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Metallogenic chronology of the Chayong Cu-polymetallic deposit in Zhiduo
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Abstract: The Sanjiang metallogenic belt is one of the most important polymetallic ore-forming belt in China. The
Duocai ore concentration area possesses various types of Cu polymetallic deposits in its middle and north part, and
its mineral resource potential is huge; nevertheless, the ambiguous mineralization age seriously restricts the under-
standing of the ore deposits and regional mineralization regularity. In view of such a situation, the authors selected
the Chayong copper polymetallic deposit in this belt and conducted a complete systematic research on its mineraliza-
tion chronology based on detailed field exploration and microscopic mineralogical identification so as to fill the re-
search blank of the ore-forming age in this area. The results indicate that there are two kinds of orebodies in the

Chayong copper polymetallic deposit, mainly Cu-Mo orebodies, which were developed in the metamorphic siltstone
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and mainly occurred at the quartz and sulfide stage. The biotite in hornfels shows that the points of Mg —( AlY +
Fe’* +Ti)~(Fe’* +Mn) in diagram fall within the range of magnesium biotite, the value of Al,0,/Ti0, is between
6.359 and 10.087 and the ratio of Fe** /(Fe’* + Mg) is comparatively uniform. Based on the above data, the au-
thors hold that it is hydrothermal biotite unmodified by late fluids. The authors confirmed the closure age of hydro-
thermal biotite by the * Ar-" Ar plateau age of 129.59 + 1.58 Ma. In addition, molybdenites which penetrate into
chalcopyrite have the rhenium content from 0.864 x 10 "° t0 9.624 x 10 °. These values indicate that the metallo-
genic material of molybdenite was probably derived from the crust. The Re-Os isochron age of molybdenite is
124.75 £0.86 Ma. In conclusion, the age of hydrothermal biotite is similar to that of molybdenite, and it is held
that both of them should belong to the same period of magmatic hydrothermal event as shown by their closure age.
This study accurately determined the metallogenic age of a typical magmatic hydrothermal Cu polymetallic metallo-
genic deposit in the middle and northern part of the Sanjiang metallogenic belt, revealing that there was a minerali-
zation event during the Early Cretaceous, and these data indicate a new direction for studying regional metallogenic
regularity and for prospecting work in the Sanjiang metallogenic belt.

Key words: Chayong Cu polymetallic deposit; molybdenite; Re-Os isotopic dating; biotite; *Ar-" Ar isotopic
dating; Sanjiang metallogenic belt
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Fig. 1

Tectonic location of Yushu region (a, modified after Liu Yingchao et al. , 2011) and map of regional structure showing

the distribution of Cu polymetallic deposits (b, modified after Zhang Fei et al. , 2017 and Liu Yingchao et al. , 2011)
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Fig.2 Stratigraphic column of the Yushu area in the middle part of Sanjiang belt ( modified after Jiang Hefang, 2017;

stratigraphic contact relationship modified after Wang Jian, 2017)
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Fig. 3 Geological map of the Chayong copper polymetallic deposit ( modified after Zhang Wanhui et al. , 2017)
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a—intermediate-basic dykes penetrating sandstone, the dykes being biotitization and the wall rock transformed to hormfel; b—pyrite veinlet and quartz

vein in sandstone; c—hydrothermal biotite hornfels; d—chalcopyrite and pyrite veinlet penetrating biotitization sandstone; e—chalcopyrite intersected

by molybdenite veinlet in sandstone; f—molybdenite veinlet filling fractures of wall rock and quartz vein
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a—acicular and elongated actinolite, quartz filling the open space, plainlight; b—biotite exhibiting flaky texture, growing around actinolite, plain-
light; ¢—hydrothermal biotite penetrating actinolite, reflected light; d—plagioclase relict crystals and sericitization in intermediate-basic dyke, crossed
nicols; e—quartz vein penetrating intermediate-basic dyke, plainlight; f—quartz veinlet penetrating biotitization sandstone, plainlight; g—pyrite oc-
curring later than quartz vein, reflected light; h—pyrite intersected by chalcopyrite, reflected light; i—hydrothermal biotite aggregate in hornfels, eu-

hedral crystal and developing a complete set of cleavage, plainlight; j—chalcopyrite growing around hydrothermal biotite and tremolite, plainlight;

k—molybdenite filling fractures of quartz vein, crossed nicols; l—molybdenite veinlet, silver-white metallic luster, reflected light
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deposit( galena and shpalerite modified after Jiang Hefang,
2017)
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P52 h - G B30 AU AR ) ZBH-25 28 2R
FrAf, PR VEAE RS O 132.7 £1.2 Ma, K & & 4
7.6% o FF B B T 0 00 9 A0 52 56 i R A i C
A, 2002, 2006 TKE S, 2006) .

T BRI LT BT 20 A [ <0 1t 5 s Jmg 1l
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JEFRAERT R [ [ SR AERE S GSB, K H R A bR
W)k 2 o A N IR B K bR GB/T 15617-
2002.
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M2 & B IR E L ZK6s01 M1 A b b &
W) R BEHL IR L AT A RN R 2 TR B
(1) Fe** Fl Fe* {H R I AR SC BT 45 (1994 T 57 153k
3, BL 22 AR AR A bR vE T 5 B 2 B BH B £
MMKZH. BB S0, & &4 T 37.90% ~
41.51% 2 1], 7% 4 39. 16% ; MgO % & 481k T
15.19% ~18.18% Z[1], V34124 16.37% ; A1,0, 5 &

Re AT 0.864 x10 ° ~9.624 x 10 *2Ji], " Re
EHAT0.543 x10 ° ~6.049 x 10 * 28], "™ 0s 7%
ATF1.131 x10 7 ~12.567 x 10 ° 2 Ja], ¥ Os &
HAT0.006 8 x 10 ° ~0. 134 6 x 10 ° 2 Ja). FH]
Isoplot # A4 #1015 117 [R] A7 25 £ s, 4805 15 21 56 1
AR (I Ta), BN BR L FE 2 L Stein 55 (2000 ;
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W2 & @A RITIRERT 5 PFFE S L& 8L LT  Re-Os [F]
Fr BRI 2RI N 124,75 £0. 86 Ma, HIH5"™0s
0.004 £0.015C MSWD =0. 52), # 2 4 i3 I ACE 1)
{4 124.92 +0.86 Ma.

7700 ~ 1 400°C 3 FE 76 [l 4, XF 78 2= BEFY: it iF
TT 9N BRSO T (K 4), Hd 870 ~ 1 240°C
PRSI BEAE R g 129.59 + 1. 58 MaC &l 8), Xf W T
98. 15% 1% Ar B =, AN % Ar/*® Ar = Ar/*® Ar
SR AERS R 128.57 = 1. 68 Ma( MSWD =34.62),
A/ AU K 317.9 £25.4C 1K 9a) A/ Ar -
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# 3 LTEREZEBH AIEET Re-Os R R LR
Table 3 Re-Os isotope data of molybdenite from the Chayong copper polymetallic deposit

) w(Re)/10 0 w( i 0s)/107° w( " Re)/10 0 w('¥0s)/107° BEAAFEE/ Ma
J5kE 44 HE/g —— - — - — - — - — -
WoE  AEE  WeEd Ak W AR WeEE AHsE el A
ZK6801-1-1 0.00526  8.248 0.060 0.096 4 0.088 1 5.184 0.037 10.763 0.07 124.5 1.7
ZK6801-1-3 0.05094  9.624 0.090 0.006 8 0.010 1 6.049 0.057 12.567 0.08 124.6 1.9
7ZK6801-14 0.030 28 8.638 0.084 0.065 8 0.033 7 5.429 0.053 11.354 0.08 125.4 1.9
7ZK6801-1-5 0.03024  0.864 0.008 0.134 6 0.015 1 0.543 0.050 1.131 0.01 124.8 2.0
ZK6801-1-6 0.030 21 1.047 0.013 0.016 0 0.007 9 0.658 0.008 1.379 0.01 125.6 2.2
a o b Mean=124.92+0.86[0.69%]20
14 - 128 | Wid by data-pterrs only, 0 of 5 rej.
N .9/ MSWD=0.26, probability=0.90
o 127
/‘
L 1o
] 126
z = =125t
ERrA -
4} ’ 124}
=124.75£0.86 Ma
2r 7 Initial '¥70s=0.004£0.015 123 ¢
~ MSWD=0.52
0k - - - -
0 2000 4000 6000 sooo 122
w('*"Re)/107
K7 B2 & E T R IEET Y Re-Os S5 RT28(a) Fil Re-Os BEUAE (D)
Fig. 7 Re-0s isochron (a) and Re-Os model age (b) of molybdenites from Chayong copper polymetallic deposit
x4 TRESEERTREZBAr/ Ar HEFRNERIE
Table 4 “Ar/* Ar stepwise heating analytical data for biotite from the Chayong copper polymetallic deposit
B SAlv] Talvl o Balv] o PAaLv] o PAlvV] YAt PAr PAr()/% P Ak /% t +20/Ma
870°C 0.0117 0.046 6 0.006 2 0.201 4 8.8175 26.641 1 60. 84 3.84 131.39 + 1.18
920°C 0.005 2 0.019 3 0.008 3 0.3717 11.458 5 26.723 0 86. 68 7.09 131.78 + 0.53
970°C 0.001 6 0.000 0 0.006 1 0.294 5 8.326 1 26.676 2 94.36 5.62 131.56 = 0.51
1 020C 0.002 3 0.037 3 0.013 6 0.671 0 18.334 7 26.316 0 96.30 12.81 129.84 = 0.43
1 070C 0.003 1 0.006 7 0.029 2 1.468 4 39.758 4 26.440 0 97. 65 28.03 130.43 + 0.41
1 100°C 0.001 4 0.017 8 0.014 8 0.741 1 19.706 6 26.013 9 97.83 14.15 128.40 + 0.43
1 140C 0.001 3 0.0229 0.013 7 0.682 9 18.146 8 26.014 3 97.89 13.04 128.40 = 0.42
1 180°C 0.001 2 0.023 0 0.010 8 0.528 7 14.050 7 25.910 1 97.50 10.09 127.91 = 0.45
1240°C 0.000 5 0.000 0 0.003 8 0.1822 4.907 5 26.052 5 96.73 3.48 128.59 + 0.80

B K A AT AE AR b o SR T B B T R L
g R oR, 2 Tio, &R 1.20% ~2.38% , Al,O,
GEN12.11% ~15.52% (% 2), ALO,/Ti0, fH/
T6.36 ~10. 09 Z 0], i & T4 K 8 = B LU AE
(ALO,/TiO, HZHU/NT 3.5 (4%, 1981). #
Foster( 1960 ) 2 &3} 248 | 551 & i, ff1 5 0 1) 22 = BF
Mg —CAIY + Fe’* + Ti)—(Fe’* + Mn) (¥ 3 &l S ¥4 7

BRI A REE RN CE 100 . Ik, AR K2 =
RERY: kg RS PR PR B ot R s Bk

BT W], Ti (55 5 n] L RAE S 38 = BEAS
TR 7R F(Henry et al. , 2005) . H4E Ti — Mg/
(Mg + Fe) Bl AL 5045 2 & AN 2 & B K M A
PR BREIR 45 R E A T 630 ~ 710°C Z ) CIE 11D .
Bt H A T R LB Fe® T /(Fe®* + Mg)fHK
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300 I, % WA S P AE 0. 213 ~ 0,294 2 [H), B K
20 ZKowL-1 0.263, ey T DL o o 20 25 O
260 Weighted Plateau=129.59+1.58 Ma igi % E ;jiﬂ w M& E{J E& i ( Stone, 2000; $ {LI% %ﬂ] % ,
Includes 98.15% of the “Ar . . ’
240 2007; XM A, 20105 ERECEAE, 20125 JEFH 4%,
220 2018),
g 2 6.2 #2EH" Re ZESHA M BRIR
=180 Lambert 25(1994) A4 Re-Os [FIf7 F A& R X B
1601, 122.2°1.58 Ma ) B T8 A AR S K 7= B2 A T O B et i 72
140L; Hh b e SO VRN LA e B R BB HR TR AR
120 Mao %5 (1999 XX Et r 1] 25 S A (R AHA™ PR 4
100 ™ Re [ 3, IN A1) Re & 5 AT LA Mn x 10 7
000 20 30 40 S0 e 70 80 90 10 —nx107—onx107°C1 <n <10 ECR A, X
39 B /o, SN = e L E M e
Ar R/ I BT 400 o A 0 e VR R S R (K D). X B
B8 PRI L 4 R A 5 REO Ar Ar B4R Z A 2 &80 IR 5 (R RE 3L Re &
Fig. 8 O Ar-Y Ar age spectrum of biotite from the %ﬁa: 0.864 x107°% ~9.624 x10°° Z I\Eﬂ ’ ?E‘%ﬁr%
Chayong copper polymetallic deposit W o B A
17000 0.0040 —_—
160001 @ ZK6801-1-9 15 K b ZK6801-1-9 71
870~1240°C \ 870~1240°C
oo ST LL A =128,5741.68 Ma \a\ BRI =120 2LEL6S e
3 MSWD=34.62 MSWD=31.10
13000} Initial W Ar PO A3 17 0495 4 0.0030 Initial “’Ar/*Ar=312.9424.3
12000+
11000 0.0025
. 10000} <
S 9000f g
S 000} 200020
¥ 7000¢
| 0.0015
5000
4000+ 0.0010
30001
20001 0.0005
1000 ¢
OU SIU IlIJO I.ISO 2;)0 ZISO 3;)0 JISG 4;)0 4I50 SE)O 5;50 6’2)0 650 0(}0%00{)0 U.(.)OS U.(.HO 0.615 0.620 U.(')ZS 0.(:.‘30 0.(‘)35 0.(‘)40 0.(;45 0.050
A/ Ar Bar/OAr
B9 A2 &m0 IR B 2 RE Ar-" Ar 25 26 ] Ca) TS S8 I B2 4R PR ()
Fig. 9 *Ar-* isochron (a) and inverse isochron (b) of biotite from the Chayong copper polymetallic deposit
6.3 REFRK 312.9 £24.3, 5 PR 7] 47 2 TEAH (298.56 +

MR EIR TS, AR IU M AT IR M D 0.315 Lee et al. , 2006) £ 5 223 [ Py 2L A — 2K,
EHRRCR AR B R RBE B, W T AN TR R R RS %A R &, AR =
iy S AE KB 5g), HARSZ B AGRIRARN)  BEEAERE 129 Ma nJ DAAR 32 335 28 i i 1) b ot B4y
B, BRI, SR Arv-Ar [FA7 RAFER A AN HUBT SRR . Uk, A VAT PR ST Ak 1) £F B I I B
B e THESE S BRI B 1 129 Ma, 15 S 2 BE 0 5 A I )
0 s e R 7SR PGB R = BRSO E AT 5T 129 Ma. X — 25 R X H 8 A8 N K
ERREER . BE D ARG TAERY, BaE R RN KA I A A AR A A ( Yang
O Ar = ArFRAE S B AT LI S IS 2 A R R AR I 26 4E er al. , 20115 Roger et al. , 2003; Yang et al. , 2012;
WAL BRI [ Py 2 — EU, A  Ar IR LMY Spurlin et al. , 2005: Yang et al. , 2014) , AR
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Fig. 10  Classification of mica from the Chayong copper

polymetallic deposit (base diagram after Foster, 1960)

0.0 L i 1 i 1 L L L L i 1 i 1
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Mg/(Mg+Fe)
K11 HT BB TN Mg/ (Mg + Fe ) {4 14535 25 151

(Bl Henry et al. , 2005)
Fig. 11  Temperature isotherms calculated from the equation
on Ti— Mg/ (Mg + Fe) diagram (base diagram after Henry
et al. , 2005)

HAEAE B AR A, 5 A O R AE 451 T Cu 85
BER AT T B, 31X ART TR Ck 7 8 45, 2017)
#ﬁo

R 5 B 40 bt o 00 00 R0 S B BE R A R, AR
U M AT R 8 AE B = B O i L 2 5
(Bl 4e B 5k) . 5 RIS Re-Os [ A7 3 55 1)
LRAE WY N 124,75 + 0. 86 Ma, Re-Os £ 20 4F #4 7&
124.5£1.7 Ma ~125.6 +2.2 Ma, {5 i% 230 [H N —

o X TAERRIELT, Re-0s 1K R KM RLEL S 5 i
FHA (1) Re-Os 1A R MR /N CHE 221655, 2007; 258
25, 2012), H i THE 4T Re-0s 1A R (1) 3 R E L)
H 500°C ( Suzuki et al. , 1996 ) , I T4 4 F08 W ()
Rb-Sr K-Ar 15, I35 5 A 5 52 31 5 1 5 s )
PIRAE G0, L4k 1% 50l Os (1 T-3k
DL HCH P Os 1) 25 R 5o REAE T 1) o 4 4 SR s i
RN BT ORI (1 58 48 45 0T LUK iff b AR 3R B
W FHAE AR (Stein et al. , 2001) . K, kIR
(1) Re-Os 55 I 2208 ] LUK A JBE 5 25 A IR (19 1
WAL R EAE 124 Ma 2245

gty BIRTHE, BV IR A LB Ak B B B
Hiw A6 N AE 129 ~ 124 Ma 2 [8], MER B 1k & 2B AE
124 Ma, Ho& & 07 1 Hb ot 0 %2 5k 743 11 0 1 — 2L
PR B A FE A I IR AH ZE A /N, eI AV X Cus
Mo 1457 3] (A1 % AROBAE HI R 2
6.4 MXIBERIEAMRTIEANETENX

X B A 2 G JE AT IR IR RO AR AR SR T AE R
W, 32 PRI Cas Mo B4k R 6 8 5 (1 241 1) 129 ~
124 Ma, Bl 1E H 52 31 T 5 B AR A R R 42 561, et
W Bk SR 3 . AR FE X ek s 1
A JAE IR G AR Aok TR R . 7EIX I
FCA VR F 5T, AR T AE B A 2 B T =007 Bl iy
Z RN ERIX T T A L) 5 i SR G R A R )
ZEBVIKE G AR A, ok fEH 5 X8 -
B AEARE R L 2R AE T AR G 8 oL ngh H ot
HWBEAMT(43 Ma) %5, 5 BI4E, 20081, & —4558
IR IE TS 5 R 1 2 & Jm RO R 48, 1A I — B i)
AT S5 IR ZR N 2 W I 28 BT R 4 DX 3l ™ R
M0 TAE. RN, BTS2 SE RS
Z RN A DN KL DR PRI PR L A 0 kg A AL 1 b 5
FEAE, R KL DRI R % A JBE S R AT A
Wb JEN A A L R PR 1R R R s Bl AR AR T
BT R ICE JRAE 7, X8k )iz &
BIRE A e WA = 8 20 2 HLAR P 1 (Roger et
al. , 2003; 4x53%, 2006; TS, 2008 ) Fl4fH
1H:(Spurlin et al. , 2005; Yang et al. , 2014) , RKIK3k
PR A T 22 G JE AT DR () B0 41 1 DU 5 B =YL 7
AL L A S R - L X A T e R
L ON D S AP RN S R A e L
FOKE A AR T VL7 T A AT 7 B A VR AN 16 B
Ji T
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