (c¢) Sphalerite replacing early stage
course-grained pyrite; (d) Emulsion texture; (e) Grating texture; (f) Mesh texture resulting from crushed pyrite, and corwna texture resulting
from replacem ent of chalcopyrite by covellite

Py —Pyrite; Gal—Galema; Sph—Sphalerite; Cp—Chalcopyrite; Cv—Covellite

ZnPbCuS ’

(.. 89 :



1222 2012

R Cu Mo

( 8e), 550°C :

(e). 2(0). « »
Py — ; Gal— ; Sph— ; Cp— ; Hm—

Fig. 9 Microphotographs of Qianjia pluton ( 2)
(a). Sphalerite replacing curved hematite; (b). Tectonic sress curved galena; (c¢). Stellated texture; (d). Chalcopyrite replacing sphalerite;
(e). Chalcopyrite replacing hematite; (f). “ Black trianglé’ resulting from replacement of sphalerite by gal ena
Py —Pyrite; Gal—Galena; Sph—Sphalerite; Cp—Chalcopyrie; Hm—H ematite
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U-Ph 87Ma 83 Ma( 1), , ( 86, . CuFeS;
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Fig. 10 Microphotographs of Qianjia pluton ( 3)

; Gal— ; Sph—

; Po—

(a) Tiphorn metasomatic texture resulting from replacement of sphalerite by galena; (b) Late stage fine grained pyrite in sphalerite; (c¢) Late stage

fine grained pyrite vein filed in early stage Cataclastic course-grained pyrite; (d) Late stage course-grained galena
Py —Pynte; Gal—Galena; Sph—Sphalerite; Po —Pyrrhotite
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Fig. 11 Schematic diagram of metallogenetic model for the Houwanling Ph-Zn deposit
1—Pre Devonan metasedimentary rocks ( Gezhencun Fomation and T wlie Formation); 2—Late Cretaceous monzograniie; 3—Late Cretaceous
syenogranie; 4 —Late Cretaceous granite poyphyry; 5 —Structural fracture zone; 6 —Sericitized zone; 7—Greisenized zone; 8 —Pb-Zn orebody;

9—Mo orebody; 10—Ag orebody; 11 —Mixed hydwothermal solution; 12—Magmatic hydrothermal solution; 13 —Atmospheric water
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