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Geological characteristics and magmatic properties of the Qingcaoshan
porphyry copper deposit in the southern margin of Qiangtang
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Abstract: The Qingcaoshan mineralization area is located on the northwest side of the Duolong mining area, with a
large area of magmatic rocks exposed on the surface and developed porphyry-type copper mineralization. However,
the geochemical characteristics and origin and evolution of the magmatic rocks are not yet clear, which restricts fur-
ther evaluation of the prospecting potential of this mineralization area. For this purpose, detailed zircon U-Ph geo-
chronology, zircon trace elements, rock geochemistry, Sr-Nd isotopes, and hornblende electron microprobe analy-

ses were conducted on the exposed magmatic rocks in the Qingcaoshan mineralization area to explore the source area
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and evolution process of the magmatic rocks, determine their temperature and pressure conditions, magma oxygen
fugacity, and water content, and provide support for further evaluating the regional prospecting potential. The study
shows that the ore-forming magmatic rocks in the Qingcaoshan mineralized area mainly consist of granodiorite por-
phyry, diorite porphyry, and monzonitic granite porphyry, with diagenetic ages concentrated between 120~118 Ma.
The zircon U-Pb age of the postmineralization aplite is 114 Ma, all of which are products of Early Cretaceous mag-
matic activity. The average crystallization temperatures of zircons in granodiorite porphyry, diorite porphyry, and
monzonitic granite porphyry during the mineralization period were calculated based on the Ti content in zircons,
which were 604, 689 and 684°C, respectively. The average oxygen fugacity lg (fo,) was —18.58, —15.77 and
—14. 18, respectively. The range of AFMQ variation was AFMQ-0. 46 ~ AFMQ+2. 38, AFMQ-5. 66 ~ AFMQ
+4.28 and AFMQ-1. 32 ~ AFMQ +6. 24. The diorite porphyry and granodiorite porphyry belong to the high-
potassium calcium alkaline-potassium basalt series, and quasi aluminum-weak peraluminous magmatic rocks, with
arc magmatic rock properties; The (*’Sr/®Sr). value ranges from 0. 707 4 t0 0. 709 3, and the £Nd(¢) value ranges
from =7.1 to =5.3, located in the region between the depleted mantle and the lower crust evolution line, showing
the characteristics of crust-mantle mixed origin. The electron probe results of hornblende show thal the average
water content of diorite porphyry is 7. 4%. The study proves that the Cretaceouns magmatism of Qingcaoshan origina-
ted from the partial melting of mantle wedges caused by subducted slab, and was mixed by crustal materials, and
shows the characteristics of high oxygen fugacity and high water content, indicating that the Qingcaoshan mineral-
ized area has good potential for porphyry copper mineralization.

Key words: geochemistry; mineralogical characteristics; magmatic attribute; Qingcaoshan mineralization area;
southern edge of Qiangtang terrane
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Fig. 1 Tectonic sketch in Xizang (a, modified after Hou et al. , 2004 ) , geological sketch of Qingcaoshan-Lemaca district

('modified after Geological Survey of Jiangxi Province, 2005® and Geological Survey of Guizhou Province, 20052)

and mineralization alteration map of Qingcaoshan (c)
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a, b—malachification in granodiorite porphyry; c—malachification of the surrounding rocks; d—veins in the surrounding rock
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Fig. 3 Characteristics of magmatic rocks in Qingcaoshan minging area
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Fig. 4 Representative zircon CL. images and U-Pb concordia age of magmatic rocks in the Qingcaoshan mineralization area
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SRS MIAE RS 4 118. 6+1. 1 Ma (MSWD = 0. 4,
n=11),

N B (QCS23-16-1) HARAF 9 AR A,
BAh U S RZ5ET 1 898x10°~3 193x10°° ZJH],
Th & & 21k T 352 % 10° ~ 739 x 10° 2 [i],
TE°Ph/ ™ U-""Pb/™ U 1A I ([ 4e) , B4 A RN,
IRAFIEFIAERS A 117.9+1. 1 Ma(MSWD=1.3, n=9),

Y (QCS23-23-1) FARAT 12 A &0t A1
B U S BRARET 591x107° ~6 680x107° Z[],
Th & & 7254k F 657 x 10° ~ 5 300 x 10°° Z [f],
TE2CPh/ 2P U-""Pb/* U i A L (K 4d) , 85 AL
ARSI AR Rl 114, 8+1. 2 Ma(MSWD = 0. 81,
n=12),

4.2 E£FF WERTEHIE

ASCER AL R IN KBRS  IN K By A AT T 2%
F SEEICE ST, RS R L 2 FE S,

INK A Si0, FaA kT 59.96% ~60. 42% 2.
8], XA N 60. 12% ; Na,0+K,0 &#AT 5. 31% ~
5.60%z [8], SEHI{E A 5. 43%; K,0/Na,0=0. 76~
0.78,F¥{H 4 0. 77; ALO, & AT 16. 20% ~
16.33% Z [a], V- ¥ fH N 16. 27%; R 1l F 45 %
A/CNK=0. 94 ~0. 99, KA1 MO & &K
3.42% ~3.48% ,Ti0, %M 0.64% ~0.66% ,Y % i
J919.4x107°~21.8x107  Sr/Y {HAS AL TE Bl g 14. 0~
17.2, LREE/HREE = 12. 93 ~ 13. 78, (La/Yb) =
10.96~11.33, 8Eu ZR{L{EH A 0. 77~0. 84,

BB N K BE A Si0, & & 22 fk T 65. 89% ~
66. 15% 2 18], SEHIME N 66. 02% ; Na,0+K,0 &4
T 7.21% ~ 7. 50% Z [&], ¥ ¥ {E R 7. 36%;
K,0/Na,0=1.73~2.06, F-¥I{EH 1. 89; ALO, 7kt
T 15.52% ~ 15. 67% 2 6], SF-HI{E K 15. 60% ; 45
TIFIFE%C A/CNK=0.95~0.97; MgO &HN 1.21% ~
1.24% ,TiO, &4 0.38%~0.40%; Y & h 14.7
X10°~16.1x10°°,Sr/Y {HAfLIE A 20. 6 ~22. 7,
LREE/HREE = 17. 37 ~ 19. 50, (La/Yb) = 14.69 ~
17.30,8Eu 224k 0. 81~0. 96,

£ K,0-Si0, Efigr N B A AL i TN K BEE
KEBS & T = SRS kR 5, N K By A A D o %
AL A Z 5 (F 5b), A/NK-A/CNK S8BT R
HEAR ot — 55 oF 58 B AR X e (Bl Se); [F I, TE

(La/Yb) (=Yb, (& 5d) F1 St/ Y-Y ([ 5e) ', 5
WEX -, WESAYBEGIAER A B, XL
HAOEM I TREMME TRAR 52 R EX
S BEA ALK 6) , BT 34 & % Rb F1 Th JT
%, [R5 Nb Ta fll P 4500 EK , E—HE5E T BN
I H A A

4.3 &% Sr-Nd RI{I Z4HE

ASCEE X IN A By 5 M e i N K BE A AT T
Sr-Nd [ R 4T, TR R L3R 3,

N By A 1) Sr &% & 305 x 107 ~ 339 x
10°°,%Sr/%Sr {H 47 0. 710 314~0. 710 724, i5E HHY
(YSr/*Sr), {HM 0.709 1~0.709 3 ,Nd &K 22. 3
x107° ~24. 2x 107, "*Nd/"*Nd M 0. 512 215 ~
0.512 237 8 HH eNd () [EN-7. 1~ -6.7, 4
RN K BE 2 g Sr & & O 332 x 10°° ~ 333 X
10°°,¥7Sr/% S {5 4 0. 709 713~ 0.710 088, 3154 Hi
(YSr/%Sr), {6} 0. 707 4 ~0. 707 5, Nd % & K
20.5%x107°~25% 107, "*Nd/"Nd {4 0. 512 289 ~
0.512 295, 3HE H ) eNd (1) 15 -5.5~-5.3, 1E
eNd(1)—(Se/*Sr), Bl B (E 7)), INK B 75 e
b N B 7 2407 T 7 i i i 55 e v fh 2 2 [
NKBr a3 T EZ e iR, 524
DR L3, T 5 L b DX A 25 0 2 S 300 T A e
o 5E ) BRI
4.4 HEANMETERFE

% 4 HEEA T LA-ICP-MS Ji A (i e 2 4 i s
Fe o IASARIERS A1 BH o0 BRI A Ar v AL il 26
S BN LIE 4 B A 1S A 5 A R A B o s
KX,HEMTHRERE TR, EEERLTE, B
B Y IE Ce SE8 A Eu 2% (K 8)

4 £547 SEu AR RN, —RALRKBES A
Koy it AL IN K BEE SEa {55120 0. 29 ~
0.50.0.31~0.49 0. 11~0.29 F10.28~0. 44; Ifif 5Ce
ARAR I B, X 8Ce fH M 23. 28 ~197. 42 6.23 ~
161.99 29.79~67.36 F1 68. 44 ~ 145. 44, £ 41 % +
TG e i 2 S 90 Hh 2o ) b o # ) R i AR Ak
R EEAR [ 4H b (2 018.72X10°° ~4 924.3x10°°) >
TRAEKBES (1 529.91x10 ° ~2 748.82x10°°) > A
KB (1 275. 13x10°~2 700. 73x10°°) >4E K IN K
BEA (562.8x107°~925.7x107°)
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Table 2 Major(w,/ %) and trace element(w,/10™®) compositions of the magmatic rocks in Qingcaoshan mining area

NI A R IN K BEA
SrHTIE
0CS23-16-1-1 0CS23-16-1-2 0CS23-16-1-3 0CS23-16-1-4 0CS23-69-1 0CS23-69-4
Si0, 59.99 59.96 60. 42 60. 13 65.89 66. 15
TiO, 0.66 0.66 0. 64 0.66 0.40 0.38
AL 0, 16.28 16. 33 16.20 16.26 15.67 15.52
TFe, 0, 6.73 6.48 6.36 6.69 3.98 3.95
FeO 1.90 1.76 1.74 1.84 2.70 2.70
MnO 0. 12 0.11 0.12 0.13 0.06 0.06
MgO 3.43 3.42 3.44 3.48 1.24 1.21
Ca0 4.80 5.49 5.32 4.97 3.97 3.59
Na, O 3.09 2.99 3.02 3.19 2.65 2.45
K,0 2.34 2.31 2.36 2.41 4.57 5.05
P,0, 0.14 0. 14 0. 14 0.14 0.14 0.14
LOI 1.96 1.74 2.01 1.78 0.75 0.85
SUM 99.53 99. 64 100. 03 99.83 99.30 99.35
Li 34.4 27.9 33.6 32.9 14.6 15. 1
Be 1.81 2.01 2.02 2.02 2.12 2.09
Se 18. 10 17.80 17.90 17. 80 5.58 5.74
v 97.6 97.3 96.2 95.1 40.3 40.3
Cr 61.9 65.6 61.9 67.7 17.3 18.1
Co 10. 90 12.70 11.50 13.10 7.35 6.58
Ni 16. 10 11.20 10. 10 12.10 8.20 6.03
Cu 36.40 22.50 8.41 28.80 52.90 83.20
Zn 75.7 62.2 80.9 65.8 33.2 28.4
Ga 18.5 18.6 18.6 18.4 17.4 17.5
Rb 88.8 84. 1 78.2 89.8 156.0 173.0
Sr 305 339 313 308 333 332
Y 21.8 19.6 19.4 20.3 14.7 16. 1
I 136 135 146 143 122 120
Nb 10.7 10.8 10.6 10.5 11.7 11.3
Sn 7.12 2.49 2.11 3.14 5.62 5.57
Cs 8.44 3.66 7.34 5.49 4.46 4.84
Ba 422 423 412 401 493 496
La 31.6 30.4 31.1 30.5 31.1 40.7
Ce 57.5 56.6 57.8 56.5 56.7 70.5
Pr 6.87 6.31 6.35 6.34 6.04 7.70
Nd 24.2 22.3 23.1 22.8 20.5 25.0
Sm 4.79 4.48 4.78 4.63 3.81 4.27
Eu 1.24 1.13 1.10 1.19 1.06 0.98
Gd 4.35 3.97 4.02 4.07 3.02 3.26
Th 0.71 0.62 0.59 0.64 0.48 0.52
Dy 3.92 3.40 3.45 3.48 2.61 2.95
Ho 0.76 0.72 0.70 0.74 0.53 0.56
Er 2.02 2.03 1.97 1.96 1.42 1.58
Tm 0.30 0.27 0.27 0.29 0.21 0.25
Yh 2.06 1.92 2.04 1.99 1.52 1.69
Lu 0.31 0.30 0.29 0.31 0.26 0.27
Hf 3.81 3.89 4.10 3.85 3.49 3.40
Ta 0.78 0.79 0.83 0.80 1. 14 1.17
Tl 1.04 0.96 0.77 0.93 0.97 1.17
Pb 15.4 17.7 16.6 18.1 9.17 9.46
Th 11.2 11.2 11.7 1.1 15.1 21.3
U 2.10 2.09 2.27 2.11 2.92 3.37
SREE (R Y) 140. 59 134.37 137. 54 135.52 129.27 160. 19
LREE. 130. 50 125. 12 128.24 126. 12 122.24 152.38
HREE (A% Y) 10. 09 9.25 9.31 9.40 7.04 7.81
LREE/HREE 12.93 13.52 13.78 13.42 17.37 19. 50
(La/Yh) 10.99 11.33 10. 96 11.00 14. 69 17.30
SEu 0.83 0.82 0.77 0.84 0.96 0.81
5Ce 0.96 1.00 1.01 1.00 1.01 0.98
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Fig. 5 (Na,0+K,0)-Si0,(a), K,0-Si0,(b), A/NK-A/CNK(c), (La/Yb)y-Yby(d) and Sr/Y-Y(e) diagrams of the
magmatic rocks in the Qingcaoshan area (adapted from Irvine and Baragar, 1971; Cox et al. , 1979; Defant and Drummond, 1990
and Hou et al. , 2004 ; Data for Duolong metallogenic district are from Sun Jia (2015) ; Zhu Xiangping et al. , 2015b; Lin Bin
et al. , 2019]
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Fig. 6 Chondrite-normalized REE (a)and primitive mantle-normalized trace elements (b) variation diagrams for magmatic rocks

in Qingcaoshan mining area( chondrite and primitive mantle values are from Sun and McDonough, 1989, data for Duolong metallo-

genic district are the same as Fig. 5)
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Table 3 Sr-Nd isotopic compositions of the magmatic rocks in Qingcaoshan mining area

B YRb/%Sr  YSy®sr (YS®Sr);, Wsm/™Nd  NA/MND fawna ("PNAZ™NA); eNd(1)  tpyi/Ma tpy,/Ma
WK QCS23-16-1-1 0.8404  0.710724  0.7093 0.119 818375 0.512215 -0.39 0.51212093 -7.1 1515 1489
P QCS23-16-12 0.7165  0.710314  0.709 1 0.121 651 135 0.512237 -0.38 0.512 141491 -6.7 1509 1456
BRI QCS23-69-1 1.3477  0.709 713 0.7074  0.112 521329 0.512289 -0.43 0.512200659 -5.5 1296 1363
KHf# 0CS23-69-4 1.5030  0.710088  0.7075 0.103 517579 0.512295 -0.47 0.512213728 -5.3 1182 1343
e — 1650 N BEA v i A DA A 228 IR, 34 BoR

LNV

7 \;’0\
ERTHEX
= =51
_‘.3'
Z
-10
15
20 F
[ A8 #QCS23-16-1)
s OfElkjrx! KBEH(QCS23-69)1) Tl %,
0699 0701 0703  0.705 0707 0709 071l 0713

("s1/™sr),
K7 FRILTXERE eNd(6) - (7SS0, Elfi
(Z e S IXCEH WA RIS 5 —80)
Fig. 7 eNd(:)-(YSt/*Sr) . diagram for magmatic rocks

in Qingcaoshan mining area ( data for Duolong metallogenic

district are the same as Fig. 5)

4.5 RAINABTFIHRSH

5 NN A TR 2 B R DGR
gL, b DL 23 AR AR ETHRL A TN A Y BE
B TR R AN 22 fH s (RIS 2%, 1983) 3K i Fe™
AYAE, AT RN A N A PR FHRRIE R . Cay=1.72~1. 92,
(Na+K) ,=0.10~0. 44, $ZFE PR Y7o MIN A
Tl Z2 51 x4 i 44 DN LT AR X A K By
FRIAE B TN A BE 25 b i A TN A JE T A A N A
(Cay=1.50) , FESTA N A RHE—250 25 K By
EHHAAINA Si=6.31~6.73, Mg/ (Mg+Fe* )= 0. 60
~0.78, BB MINA Si-Mg/(Mg+Fe™ ) 732 44
Kl b E IR B N A A D38 oI5 N BE
FNATEEN ; ALRINKEEE T ANA S = 6.39~
6.63,Mg/(Mg+Fe® )= 0.39~0. 43, #2M N4
Mg/ (Mg+Fe™) =Si 432tin 44 I I - ZVETERR MIA
A7 B BE A N A IS BTN (1 9a; Leake et al.
1997) ., 1E Ti0,~AL O, Kt (& 9b) , IN KBy 5

SR VR R T
5 g

5.1 AEEMEREQEHESRED

LA KR 1 B TN By A6 K BE
ORI 3 B A R AR — B A
U-Pb IS5 8 117.9+1.1,120. 43+0. 32 il
118.6£1. 1 Ma. 4t i W R B I J= 25 2R 06 B ) 8
A LB U-Ph IR 114.8+1.2 Ma, 5] 3
EAEAMNE A U-Pb FIEPAE 120~ 118 Ma Z[H],
52 m S K S0 BEA 10 A B AR 7R 5% 22 710 ) 3k
AR, BN, Z2 R 2% BEA AT R AL i TN A BEA 1
SHRIMP %547 U-Pb 4E#4 4 121. 6+1. 9 Ma (24
FE, 2008) , FA — WAL i N BEA B A0 U-Pb il 4F
SER R A TE 120 Ma R AL (B0 R 4
2015a) , k4% B e A€ i IN K BE 5 19 SHRIMP 45 A
U-Pb 2% B 16 5 N K BEE R A B AR Oy 121, 2+
2.4 Ma(MMAE, 2019) . HIEA] WL, 75 B4 L IX
B B S 2 e 4 G T — 2, #8 A g
WA RIS S Y, R FE L RIX 52
Je 4 XL — ™ B AR AR TR R 1 8h 7 24 15
S, AR T PR W0 - VT B AR ol R ) Bk 4 A
2011; Liet al., 2016) ., WA, HHRILT X 52
W AR DX N5 A R AR 435 e 4k 8 iR B A
o1, HAs [l s EAR I , 3 — 20 SR RIE 18 T o By
BERY B 20 038 5% (A 4 Bk 5%, 20135 £F KR 5,
2014; TUh4E, 2017)
52 BEUTHURERABREAREREXITiE

H 1T 5C FHE AR 2 F St 2R ke
VR, AT P FR AL — A0 b bl 9 A/ AR 22 AR
BOEHIE X (Li et al. , 2013; T UPZE, 2017; it
55, 2019) , ZRGEEIEY BURAEAE BT AE T 5
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Fig. 11  8Ce =10 000/T (a) and lg(f(,z)—t (b) diagrams for mineralized porphyry in the Qingcaoshan mineralized zone

(according to Qiu et al. , 2013)
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