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Abstract

The change and preservation of ore deposits after their formation is also a key aspect of metallogenic predic-
tion. In this study, we disscuss the preservation of the Tianyu Cu-Ni sulfide deposit based on the mineralogical
chemistry and Ar-Ar geochronology of phlogopite. Two kinds of biotite are distinguished in the deposit, one is
distributed between olivine and pyroxene, and the other is developed as leaf-like aggregates on the contact sur-
face between massive sulfide ore and wallrocks. The former crystallizes with amphibole, and is influenced by lat-
er period sulfide melt. The latter is newly crystallized biotite when hot sulfide pulp interactes with wallrocks. The
crystallization temperature of biotite is 609.6~646.2°C estimated using the biotite Ti saturation geothermometer.
Ar-Ar plateau ages of the two phlogopite samples are (250.4+1.5)Ma and (247.7+1.5)Ma respectively, which are
about 30 Ma later than the zircon U-Pb age of the intrusion. It is speculated that the Ar-Ar age was reset due to

the strike slip fault activity during Late Permian to Early Triassic in the area.
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Fig. 1 Map of the tectonic framework and deposit distribution in the East Tianshan Mountains (modified after Wang et al., 2006)
1—Mesozoic to Cenozoic sedimentary cover; 2—Permian continental volcanic sedimentary rocks; 3—Carboniferous volcanic sedimentary rocks;
4—-O0rdovician to Devonian volcanic sedimentary rocks; S—Precambrian metamorphic rocks; 6—Granite; 7—Geological boundary; 8—Regional
fault / Inferred regional fault; 9—Fault / Reverse fault; 10—Ductile shear zone; 11—Gold deposits(large, medium and small); 12—Copper deposits
(large, medium and small); 13—Copper-nickel sulfide deposits(large, medium and small); 14—Iron ore deposits(large, medium and small);

15—Lead-zinc deposits; 16—Silver-rich polymetallic ore deposits; 17—Polymetallic ore deposits
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between massive ore and recrystallized surrounding rock; e, f. Allomorphic lamellar phlogopite and biotite which are intercalated with amphibole

BAE S pm AR T R R Wyl & 4 e [ R bn e
S ATRGRE R 0.01%

Ar-Ar [F) A7 28 I AT A v ] b 2 B b o A 5
PR AR R R 00 % 58 i T SRR R A

Je BT KT R R E R A B A, 4 iE i 60~80 H Y
SntE RIGTEN BB T F Tk, Phik & ~BR ol
IKF 99% VA L, 2% o [l b Rk Be ST 5% T Ar-Ar
[ R LI AT, SEXT B4l Y & < BEFE 5



41 E 3

T AF BT R I K T SR AL IR 6 2 BE Ar-Ar AR08 SR B 603

P IV . T VRS AR A O PR A R
e g sz v R . IR AR A T R T AR R
SEWEFE BE R WK HE” T AT o RS B B IR
T FH A 88, B3 o B 7 2 B O A AR
WEAY Helix MC _E#EATH o BTG (0 550408 7 151 19 3] fisf
[ 2 {5 PR AT 0T e B AR E KRR IE 25
KAERM T e R A Z AL GE , FH ISOPLOT )7 1144
BPAES Ko GF 252 (Ludwig, 2001) , FEAE 1R 2%
PL2 s#5 i, TRANSEI AR M S LA 56 30w (B SC
45, 2006; 7K E5E, 2006) .
23 TR
2.3.1 EPMA/r#t

P EREF T g R L 1, R p L 22 MR R T
R T 2B B TR S8 o dT
EIRAT AL, R P AR o B B VAR . 1€ Foster
8 (1962) 1 = B A S I g v B3 TR T 28 = B VB
i BRI G  BE X IH (ES) o MAE 2 BERE R
hé it
232 Ar-Ar[al i Z 4R

K T4 B8 AL WK & = BEAE R B B
PAOAr AT AR S T 25 5 UL 3R 2, TR A I S A A
2R WLIEl 6., AF 5 TY-7 76 840~1400°C £ 10 4>
TR B T 1R PR PPAE S 1,=(250.4+1.5)Ma,
XL T 98.4% MPAr B & (K&l 6a) o AH N
MY 4OAT/AAr- Ar/ A0 Ar ZF B e AR 1 =(250.7+ 2.4)Ma,
WA “Ar/AAr 2 283.7+6.8(MSWD=1.2) (& 6b) ,
5 I 2 AT iy R PP AT 8 75 1R 2598 Bl N — B, “°Ar/°Ar
WA T IR TR L (B /R 18 295.5+5) ,
HAE R 2O N — 3, R LS RE 1 B W,
PRI, TY-7 45 25 BF(250.4+1.5)Ma FBEARE I 2 A b 5
B AR T e b Ar R E B AR

FE i TY-163 7E 820~1400°C 1Y 104> H - TR B BE
YIS T VANMERS T PPAFERS 1,=(247.7+ 1.5)Ma, X T
92.7% 113 Ar Bt ( 6¢) o AHRZ A1/ Ar-32 Ar/*SAr
ZEIT LR AR WS 1= (247.7£2.6) Ma, ¥ 4 {H “Ar/*5Ar
268+£70(MSWD=0.72) (&l 6d) , % i L AF- % FIPPAE
TEIRZE T BN —80, “Ar e Ar W) A 5 I R SR
FUAE (JE 7R 1H 295.5+5.0) 75 1% 22 31 [l 9 — 3k, R W
e REA RN, FI, TY-163 4 = £ (247.7+
1.5)Ma By FEAR I 2 T8 U R B T & b Ar
[Fi) {37 22 () 3 A4 o

FE i TY-7 4 = BESFARE I8 (250.441.5) Ma AT TY-
163 45 7 BEFPAE I8 (247.7+1.5) Ma 1615 2% 305 FBl N —

BE R 2 B

/;iﬁ%%ﬁﬁﬁ\ Bt 7 B x\

Al"+Fe* +Ti Fe*+Mn

El5  RFWIR =B IS K f# (4 Foster et al., 1962)

Fig. 5 Classification diagram of mica in Tianyu deposit
(after Foster et al., 1962)

B ACER T IR RS AR B & = B OAr-Ar £
PR (300°C) Ji5 24 1 s [E]

3 W ®

RKFHEY IR o B4 28k, H— 2=
PR 54 BRI 5 AR A AR A, 4
A7 6 AV [RAR e S0 A 1) REORE A F0 A R 2
), S K o 4 i A 3 EUR v 4 Rk 4 4 5 S
TORTEHURGAL A A S A ko b
R (0 TR 8 R 4 2 B 52 RSP A7 422 fioh T 4
fi B oA TCARTE G, O HL A B 45 il
2910 cm, PURLHLR , B AR R . J# BA A KR
= BER A SRAE (2R S5, 2017 ) , &35 i & A e
WA A A Z ), SMNA R R (H U] 55 T 6
95 I B B R B Ak P AR R B R R
0 o R 4 B LA R A /N B R TR G R AR
W 4 = B . fE FeOT- 10TiO,-MgO & it (& 7;
Nachit et al., 2005) 91, Hif & % 5% 76 T 45 & ] = Bk
DX, AT R S T WG S A 0 s A R R I 4 PR s
MG m BRI 5 H BOTE R E R a B X, 5
BPAMREE NN 5, KT IR A = BEAYI% Ti FRE
(Ti<0.2) WAFA AL T SN FH B 26 = BE R
fIE (Ey B R4, 1994) o F1]H Henry 45 (2005) 48 15 1)
2Bk Ti & IR EE T T={[In(Ti)-a-c(Xy,)*1/b} 3%,
o X,,,=Mg/(Mg+ Fe), a=—2.3594 , b=4.6482x 10,



2022 4F

HE

H

&

604

°€8TL T-=9 6 01xZ8Y9H=0 “b6SE T—=C ‘(O + SINBIN="Y “cecol /[(""X)o-8- (L)1} =1 (WN+BIN+ 24+, 0)/BIN=dIN : T

L€19 9609 L'v€9 T9v9 9°¢ov 1'80% gley yeor  89%9  L'1v9 18Y9  €VI9  €6€9  LTel 6'881 ['061 6°681 €861 ¥'G81 V'S81 Dokl
200 100 000 10°0 00 00 €00 00 100 10°0 000 000 000 00°0 10°0 10°0 00 10°0 000 10°0 1)
170 000 10°0 90°0 S0'0 00 000 00 00 000 200 10°0 80°0 00°0 80°0 100 000 00°0 000 000 d
88'¢ 66°¢ 66'¢ €6'¢ €6'¢ L6'€ L6'€ 96'¢ 86'¢ 66'¢ L6E 66'¢ 16'¢ 00'¥ 16'¢ 86'¢ 86'¢ 66'¢ 00'v 66'¢  ,HO
660 ¥0'1 171 6L°0 0¢'l €Ll Y6'l S8l 6v'1 0¢'l $9°0 19°0 (! 90°C 781 06°1 ¥0'C P81 Y61 ¥0'C A
Y20 8C°0 LEO LSO S0°0 90°0 S0°0 ¥0°0 610 61°0 1.0 01°0 10 90°0 SO0 90°0 S00 S0°0 S0'0 L0°0 EN
100 10°0 000 00 00 100 00 €0°0 000 100 000 000 10°0 100 100 100 10°0 10°0 100 10°0 €D
€0°S 16y S8'Y L6V 81'¢ 66'C 6l'¢ L8'C 66't el 0T's 1489 €8y oyl SE'l 6¢1 8¢'1 o'l ye'l el SN
200 10°0 200 100 S0°0 ¥0°0 ¥0°0 ¥0°0 00°0 10°0 000 €00 000 €00 €0°0 200 00 €00 00 €00 UN
€80 $8°0 19°0 0 Sy'e e 0re €T 0 860 €50 68°0 090 8L'E LLE ¥8°¢ [4:5% I8¢ €8'¢ (433 °d
0r°o 800 L00 €0°0 S1'o 91°0 ¥1°0 €10 cro 110 ¥0°0 10°0 80°0 SI'o 81°0 91°0 LT°0 910 SIo 910 L
SE0 70 0 w90 €0 6£°0 0 90 6C0 (4] 170 LT0 6€°0 9¢°0 6¢0 9¢°0 1€0 9¢°0 10 Se0 ulV
e Yy 6¢'C 8¢C 9¢€'C 81'C e 90°C 90°C 80°C e §Te 90°C STT 60°C 61°C 91t e 1T¢ 1ce nlV
yS'S 9¢°¢ 19°¢ s ¥9°¢ (439 8L'S ¥6'S ¥6'S 'S 8L'S SL'S v6'S SL'S 16° 18°S ¥8°¢ 8L'S 6L'S 6L'S IS
WG B M e T L

90°0 ¥0°0 10°0 €0°0 80°0 L00 01°0 L00 00 €0°0 200 100 10°0 100 ¥0°0 ¥0°0 L00 €00 10°0 ¥0°0 1D
€C0 000 00 S1'o 010 ¥0°0 000 ¥0°0 ¥0°0 000 S0°0 10°0 81°0 000 SIo 200 000 000 000 000 d
ws IL°S 6L9 IS4 SL9 1T°6 80°01 ST6 96°'L 69 1$°€ e 8%'9 0001 L8'8 9I'e €6'6 €L'8 9¢'6 166 O
L8°0 101 9¢'1 9I'c 81°0 0C'0 81°0 €ro 99°0 99°0 144 ¥€0 181 61°0 Sro 61°0 81°0 910 SIo 170  O%N
800 60°0 €0°0 €10 ¥1°0 90°0 91°0 81°0 000 80°0 00 000 €00 €00 S0'0 SO0 SO0 L0°0 90°0 0’0  0O®d
IS°€C 80°€C 0T'¢C 19°%C [484! §9¢l €yl 8CCl C8'CC TheT 0I'v¥C  I8€C  ev'Te 18°¢ LSS [ IL'S £€6°S 42 S¢S OSIW
LT°0 0ro 020 90°0 170 €0 8C°0 £€°0 000 S0°0 ¥0°0 020 €0°0 o 81°0 L1°0 SIo 610 cro 61'0  OUN
889 80°L 0TS 134 Iv'6l 6C'81 9991 8691 9T YLV 6¢'Y 69 86'Y 80°8¢C L9LT 91'8¢ V'8¢ ¥S'LT Y1'8¢C 978C  0O°d
LS91 Y691 8S°LI 881 LI°S1 [4:84! (44! (43 09°¢€l  ceel Ivsl Toel 1Pl SLEl 6Tl yeel SO°€El el y9°¢l erel OV
¥6°0 Lo ¥9°0 0€0 8C'1 2! w1 80°1 (U €01 6€°0 L00 IL°0 LT 2! LT1 LET (4! STl €el ‘oL
09°8¢ 86'8¢ So'ov ISy €ELE £9°6¢ £v'8¢ I6'LE  090F €TO0F 16'6E LSLE 90'I¥  69°6¢ 0€9¢ 99°6¢ 0€9¢ 66'v¢ £9°¢¢ gse ‘oIS
p-g-6€  €¢6¢  I-1-S  T-€TST v-1-891 €-1-891 T-I-891 [-1-891 L-1-€ST  9-1-€S1 S-I-€ST ¥-I1-€S1 €-1-€61 T-I-€S1 1-1-€S1

AL AL “AL “AL AL AL “AL AL oy witey ey ey 1Ty AL AL “AL “AL “AL AL “AL ¥

j1sodap apyins Py1u 19ddod niuer], 9y} woxy NoIq Jo (%/(g)M)sisA[eue 3qordordrur HoIjdd[d Jo s)NSARY | dqeL

(%/(DNEFZWE G I HEZY BHEHWEEY T2



HalE B 3M ERTSE NIRA R IR RS o1 Ar-Ar AR LR L 605
FR2 ERBUArPArMEFEMBRSTER
Table 2 Stage heating results of “’Ar/*Ar ratios of phlogopite
T°C (A Ar),, C°Ar/*Ar), (7Ar/PAr), (PArAr),  “CAr/% F 3 Ar(x10""“mol) PAr /%  AFiy/Ma  £lo /Ma
TY-7, W=30.06 mg, J=0.004498
700 71.1038 0.1862 1.2085 0.0646 22.73 16.1785 0.05 0.18 126.7 9.0
780 41.8092 0.0543 0.3525 0.0363 61.68 25.7941 0.38 1.64 198.0 2.2
840 37.7721 0.0163 0.0222 0.0279 87.22 32.9439 3.06 13.30 249.3 2.3
880 33.9815 0.0033 0.0109 0.0255 97.16 33.0153 3.44 26.41 249.8 2.3
920 33.5426 0.0015 0.0322 0.0251 98.71 33.1116 2.37 35.43 250.5 2.3
960 33.5747 0.0016 0.0164 0.0248 98.58 33.0992 2.19 43.78 250.4 2.3
1000 33.7028 0.0013 0.0143 0.0247 98.85 33.3160 2.62 53.77 251.9 2.4
1040 33.6236 0.0019 0.0194 0.0247 98.31 33.0559 3.12 65.65 250.1 2.3
1080 33.5117 0.0018 0.0271 0.0246 98.40 32.9773 3.15 77.66 249.5 2.3
1120 33.8431 0.0024 0.0335 0.0248 97.90 33.1339 3.23 89.96 250.6 2.3
1200 33.9396 0.0024 0.0426 0.0249 97.95 33.2444 2.47 99.37 251.4 2.4
1400 39.9242 0.0233 0.1870 0.0274 82.81 33.0666 0.17 100.00 250.1 2.9
Total age=249.3 Ma; 1, =(250.4+1.5)Ma; 1,=(250.7+2.4)Ma; (*’Ar/*Ar), =283.7+6.8
TY-163, W=30.70 mg, J=0.004499

700 73.0017 0.1990 2.5026 0.0691 19.68 14.3929 0.06 0.23 113.2 7.8
780 43.4489 0.0390 0.0000 0.0304 73.44 31.9104 1.83 7.34 242.0 2.3
820 33.6889 0.0037 0.0209 0.0239 96.75 32.5959 4.09 23.18 246.9 2.3
860 33.0639 0.0016 0.0539 0.0234 98.55 32.5861 3.50 36.74 246.8 2.3
900 33.0651 0.0015 0.0445 0.0233 98.67 32.6250 1.99 44.45 247.1 2.3
940 33.0967 0.0007 0.0000 0.0231 99.34 32.8796 1.71 51.08 248.9 2.3
980 33.2023 0.0014 0.0242 0.0233 98.71 32.7738 1.92 58.51 248.1 2.3
1020 33.0683 0.0017 0.0718 0.0236 98.49 32.5693 2.51 68.22 246.7 2.3
1060 33.0151 0.0009 0.0429 0.0232 99.17 32.7410 2.72 78.79 247.9 2.3
1100 33.0545 0.0014 0.0294 0.0231 98.76 32.6456 2.51 88.50 247.2 2.3
1200 33.3046 0.0019 0.0449 0.0230 98.28 32.7321 2:73 99.08 247.8 2.3
1400 34.9236 0.0059 0.3669 0.0232 95.04 33.1996 0.24 100.00 251.1 3.1

Total age =246.7Ma; 1 =(247.7+1.5)Ma; 1,=(247.7+2.6)Ma; (**Ar/*SAr), =268+70

c=—1.7283 , I 5t K FH B IR I 4 2= B4 b i
4 609.6~646.2°C (£ 1) , {54 T 3R FEEYE N .
I, AT R R FHORE (R 238 AR 4 = 12
A ERAL BT IRV B [ 4 i AR O L

OAr/PAr [A] 7 F AR JE T R ARG (R
JT 420165 [ KEE,2020) , M3 305 00 4F %F 42 19
AN [a] AT LA oK 29 3 i 4 #% (Duan et al., 2018) |
F4 3 2t 3% 2l i) 1] CBR S, 2006 ) | B T 3 4t (b A
T4, 2015) A i Ak PR DR A7 A2 A %5 5 1 (H
JH®AF,2020) o RF0 IR E = B PAr-2Ar 4F i3 7]
PLRRTE R0 IRIE BUR BB GR A . RTFEAA 1R
B f1 SIMS U-Pb 4F #% f& (280+2) Ma (Tang et al.,
2011) , &% 41 U-Pb & & 1 & M I & & F 900°C

(Lee’et al., 1997; Cherniak et al., 2000) , Xl It i% 4%
AR SR T A A R IR i =20 B R e R &
Mo KF & = Ar-Ar FEAF R K (250.4+1.5)Ma F
(247.7£1.5Ma, X £ T & = £} “Ar-Ar [6] i % &
Z # A (H IR B (350+50)° C; Harrison et al.,
1985; Grove et al., 1996; McDougall et al., 1999) J5
T AW R] . A I TS A AR IR R T 24 30 Ma,
FIRE 1 LATR 2 B 5 PR A — 2 fh TR T ok
T B R AIC B 4 2 B: AP Ar B R E, R0
A B 30 B S 303 o T Bl B AR A A Ar 4F
WA TEE,

BEXFERS — b ] REME , 5 B 2R K 1L BN S BR
1) 2 I TR 38 35 2l AR5 R T4 DR T 7 b IX 1 i



606 777 S N 2022 4F
280
a 1,=(250.4+1.5)Ma b i
pE———— eSS e 30000 o
2401
A
840°C~1400C -
200} P4 #=(250.4+1.5)Ma e
s _ = 20000
= MSWD=0.116 < o
< 4 39 Q L
2% £1,4798.4% 1A = o
Z’a_ 160 & o 19 Ar E ./‘#
’ 840~1400C
10000 A
120 - §4=(250.7+2.4)Ma
W Ar/*Ar=283.7%6.8
TY-7 & MSWD=1.2
80 : s . s : . : : . ;
0 20 40 60 80 100 29 200 400 600 800 1000
A% YAt/ Ar
280 80000
c t,=(247.7+1.5)Ma d TY-163 _
= o
240
60000
820°C~1400°C /
5200 HF4F #=(247.7%1.5)Ma 5 o
2 MSWD=0.23 % 40000} o
L 160( 1,4792.7% [ Ar &
b # 820°C~1400C
Sk 20000 W fEW=(247.7£2.6)Ma
e YIUEY Ar/*Ar=268+70
TY-163 o MSWD=0.72
80 ; : : : 0 L
20 40 60 80 100 0 400 800 1200 1600 2000
R A% PAr/ Ar

K6 KT amtE A Ar BrBTHRAF I (a o) FISERTZEE (b d)
Fig. 6 Plateau ages (a, ¢) and isochron charts of stage heating results (b, d) of **Ar/*Ar ratios of Tianyu phlogopite
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Fig. 7 FeO™-10TiO,-MgO diagram of Tianyu phlogopite
(after Nachit et al., 2005)
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