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Abstract

A large number of vein lead, zinc and silver polymetallic ore bodies are developed in Zhenlongshan area,
Guangxi. At the same time, many granite porphyry and quartz porphyry rock bodies are exposed. The rocks and
ore bodies are controlled by the near East-West Yangjiaoshan-Changmaoling fault. Based on the detailed field
geological work, the petrological, geochemical and zircon geochronological characteristics of typical intrusive

plutons in the region are studied. The composition of major and trace elements shows that the SiO, content of Zh-
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ifushan granite porphyry is 63.59%~68.78%, w(K,0) is 4.5%~5.68%, and w(MgO) is 1.07%~1.77%; the SiO,
content of Changmaoling granite porphyry is 66.67%~69.75%, w(MgO) is 0.71%~2%, and w(K,0) is 1.54%~
3.91%. The two rocks are characterized by high silicon, rich potassium and low magnesium, with A/CNK>1.1,
showing the characteristics of peraluminous rocks. Both rocks are rich in Rb, K, Ba, Th, U and other large ion
lithophile elements, while they are deficient in Nb, Sr, P, Ti and other high field strength elements. The average
value of the total amount of rare earth elements (XREE) is 187.94x10°. The rare earth distribution model shows
that the light rare earth is relatively enriched in the right dip type, with obvious Eu negative anomaly. The geo-
chemical and petrographic characteristics show that the granite porphyry in this area is high potassium calc alka-
line peraluminous S-type granite, and the rock mass has experienced a high degree of crystallization differentia-
tion. Zircon U-Pb dating results show that the diagenetic ages of Zhifushan granite porphyry, Changmaoling gran-
ite porphyry and Ximatang quartz porphyry are 92~95 Ma, which are formed in the post-collision extensional en-
vironment. The diagenetic materials are mainly derived from the partial melting of the upper crust material, and a
small amount of mantle-derived materials are added. The polymetallic deposits in Zhenlongshan area show the
mineralization zoning from high temperature to low temperature around the rock mass on the plane. The diagenet-
ic and metallogenic epochs are consistent in time, indicating that there is a genetic connection between magmatic
activity and mineralization. The deposits in this area are magmatic hydrothermal deposits. Late Cretaceous mag-
matic hydrothermal metallogenic event is a part of Late Yanshanian magmatic metallogenic event in South China,
caused by the subduction of Pacific plate in Late Cretaceous.
Key words: geochemistry, granite porphyry, zircon U-Pb dating, rock genesis, Zhenlongshan, Guangxi
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Fig.1 Regional geological map of Zhenlongshan area(modified after Hu et al., 2012)
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Fig.2 Rock mass samples and petrographic photos of Zhifushan, Changmaoling and Ximatang plutons

a. Mottled structure, mottled crystals of feldspar, quartz and mica, later calcite veins interspersed (ZFS-10, hand specimen); b. Arsenopyrite devel-

oped within calcite veins, pyrite enrichment on vein sides (ZFS-8, orthogonal polarized light); c¢. Chalcopyrite-pyrrhotite-sphalerite-pyrite (ZFS-10,

reflected light); d. Mottled structure, mottled crystals of quartz and feldspar, tourmaline visible; e. Tourmaline, arsenopyrite and quartz; f. Pyrrhotite,

chalcopyrite, sphalerite (ZMS-8, reflected light); g. Quartz and biotite; h. Tourmaline (orthogonal polarized light, ZD059-1);

i. Arsenopyrite vein (XMT-1, reflected light)
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Table 1 Petrogeochemical analysis results of Zhifushan and Changmaoling granite porphyry in Zhenlongshan area

HIy ZFS-8 ZFS-9 ZFS-10 ZFS-12 ZFS-14 ZFS-15 CMS-3 CMS-4 CMS-5 CMS-7 CMS-8

w(B)/%

Sio, 64.15 63.59 65.83 64.42 67.58 68.78 66.67 67.61 67.64 69.75 68.75
ALO, 13.33 13.34 14.44 14.05 14.01 14.14 13.65 15.31 15.64 14.08 12.98
Ca0 342 3.50 251 2.93 2.12 2.56 3.13 2.16 2.13 3.34 321

Fe,0, 2.07 1.97 1.90 1.69 1.24 1.66 3.47 2.96 2.73 2.05 2.85
FeO 1.94 2.05 1.91 1.67 1.54 1.45 1.73 0.57 0.65 1.70 1.79
K,O 3.50 3.80 3.68 4.19 5.53 5.09 3.54 3.63 3.91 2.49 2.36
MgO 1.74 1.77 1.20 1.49 1.42 1.07 2.00 0.71 0.72 2.88 1.61
MnO 0.11 0.12 0.07 0.09 0.09 0.07 0.01 — — 0.01 0.01
Na,0 0.31 0.42 0.52 0.85 0.11 0.72 0.47 1.65 1.38 0.66 0.32
P,0. 0.14 0.15 0.16 0.15 0.12 0.13 0.01 0.12 0.13 0.02 0.09
TiO, 0.50 0.48 0.54 0.50 0.36 0.39 0.57 0.65 0.68 0.63 0.51
co, 4.93 5.19 2.86 4.03 2.83 2.16 0.19 — 0.90 0.44 0.32
H,0* 2.28 2.54 2.22 2.26 2.10 2.52 1.72 2.44 3.08 0.98 2.16
BaR Ak 6.62 6.89 5.55 591 471 4.59 291 4.57 4.54 1.69 3.65
w(B)/10°6
Li 33.10 31.50 48.10 34.00 19.10 66.30 6.83 105.00  136.00 14.20 18.10
Be 3.85 4.46 3.92 3.69 3.20 3.23 3.77 439 4.69 5.16 4.62
Mn 92900  963.00 57600  793.00  695.00  588.00 73.60 23.40 23.50 65.70 38.80
Co 791 6.95 8.60 7.07 375 543 10.40 6.75 7.92 2.01 19.10
Ni 7.88 11.00 9.23 8.93 10.90 13.30 5.82 6.99 9.09 0.38 6.10
Cu 16.60 20.60 21.20 15.40 34.40 40.50 25200  265.00  270.00 52.20 460.00
Zn 226.00 34000  251.00  232.00  348.00  233.00 12.70 4.20 3.77 19.70 18.70
Ga 19.00 19.10 20.20 19.50 17.60 19.50 33.00 21.50 21.70 29.30 26.20
Rb 32000  317.00  311.00  311.00  317.00  330.00 87.90 24800  263.00 13090  152.00
Sr 78.10 83.20 10400 102.00  117.00 90.80 21.30 90.90 78.70 51.30 33.70
Mo 1.90 1.78 1.88 1.94 241 236 497 1.26 1.50 0.20 1.36
cd 4.44 6.77 487 435 8.06 5.36 0.64 0.26 0.19 0.70 0.54
In 0.09 0.15 0.10 0.10 0.22 0.13 0.19 — — 0.23 0.28
Cs 23.00 22.90 20.60 20.70 19.00 19.20 425 17.30 19.00 2.01 7.66
Ba 618.00 64400  882.00  847.00 116500  797.00  372.00  684.00  769.00  340.00  395.00
Tl 3.89 3.83 3.85 372 3.32 3.39 0.90 2.52 2.84 0.18 1.36
Pb 142.00  137.00 99.40 35.00 459.00  170.00 60.60 26.80 29.40 50.90 159.00
Bi 0.06 0.18 — — 0.25 0.10 531.00 23.90 11.40 24.20 43.10
Th 28.70 28.20 29.30 27.70 41.40 40.40 24.60 21.80 22.80 15.90 15.30
U 6.25 6.00 6.38 6.10 5.96 6.05 4.88 4.08 10.20 2.88 3.56
Nb 16.30 16.40 17.30 16.20 18.70 18.50 16.90 16.40 17.30 16.10 13.90
Ta 1.32 1.33 1.38 1.33 1.43 1.46 1.46 1.21 1.38 123 1.22
Zr 250.00  241.00  261.00  249.00  253.00  243.00  223.00  247.00  281.00  210.00  207.00
Hf 6.39 6.44 6.92 6.54 6.71 6.84 5.98 6.46 7.35 5.58 5.74

Ti 2997 2951 3321 3122 2263 2395 3382 3838 4128 3679 3018
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Continued Table 1
Hoy ZFS-8 ZFS-9 ZFS-10  ZFS-12  ZFS-14  ZFS-15 CMS-3  CMS-4  CMS-5  CMS-7  CMS-8
w(B)/10°6
W 5.75 6.05 5.72 5.32 3.48 5.54 33.30 20.50 21.60 14.70 23.50
As 430 317 43.1 67.6 382 662 24480 1718 1836 1705 8178
v 48.30 47.80 54.00 50.80 42.50 44.90 47.50 60.00 60.50 56.00 48.80
La 47.30 45.90 47.30 45.00 52.70 52.30 11.50 52.30 48.00 16.60 22.40
Ce 95.40 91.30 93.90 88.70 108.00 107.00 24.60 89.70 95.20 35.70 47.20
Pr 12.20 11.70 12.40 11.50 13.70 13.80 3.20 14.20 13.60 4.80 6.50
Nd 36.30 35.10 37.00 35.90 42.20 40.50 9.93 45.20 44.70 14.70 19.70
Sm 6.61 6.73 6.92 6.46 7.63 7.31 1.86 7.95 8.33 2.66 3.44
Eu 1.13 1.15 1.08 1.08 1.14 0.96 0.26 1.17 1.29 0.36 0.43
Gd 6.34 6.29 6.54 6.26 6.78 6.75 1.85 8.55 8.43 2.75 4.10
Tb 0.91 1.20 1.23 1.14 1.23 1.21 0.37 1.55 1.59 0.51 0.95
Dy 4.40 461 4.74 4.46 431 451 1.70 6.01 6.34 2.02 4.18
Ho 0.83 0.88 0.88 0.84 0.76 0.83 0.38 1.22 1.26 0.41 0.85
Er 2.43 2.45 2.47 242 2.08 2.28 1.16 325 3.51 1.19 2.48
Tm 0.35 0.35 0.35 0.36 0.30 0.31 0.18 0.45 0.52 0.18 0.39
Yb 2.62 2.75 2.75 2.74 2.34 2.37 1.63 3.50 3.64 1.49 2.78
Lu 0.31 0.32 0.35 0.32 0.28 0.28 0.23 0.41 0.45 0.19 0.35
Sc 7.32 7.26 8.31 7.62 6.60 6.94 7.30 8.41 8.40 7.11 8.05
Y 24.60 25.60 25.70 25.10 23.80 23.20 20.10 37.00 35.80 21.20 24.90
Cr 18.70 18.50 20.00 19.50 34.10 32.50 11.20 14.70 15.50 13.30 11.30
Sn 32.00 30.10 27.50 23.50 51.10 31.80 135.00 32.90 31.80 144.00 179.00
Sb 121.00 115.00 49.70 39.30 323.00 147.00 99.50 15.30 13.80 17.30 31.90

T " FOR R T R

HOETE I B B0 AT RS B T T A B S i A i &
A REUT H ), ZFS-T7 Bk 1A A A1
AEWA A (92.5+1.9) Ma (MSWD=2.8, n=11, [#] 8a) ;
XMT-13 Gt 134> g8, IACE-44FE % 4 (93.542.1)
Ma(MSWD=3.2, n=13, [&] 8b) ; CMS-1 fifi & H} 13 />
JL IBCE Y 4R 9 (94.9+1.6) Ma(MSWD=2.4, n=
11, & 8¢c)-

4 F

4.1 Z=ABRESH

H A58 el v e hy 3t 3 42 52 AR 9 46 B
AR 43258 S-1-M-A (Chappell et al., 1974;2000) ,
1 DA 5 2 R R B MO AE 5 A D N A T
A A E BT )R XA 1A S = FP 2B AVTE 5 A 1)
A %bR & (Miller, 1985; %48 7T, 2007) . $LAI Yy S A

1 50 5 A% B 4E Ba, St/Ba<0.5, 1 B AE i A A% 5 46
Sr, St/Ba>0.5, 1Jif LA 4 (1) Sr/Ba 47 0.1~0.12, K I
W AR 1) Sr/Ba=0.06~0.12, ¥ /N T 0.5; 78 10000Ga/
Al-w(Y) E i (& 9a) , T A A 3576 A 1&S BIAE
X3P, 7E w0(S10,)-0(Zr) i (1 9b) H, Fr AT FE i
HIEA S BRI F L, w(Si0,) 5 w(P,05) & HAH K
KZR(EI10), R SHUAE R A RHIE ; — B 5, S Bk
A A 2t R KRG 25 T Ca Na %50 &K |, i)
FHXF Ca Na i & , S BIAE X %5 Fe K 7 i 0 iy (42
85,2021) A X AL b A B HAT FERURRAE ; LLAM, FE TR
IR AR o R LA I B, 255 A2
HERAL2AAFAE I E R X AL B 5 TR T S BUAE b

SHURE LU AR W 0 AR 1 7 £ 0 R BB A
B UEAL 70 A5 T2 S48 B 7n i ELA B G 1) B4 5
VLA AL T — 2R E N RHC A B 4 e,
SEAEKEuRAZ, MEICE B A kbR E %
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Fig.3 QAP diagram of Zhifushan and Changmaoling granite
porphyry samples
Q—CQuartz; A—Alkali feldspar; P—Plagioclase (modified after
Streckeisen, 1976)

Rb.Th Nd, i Ba Nb.Sr,Rb JCLEA B N58 A AHE
JLE, MAEX 2 A R b JAR X & 4 UL e A A B
B FR AR AT T — N e A AR
SR T B R R A (5K %, 2019) . Srot
R 7 IR TR AT RHS A 0 5% FE s ah o B Ve
B & . — A Rb/Sr L (H 2 5 3% 1 1k i 7 P i
WX 48 /R 71, Rb/Sr HUAELEE R, 200K 0 S A B AT

6 O FAFILIEKHE a
O KA 1E K Bt s ¢)

5 -

4k WX ERY

o 8
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80

G WA R A KBRS R o B A A
K (FRIE,2018)
4.2 BHRIBFERXRER

PGB e L M DX AE B BE A P Y Nb/Ta 1958
9.52~15.45, Y4230 76 %5 J 1) Nb/Ta LA (58
4% Nb/Ta 19 A R 12~13, #8253 Nb/Ta ) FLE N
5.5~19.5) , W 55 X A€ i) BE 7 il 2 0 &K LU (P Y 1{E
(Th/Nb=1.609, Th/La=0.671, La/Yb=2.398, Rb/Sr=
3.158) B 433w oK il i 5¢ 19-F- Y49 {E (Th/Nb=0.44 , Th/La
=0.204,La/Yb=2.2,Rb/Sr=0.35) , Ifij 5 [ fifs Hb 0 Fit) °F-
YA B AN . 4B KBS U/Th /9 L (B 7E 0.070~
0.667 724k, YI(H M 0.37, 725 T-Hb5E 2418 0.26, # S2 k
L0 SR URARE R I AE B B 0 B ) T
KR T HLoT . BEFE R, IR T b Hb 5w i A
w(Th)(>10x107°) Lw(Pb)(>20x1076) 1(U)(>2x107)
HAX %5 75 (Rudnick et al.,1995) , 57 X 46 5 A 24 HA
FHRLA AL RRAE , R R T A Kot . =M
JG# Th/Yb-Ta/Yb &l it 68 A 2 A 5 25 2 4 mi
(Pearce,1982) , #E (& 11) B ke S S ¥ F L
M7 X, L4 dh oy Sl . Zo/HfE (Dl 35.53~
39.12 (F-537.55) , 35235 F Mo SF- 2408, 156 B ] B
WY RS E T ARG BCAEER . TS
(2012) % X P e Sk 1l RSP K Ll R F- 8 4R 1Y
WFFE 25 AL 2R RIS, A 3R B2 LRI, O
Hulfigfs iR A

2.8+ ' b
L : O
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Fig4 w(SiO,)-w(K,0) diagram(a, after Peter et al., 1989) and A/CNK-A/NK plot (b, after Maniar et al., 1989) of granite
porphyry from Zhifushan and Changmaoling
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Fig.5 Primitive mantle-normalized trace element spider dia-

grams of granite porphyry from Zhifushan and Changmaoling
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Fig.6 Standardized distribution pattern of rare earth element
chondrite-normalized of granite porphyry from

Zhifushan and Changmaoling
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Fig.7 Represent zircon CL images of Zhifushan, Changmaoling and Ximatang plutons
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Fig.8 Zircon age harmonic diagram of Zhifushan, Changmaoling and Ximatang rock masses
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Fig.9 10000Ga/Al and w(SiO,)- w(Zr) diagrams of the Zhifushan and Changmaoling granite porphyry (modified after
Chappell et al., 2000)
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800 N JZS b 5 2022 4

R2 AL AR %D IEEME LA-ICP-MS #5748 U-Ph ik 45 R
Table 2 LA-ICP-MS zircon U-Pb analysis results of Zhifushan, Changmaoling and Ximatang plutons

w(B)/107 A3 2 oA A/ Ma
Wi 238y 22Th 206pp o 200Pp/238Y +% 207pp/235Y +% 206pp/238Y +18
ZFS-7-1  2070.26 1988.45 70.6 0.96 0.0125 0.0007 0.0792 0.0083 80 5
ZFS-7-3  1274.02 614.49 30.96 0.48 0.0135 0.0003 0.0856 0.014 86 2
ZFS-7-4 105537 399.37 22.45 0.38 0.0145 0.0007 0.092 0.0295 93 4
ZFS-7-7  2353.59 2235.82 110.65 0.95 0.0113 0.0014 0.0719 0.0147 73 9
ZFS-7-8  1733.74 772.38 60.24 0.45 0.0151 0.0003 0.0955 0.0059 96 2
ZFS-7-10 59796 179.23 9.55 0.3 0.0146 0.0003 0.0955 0.0089 93 2
ZFS-7-11 45536 454.91 17.02 1 0.0145 0.0011 0.0922 0.0121 93 7
ZFS-7-12  607.02 432.63 51.4 0.71 0.0121 0.0016 0.0765 0.0238 77 10
ZFS-7-13  430.70 403.2 27.03 0.94 0.0133 0.0004 0.0842 0.0141 85 3
ZFS-7-14  179.94 120.01 5.05 0.67 0.0161 0.0006 0.1024 0.0061 103 4
ZFS-7-20  585.84 595.22 62.62 1.02 0.0143 0.0003 0.0905 0.0087 91 2
XMT-13-1  1058.16 700.88 81.63 0.66 0.0163 0.0003 0.1077 0.0082 93 2
XMT-13-3  493.23 460.22 77.65 0.93 0.0142 0.0002 0.0901 0.011 91 1
XMT-13-4 25583 327.12 33.8 1.28 0.0147 0.0003 0.0933 0.0114 94 2
XMT-13-5  523.77 549.9 57.82 1.05 0.0159 0.0002 0.1088 0.0052 102 1
XMT-13-6  357.73 504.32 52.88 1.41 0.0158 0.0003 0.1 0.0143 101 2
XMT-13-7  405.47 465.24 43.61 1.15 0.0144 0.0003 0.0914 0.0041 92 2
XMT-13-8  415.77 593.04 72.45 1.43 0.0151 0.0005 0.0958 0.0382 97 3
XMT-13-10  308.22 296.02 88.77 0.96 0.015 0.0004 0.0953 0.0171 96 3
XMT-13-11  442.26 565.11 49.76 1.28 0.0152 0.0002 0.1066 0.0062 97 1
XMT-13-12  393.46 486.73 142.99 1.24 0.0145 0.0009 0.092 0.0369 93 4
XMT-13-16  798.89 1151.04 128.42 1.44 0.0171 0.0002 0.1085 0.0073 96 1
XMT-13-19  584.35 582.22 58.95 1 0.0152 0.0002 0.0965 0.006 97 1
XMT-13-20  637.75 699.32 221.85 11 0.0139 0.0003 0.088 0.0058 89 2
CMS-1-04  345.11 386.2 37.82 1.12 0.015 0.0002 0.0986 0.0117 96 1
CMS-1-05  311.56 42035 38.27 1.35 0.0146 0.0002 0.1046 0.0061 93 1
CMS-1-09  398.85 465.06 41.66 1.17 0.0147 0.0002 0.1054 0.0055 94 1
CMS-1-10  412.34 393.07 37.7 0.95 0.0152 0.0003 0.1046 0.0061 97 2
CMS-1-11  306.38 344.28 31.25 1.12 0.0152 0.0002 0.0993 0.0062 97 1
CMS-1-12  894.58 1026.84 94.92 1.15 0.0158 0.0002 0.1111 0.0036 94 1
CMS-1-13  1677.72 1445.5 136.26 0.86 0.015 0.0002 0.1038 0.0038 96 1
CMS-1-14  455.66 554.6 59.95 1.22 0.0148 0.0002 0.0965 0.0152 95 1
CMS-1-15  235.06 321.35 38.24 1.37 0.015 0.0003 0.095 0.0053 96 2
CMS-1-16  368.70 4273 35.28 1.16 0.0144 0.0004 0.104 0.0071 92 2
CMS-1-17  529.35 504.72 48.28 0.95 0.0154 0.0002 0.1072 0.0065 98 2

54,1997 25T F55,1999; BH 4 ,1999;Li, 20005
WHEET A5, 2001) Fls A PR DOW AL (GRIESE ,2001)
T3 — UL R 5 KT I MR AR vp AT 6 (Li, 20005
Jahn et al., 2001;Li et al., 2007 ; 2541 2145, 2021) , A
R 3K — ) 3 - 5 SR B 5 ORI oA O RO

TR | i g 52 1) A i 0 2 A R B IR AR LA
L e e R B AR A i B U AL A R 5 1
A1 R Y 228 ) o AR SO R LR B B A Y
MR AR IE R, 5 AT B S BB R o, 9K o)
SeRERE R, A W TR SE IR T BT R S i R R
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