51 B 4 1) i oo Vol.51, No.4
2024 47 H GEOLOGY IN CHINA Tul., 2024

doi: 10.12029/g¢20210401001

SR, ARREFE, D, BB, AT AL, RS, IIH. 2024, PSS B A0 T T AR OIS LA-ICP-MS #5471 U-Pb £ 4F | Hf [RIA R AFE
B HsbrefRAE M. PR, 51(4): 1368-1386.

Zhang Chao, Li Zhidan, Zhang Feng, Duan Ming, Yu Reng'an, Chen Jungiang, Xie Yu. 2024. Zircon U-Pb age, Hf isotopic characteristics and
crustal extension of the gabbro in the Yagan Cu-Ni—Co deposit, Alxa Left Banner, Inner Mongolia[J]. Geology in China, 51(4): 1368—1386(in
Chinese with English abstract).

NS P &= A E T F5A5R N EKE LA-ICP-MS
A U-Pb EE HfRMNEHTEREMEHREER

WA, BESD, KA, PR AR, HERS, #H

(1. P EARFAE B R ZRFAS PO, & 3001705 2. 2263 AR A0, X# 300170;3. P EARFA RS (T)
sk A S 5 R F R, 6 100083 )

R E: [FFZ BR] FUHiss A2 T4 A0 K2 NS USRI BRI o IR, B F TS —rh iR A R a i,
WA R BEA, IE BRI R A R A G 3l 5 T R B b s 5 8k R R A e ) b B ) B, [ SR 3R]
AR SCRAEAH SRR iy, XM X R B8 MR A TF R T oA AR | A Bk Ak S s A1 U-Pb ARAR2E R HE [ 3R 40 A7
WMo, [FRER] ¥ FHEKESBAE ALO,(15.99%~17.47%) . . 8 ¥ ( K,0+Na,0=4.94%~5.86%) . 1
Ti0,(0.81%~1.12%) . ik P,0,(0.14%~0.21%) . & MgO(3.18%~5.64%) . ik K,0(1.14%~2.05% ) ¥, J&B 55581k &
Y, it S (SREE) R 71.43x10°°~94.22x10°°, 2254 HAHX & 4E . =M+ 5B G MR K, R T ia
JCE Nb. P, Ta, HAEARMHAEICE U, Sr, R W ERIE T4 B e, 252D T 458 SEH. T+
WA B A U-Pb IIBCE-BI4E#4 0 (268.8+3.1) Ma, FRE LA BHUE h Z& . 854 g0 (BN F-7.1~2.9, ZFr
BEBLCAR IS AT 1272~2177 Ma, [£518] X T 0 RL S BR (LA i e 0, W2 TR 2 s 2k A s B i
A B 52 BHB A b 5E ) R SSARIR YA F, T b 1 5 557 n B8 Dy B vty A AR5 RIS P R AEE o T Ml X F Bk i
B —BL S RGN, HA LI IR M EE Ih, B sh KRl 25 R Esh KGNS, boh, WA IR AR RR
FE T KX LA A A B T, SR X RV T A e B T AR 24
X B HEESE; B U-Pb 4EIE; A ERILAE; BT A TR T PR AE R NS
B BB (DEWEE T TR BRI 268.8 Ma, BRE HUS AR h — @i, BT — 540 i
BT TS e B T Hefilt; (2) WA IR T A Bl AR e s sl i) et — BB S50, DA
W DNl b TR o kAR SS Ar FAE A, SRS A e Y TR YL, TR TS R A R AL 15 PR
FESES: P5S1; P597  XERERET: A XELHS: 1000-3657(2024)04-1368-19

Zircon U-Pb age, Hf isotopic characteristics and crustal extension of the gabbro
in the Yagan Cu—Ni—Co deposit, Alxa Left Banner, Inner Mongolia

ZHANG Chao'?, LI Zhidan'**, ZHANG Feng'?*, DUAN Ming'?, YU Reng'an'?, CHEN Jungiang'?,

ks B EA: 2021-04-01; 2Bl HEA: 2023-10-23

EeWH: B &K & & 6 & 11 2 3 B (2018YFC0604200) 1 rft [ Hb 57 4 £ J5 W1 H ( DD20190119, DD20211191, DD20221871,
DD20221686) 471l

PEE I Sk, 53, 1987 4FA:, it W g TR0, i PRA=WFSE S 7 4 BT 45 TAF; E-mail: 402709002@qq.com,

WIRAIESE: 25350, B9, 1986 4FA4:, A, Mg TR, TRl IRAE0FE K™ 74t T4 45 TAF; E-mail: cugeug@qq.com.

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(4)


https://doi.org/10.12029/gc20210401001
mailto:402709002@qq.com
mailto:cugcug@qq.com
http://geochina.cgs.gov.cn

SIS AW slmss. NS BTRE AT TR K 2 LA ICP-MSES 3 U-PbiEAT . HER 07 24 1E SOt RiE 1369

XIE Yu'?

(1. Tianjin Center, China Geological Survey, Tianjin 300170, China; 2. North China Geological Science and Technology Innovation
Center, Tianjin 300170, China; 3. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China)

Abstract: This paper is the result of mineral exploration engineering.

[Objective] The copper—nickel-cobalt deposit in the Alxa Left Banner is a typical sulfide deposit in western Inner Mongolia,
developed in the ultrabasic—medium basic magmatic rock zone. The gabbro is an ore—forming rock, and recognizing the magmatic
activity, metallogenic regularity and tectonic background have become an urgent geological problem. [Methods] Related samples
were collected to study petrography, petrogeochemistry, zircon U-Pb chronology and Hf isotope. [Results] Geochemical
characteristics shows that the Yagan gabbro has the characteristics of high ALO; (15.99%-17.47%), sub—alkaline
(K,0+Na,0=4.94%-5.86%), low TiO, (0.81%—1.12%), low P,O; (0.14%—-0.21%), high MgO (3.18%-5.64%), low K,O (1.14%—
2.05%), indicating of the calcium alkaline series. The total amount of rare earth (SREE) is 71.43x107°-94.22x1075, presents
right—inclined distribution model, the light rare earth is relatively enriched and the heavy rare earth is depleted. The high field
strength elements (Nb, P, Ta) are obviously depleted, incompatible elements (U, Sr) are enriched, suggested that the Yagan gabbro
originated from the lithospheric mantle and experienced crystallization differentiation in the late magmatic stage. The zircon U-Pb
weighted average age of the Yagan gabbro is (268.8+3.1) Ma, indicating the age of diagenesis belongs to Middle Permian. The gy(¢)
values is —7.1-2.9 and two staged Hf model age is 1272-2177 Ma. [Conclusions] Regional geological data and geochemical
characteristics indicate that the Yagan gabbro original magma may be confused by some crustal materials during the migration
process. The formation tectonic background may be the post—collision and extension environment in the Late Paleozoic. In addition,
the emplacement age of Yagan gabbro limited the collision closing time, which provides new constraints for the study of Cu—Ni—Co

deposits in this region.

Key words: Cu—Ni—Co deposit; zircon U-Pb age; petrogeochemistry; mineral exploration engineering; Yagan; Alxa Left Banner;
Inner Mongolia

Highlights: (1) The emplacement age of the Yagan gabbro was first determined at 268.8 Ma, which defined the age of diagenesis
belongs to Middle Permian and established the foundation for further analysis of the metallogenic regularity and tectonic
background; (2) It shows that the Yagan gabbro was derived from the mafic—ultrabasic magma of partial melting enriched mantle in
lithosphere, crystallization differentiation occurred in the magma chamber or during the rising process, and later contamination with
a small amount of crustal material, forming in the post—collision extensional tectonic environment through the analysis of rock
geochemistry and isotope geochemistry.

About the first author: ZHANG Chao, male, born in 1987, master, senior engineer, engaged in mineralogical research and mineral
geological survey; E-mail: 402709002@qq.com.

About the corresponding author: LI Zhidan, male, born in 1986, doctoral candidate, senior engineer, engaged in mineralogical
research and mineral geological survey; E-mail: cugcug@qq.com.

Fund support: Supported by National Key Research and Development Program (No.2018YFC0604200) and the projects of China
Geological Survey (No.DD20190119, No.DD20211191, No.DD20221871, No.DD20221686).

2 MR SO BRI SRR A 5T (VU A, 2003,

1 51 F BXE % 2011; Feng et al., 2013; FR4R1T24E, 2016; B
P2 T P O X S AR e e R R 14, 2016; ThH 254, 2016; Liu et al., 2017; Shi et

% ELAG B R I 2R 1 e e B R al., 2018; Zhang et al., 2019; Zuo et al., 2019; 2 3CH#
AR, M TE A R T %5 Ll rE N, ARt AR 4, 2020; M5, 2020; 255,145, 2020; Duan et al.,
Hedb %k, wif Nl HZ X R — R R A4 2020; Wang et al., 2020; He et al., 2021; & F M 45,

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(4)


mailto:cugcug@qq.com
mailto:402709002@qq.com
mailto:cugcug@qq.com
http://geochina.cgs.gov.cn

1370 i

Hb, Ji 2024 4F

2024), #RF T A TAE . M B A
PHPE A 9 5 2 R st ], o DX P9 /N B L AR R I
THIER A IR A MR AR, AR T AR
PR A — RPNV BR AN A KT IRIEAT T 9120 i bt
5%, (A5 30 Se 2 RAT 25 UL R 2R 1 R LS
PG PR L T8 R 45 T A 58 AR X e 55 , ™ B ]
291 XF DX B R M) 3 T e AR

B 736 b R 57— v ST LS Crly ST D AR i 45
R 2k RS, SR AT S A b S e R ) E L
DX,y S R v 4 S o A T = AT Y
KNS B s B 1 5 5 ZH B, 52 T P8 A R I A e
P HURMr B | et AR BR AR 2 6] . FiF AT
FERH, NS P b DX S Y A A B ]
M — St Bl 2F AT e R 4 i AR GBX 2845,
2008, 2011; &5 7K HE45, 2008; 7K %45, 2010; FAf,
2010; 735 B AE, 2019; M XA 4E, 2019; FEACEE 55,
2021),

Ty S A i el A 4 Rk A S, AT Y
ACFFAE X T DX 3l e 1 Se 7 LE R . TR
BTN T N S5y BT 7 38 st b b SR L X, JE TR S
PE— PR OB A AR B T R B AR 2
—, R PR IR R A 17.5 7 t, P4 e
W 128 1 t, 3FICER F w43 5 : Cu(0.196%~
0.285%) . Ni(0.167%~0.304%) . Co(0.019%~
0.0374%) o T ANFENE T 4B IX I J i KA iF 58 TAE,
FBAE A AR (1993 )3 1o X 728 A% 2 ¥ 1
TIE SIE s A SR, TR0 b DX B S Ly
W2 — A A 15 32 31, T 55 (2002 ) 38 3 %I
TAR TR A P BER IR A TUAE B AR RIS, $5
I X7 L AR AR (228 Ma) K I M 338 i 3% R is
SR IR R 55 U132 305 4737 AR (2012) 3l 53 %
W24 @A X S A b T RRAE 1 43 2 5%, 15630
2 DX R A A T M AR R R A AR R A
(2013) iz FH B 74 AR T — K 4K 5 5 85 A
U-Pb 4 % 4y (283.2+£2.2) Ma, #R i AH K DT AR i
Rb-Sr. Sm-Nd [RI{3 2RI S5 4 Wi A8 BT il
FEIREE, HEWr SR AE W X A& T Bt
ZHT; BRACUT (2015) 38 2 B8 T AR SO0 L[R2 A 2
SIEA IR, HEWH T8 R A A S 2 R . AT UL
NAEW A3 X 2 A 3 2 5 TAE, B T o7
2 B AN AN ], X DX P K 7 e JHL S e ) X3 4

T R SCRIAR B TEARXS B, AR SCE i R 1k
5 B U-Pb 58 SRS D7 I 0 SR 7 1A
PRBGIE B A3 AT 9T, S e 7n 5 IR
25 5 R S R .

2 HuJFAES

A T R 1 Ve 6 B VA o5 [ 2 Q<
B, B HUR M e 505 5% sa ST IH AR B 1 25 R A,
S AR R LT P 2 0 TR DX I, A 1 T S R Y
AL R LA A . B IX e T RS /R 295
IR 5 AR I —/ N I 4 5 22 1a] ) 2k
bt S hii s N (& 1a) .

WX 2 2 e AR L (P B),
o ) ALV s AR A ATk b AN A AL, T
F B, SR 4200 m(H57 4%, 2012) . R
H(Py,B ) FEHEZAO—KAOKTRASA
KILE . A RRE SRS S X AR BUA AL, =
A RIS SRR 02 A U A A KA
FBELH AR, 10 25 DU AN JEE R AR, s A K
FIE U W 32 20 PO S AR R e 80 AR B
T, A AR KA IR 1, KBS AR R X kL
FEARYN, NIERTE BB MO Ra . B Ema
WRAES, WZRNEZSAMRS . RS XA
FERA. WIEREEAHEA A BEawR
Ot R AR st . R ARRA S AR K
FRAEMW, ZHFREIS . AU (PyBY)
TRAMAE. KARS. Ao KRS A RSCH
LA, WA S EN NG T XU
B A DAV b X, SR R A DU R D R A A Bk R
(& 1b),

W XA G shiesm A, £ B A k28 R 4k —
KA (Cry) . &4 h kK6 K &
(PyyO) . MEEA (v) BB PEAE 7 (ky) 88, 5 Bk
oA MR Y, RV R L PGV [a] B AR, SZ A
A T AT ILCATE, BRPEAE < (ky) S BKCIRR
AWERZE T (] 2) o WA 2 X B i i) 3222
WA 25 A, T b AR 1) R T 288 R A G 1) Yk 0 6 4 5
A, S X NG B 1 B AR . MR A R ik
7 FIRE BbR b M 254, HoRA 3, 2 o
ROVEAT (2 45%) |, FEMERHE A (29 50%) 4Lk, & 70
WEMAINA L RTEA A RSB, RiAE 0.5~

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(4)


http://geochina.cgs.gov.cn

ES1 B AW e, S TR AT TR T K LA ICP-MSES 77 U-Pbs 4E . HER 3 25 E R LA R e 1371

101° 102° 103° 104° 105° 106° 107°
il T . o
30— —& M 1 AR it 3
42|%“- "“l..._“_ | [ Eﬁesﬁﬂe;ﬁmi L%teEPalef:Eui %IE PalLEzui ;J;ligpiio&mmic

“ Ty, ®uE [t  [NKE 1E R 5 i 12
i L Itrabasic rock Gabbro Granite Fault
: B -

T F #) Ji -
| ,../ ,j
# ‘ |

[ [ [+ s (s (7] (2] o (o8]0 [ n 70 e s

Pl 1 AR B R R v ] (2 AR AR %, 2014) X St P () @
1—BHi 58 2— % R OURIEA; 3— it oty FACILRE: 4—f0 B2 P AL — KAE R 5— & h AR RHC AR R s 6— itk 4K R ks 7— i
s 8RR R 9—FIIE AR s 10— )2 00 11— Fr BRBE ™R 12— 13—W7)2; 14— R
Fig.1 Tectonic location (a, after Xu Dongzhuo et al., 2014) and geological map (b)® of the Yagan Cu-Ni—Co deposit
1-Pleistocene; 2—-Permian Shuangbaotang Formation; 3—Paleoproterozoic Beishan Group; 4—Carboniferous medium—fine grained monzogranite;
S5—Permian medium—fine grained plagioclase granite; 6-Alkali granite dike; 7-Gabbro; 8-Cu—Ni—Co deposit; 9-Tectonic fracture zone; 10-Attitude
of lithologic unit; 11-Attitude of gneissic schistosity; 12—Reverse fault; 13—Fault; 14-Prospecting line
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Fig.2 ZP4 survey line section of the Yagan Cu—Ni-Co deposit®
1-Biotite plagioclase gneiss; 2—Marble; 3—Gabbro; 4-Granite; 5—Cataclasite; 6-Nickel cobalt ore bodies; 7-Copper nickel cobalt ore bodies;

8—Cobalt ore body; 9—Copper ore body; 10—Attitude; 11-Displacement fault; 12—Geological boundary; 13—Borehole
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Fig.3 Structural spatial characteristics and metallogenic model map of the Yagan Cu—Ni—Co deposit
1—Chlorite marble; 2-Tremolite marble; 3—Quaternary impact glutenite; 4-Biotite plagioclase granulite; 5—Gabbro; 6—Plagiogranite; 7-Copper—
nickel-cobalt ore body; 8—Cobalt ore body; 9—Nickel cobalt ore body; 10—Copper ore body; 11-Fragmental lithofacies zone; 12—Fault; 13—-Measured

and inferred geological boundaries; 14—Fracture fracture zone
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Table 1 La—MC-ICP-MS zircon U-Pb analytical data of the gabbro in the Yagan Cu—Ni—Co deposit
i HE/10° [FfZ e fE%/Ma
Th U “PbPb 1o *Pb/"U 1o *Pb/*U lo *Th/”U 1o *Pb/"Pb lo *"Pb/*°U lo *Pb/**U lo
1 21 276 440 0.0526  0.0011 0.3059 0.0075 0.0421 0.0008 0.6276 0.0033 313 50 271 7 266 5
2 32 539 629 0.0520 0.0011 0.3007 0.0072 0.0419 0.0008 0.8570 0.0041 287 47 267 6 265 5
3 10 91 242 0.0525 0.0017 0.2965 0.0091 0.0410 0.0007 0.3775 0.0018 306 76 264 8 259 5
4 29 411 620 0.0523 0.0010 0.2976 0.0065 0.0412 0.0007 0.6634 0.0509 300 43 265 6 261 4
5 28 410 610 0.0512 0.0011 0.2893 0.0067 0.0410 0.0007 0.6716 0.0040 249 50 258 6 259 5
6 30 380 664 0.0519 0.0012 0.2922 0.0064 0.0408 0.0007 0.5716 0.0039 280 51 260 6 258 5
7 48 670 1041 0.0519 0.0012 0.2986 0.0085 0.0417 0.0007 0.6437 0.0028 282 52 265 8 263 5
8 37 538 786 0.0503 0.0011 0.2869 0.0063 0.0414 0.0007 0.6840 0.0143 209 52 256 6 261 5
9 6 66 126 0.0520 0.0016 0.3092 0.0098 0.0431 0.0008 0.5245 0.0072 285 70 274 9 272 5
10 17 261 347 0.0527 0.0016 0.3053 0.0086 0.0420 0.0007 0.7526 0.0119 316 70 271 8 265 5
11 9 105 199 0.0519 0.0019 0.3086 0.0110 0.0431 0.0008 0.5299 0.0042 282 83 273 10 272 5
12 44 699 847 0.0512  0.0009 0.3136 0.0063 0.0444 0.0008 0.8248 0.0091 251 42 277 6 280 5
13 16 177 353 0.0523 0.0019 0.3119 0.0106 0.0432 0.0008 0.5028 0.0469 300 81 276 9 273 5
14 38 671 755 0.0525 0.0019 0.3098 0.0105 0.0428 0.0008 0.8885 0.0218 306 82 274 9 270 5
15 11 137 236 0.0529 0.0013 0.3225 0.0097 0.0442 0.0008 0.5825 0.0033 324 58 284 9 279 5
16 93 2044 1563 0.0525 0.0008 0.3191 0.0074 0.0441 0.0009 1.3075 0.0068 309 36 281 6 278 6
17 12 132 262 0.0524 0.0014 0.3097 0.0087 0.0429 0.0008 0.5030 0.0030 303 62 274 8 271 5
18 26 328 558 0.0515 0.0015 0.3059 0.0076 0.0431 0.0008 0.5877 0.0047 262 69 271 7 272 5
19 40 666 795 0.0509 0.0024 0.3002 0.0074 0.0428 0.0008 0.8372 0.0049 237 109 267 7 270 5
20 10 117 222 0.0523 0.0013 0.3165 0.0084 0.0439 0.0009 0.5268 0.0155 297 58 279 7 277 5
21 46 584 979 0.0498 0.0008 0.2939 0.0062 0.0428 0.0008 0.5970 0.0033 185 39 262 6 270 5
22 40 736 737 0.0520 0.0009 0.3216 0.0070 0.0449 0.0008 0.9989 0.0408 284 40 283 6 283 5
23 45 793 841 0.0521  0.0009 0.3149 0.0072 0.0439 0.0009 0.9434 0.0082 288 40 278 6 277 5
24 25 333 505 0.0521 0.0011 0.3231 0.0077 0.0450 0.0008 0.6595 0.0212 290 47 284 7 284 5
25 7 70 145 0.0549 0.0016 0.3294 0.0097 0.0435 0.0008 0.4841 0.0024 409 64 289 8 275 5
26 9 86 202 0.0522 0.0015 0.3021 0.0084 0.0420 0.0007 0.4239 0.0052 293 65 268 7 265 5
27 11 108 245 0.0525 0.0014 0.2923 0.0079 0.0404 0.0007 0.4412 0.0021 308 59 260 7 255 4
&2 $5A Hf R RAMS T
Table 2 Zircon Hf isotopic compositions

W5 170y b/ THE 200 7oLu/'HE 20 "TeHf/ TTHE 20 FERMa  eydt)  To/Ma  Tp/™Ma  fiow
15YG.1.1 0.0296 0.0008 0.0010 0.0000 0.282706 0.000016 266 -2.3 774 1751 —-0.97
15YG.1.2 0.0485 0.0007 0.0017 0.0000 0.282665 0.000017 265 -3.8 848 1880 —-0.95
15YG.1.3 0.0826 0.0003 0.0029 0.0000 0.282575 0.000024 259 -7.0 1009 2167 -0.91
15YG.1.5 0.0616 0.0007 0.0021 0.0000 0.282694 0.000022 261 -2.8 814 1787 —-0.94
15YG.1.6 0.0163 0.0010 0.0006 0.0000 0.282597 0.000071 259 —6.2 919 2099 —0.98
15YG.1.7 0.0656 0.0020 0.0024 0.0000 0.282764 0.000025 258 -0.3 718 1564 —-0.93
15YG.1.8 0.0283 0.0004 0.0009 0.0000 0.282654 0.000027 263 —4.2 845 1915 —-0.97
15YG.1.9 0.0371 0.0011 0.0013 0.0000 0.282670 0.000021 261 -3.6 831 1864 —-0.96
15YG.1.10 0.0583 0.0005 0.0022 0.0000 0.282728 0.000031 272 -1.6 768 1680 —-0.93
15YG.1.11 0.0881 0.0030 0.0028 0.0001 0.282748 0.000036 265 -0.8 751 1614 -0.91
15YG.1.12 0.0373 0.0005 0.0013 0.0000 0.282682 0.000033 272 -3.2 814 1825 —-0.96
15YG.1.13 0.1233 0.0022 0.0040 0.0001 0.282852 0.000036 280 2.8 616 1281 —-0.88
15YG.1.15 0.0742 0.0027 0.0024 0.0001 0.282821 0.000044 273 1.7 635 1382 —-0.93
15YG.1.16 0.0592 0.0003 0.0019 0.0000 0.282670 0.000042 270 -3.6 845 1863 —-0.94
15YG.1.17 0.0355 0.0005 0.0011 0.0000 0.282668 0.000037 279 -3.7 830 1870 —-0.97
15YG.1.18 0.0932 0.0003 0.0030 0.0000 0.282855 0.000041 278 2.9 596 1272 -0.91
15YG.1.19 0.1020 0.0005 0.0038 0.0001 0.282814 0.000034 271 1.5 673 1404 —-0.88
15YG.1.20 0.0869 0.0004 0.0030 0.0000 0.282797 0.000038 272 0.9 683 1460 —-0.91
15YG.1.21 0.0409 0.0007 0.0012 0.0000 0.282572 0.000034 270 =7.1 970 2177 —-0.96
15YG.1.22 0.0505 0.0005 0.0017 0.0000 0.282658 0.000030 277 —4.0 858 1902 —-0.95
15YG.1.23 0.0609 0.0029 0.0019 0.0001 0.282778 0.000031 270 0.2 688 1518 —-0.94
15YG.1.24 0.0645 0.0005 0.0020 0.0000 0.282777 0.000029 283 0.2 693 1523 —-0.94
15YG.1.25 0.0455 0.0003 0.0016 0.0000 0.282734 0.000028 277 -1.3 746 1660 —-0.95
15YG.1.26 0.1029 0.0005 0.0032 0.0000 0.282676 0.000032 284 -34 866 1846 -0.91
15YG.1.27 0.1823 0.0008 0.0052 0.0000 0.282765 0.000033 275 -0.2 777 1561 —0.84
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®3 THARGETEREETETER (%) FHEITEMBETE (10°) SHER
Table 3 Major (%), rare earth and trace (107°) element contents of the gabbro in the Yagan Cu—Ni—Co deposit

5 15YG-2 15YG-3 15YG-4 15YG-6 15YG-7 15YG-8 15YG-9 15YG-10 15YG-11
Sio, 52.89 53.68 55.93 52.18 57.56 51.88 56.15 53.92 53.44
TiO, 1.12 1.08 0.83 0.81 0.95 0.96 0.91 0.90 0.82
AlLO, 16.17 15.99 16.65 17.21 16.93 17.47 17.09 17.40 16.84
Fe,O, 6.53 5.93 3.72 3.32 4.11 474 4.02 3.98 3.62
FeO 5.02 4.90 437 5.32 3.95 4.83 428 450 4.86
TFeO 10.90 10.24 7.72 8.31 7.65 9.10 7.90 8.08 8.12
MnO 0.17 0.16 0.15 0.18 0.13 0.18 0.15 0.16 0.17
MgO 4.19 3.98 428 5.64 3.18 4.85 3.65 423 5.00
CaO 6.74 7.14 6.85 8.18 6.18 8.34 6.72 6.76 7.24
Na,O 3.29 3.46 4.03 3.39 3.98 3.80 3.99 457 3.91
K,0 2.05 1.87 1.46 1.66 1.40 1.14 1.27 1.29 1.77
P,O, 0.18 0.18 0.16 0.14 0.21 0.17 0.20 0.20 0.14
Bk 1.25 1.16 1.16 1.52 1.11 1.21 1.15 1.72 1.74
A/NK 2.12 2.07 2.03 233 2.10 233 2.15 1.95 2.02
A/CNK 0.81 0.77 0.80 0.77 0.88 0.77 0.85 0.82 0.78
Mg" 59.79 59.14 63.57 65.38 58.92 64.15 60.31 62.61 64.70
K,0+Na,0 5.34 5.33 5.49 5.05 5.38 4.94 5.26 5.86 5.68
K,0/Na,0 0.62 0.54 0.36 0.49 0.35 0.30 0.32 0.28 0.45
o 2.88 2.66 233 278 1.99 2.75 2.10 3.14 3.09
TFeO/MgO 2.60 2.57 1.80 1.47 241 1.88 2.16 1.91 1.62
La 112 15.4 13.8 11.8 14.0 11.8 13.5 14.6 11.5
Ce 24.6 34.5 30.9 26.4 32.3 25.9 30.8 31.9 25.6
Pr 3.52 4.49 4.09 3.58 422 3.51 42 431 3.39
Nd 16.1 18.9 17.4 15.3 18.5 15.6 18.5 18.6 14.4
Sm 3.84 4.18 3.8 3.45 425 3.59 43 4.16 3.22
Eu 1.1 1.23 1.13 1.14 1.21 1.13 1.19 1.16 1.09
Gd 3.68 4.03 3.63 3.38 4.08 3.53 3.96 3.94 32
Tb 0.67 0.72 0.64 0.6 0.72 0.63 0.72 0.71 0.58
Dy 4.02 4.19 3.71 3.47 422 3.67 423 4.13 33
Ho 0.81 0.85 0.75 0.7 0.86 0.74 0.85 0.82 0.66
Er 2.34 2.48 22 2.04 2.48 2.18 2.48 2.38 1.96
Tm 0.35 0.38 0.35 0.31 0.38 0.33 0.37 0.36 0.3
Yb 2.26 2.48 223 2.02 2.46 2.14 245 2.35 1.92
Lu 0.36 0.39 0.35 0.31 0.39 0.33 0.38 0.37 0.31
*REE 74.85 94.22 84.98 74.5 90.07 75.08 87.93 89.79 71.43
LREE 60.36 78.7 71.12 61.67 74.48 61.53 72.49 74.73 59.2
HREE 14.49 15.52 13.86 12.83 15.59 13.55 15.44 15.06 12.23
LREE/HREE 4.17 5.07 5.13 481 478 4.54 4.69 496 4.84
SEu 0.88 0.90 0.92 1.01 0.88 0.96 0.87 0.86 1.03
6Ce 0.94 0.99 0.98 0.97 1.00 0.96 0.98 0.96 0.98
(La/Yb), 3.34 4.19 4.17 3.94 3.84 3.72 3.71 4.19 4.04
Rb 60.1 41.9 32.4 46.8 39.9 27.3 27.4 39.6 39.8
Ba 423 422 448 427 543 380 499 331 517
Th 3.56 421 3.16 2.56 472 1.76 322 3.15 3.20
U 1.22 2.19 1.25 1.16 2.07 1.05 1.30 1.16 1.37
Nb 3.35 4.45 3.81 2.88 5.00 3.18 425 4.14 3.05
Ta 0.22 0.37 0.28 0.22 0.41 0.23 0.33 0.31 0.26
Sr 440 353 424 416 536 393 395 500 400
Zr 106 92.6 94.3 63.3 141 91.7 132 134 81.2
Hf 3.12 2.95 2.79 2.10 4.04 2.71 3.65 3.66 2.56
Y 19.9 20.9 18.8 17.2 20.9 18.1 20.6 20.3 16.2
Cr 6.14 9.75 422 94.2 5.93 48.7 21.3 28.2 46.2
Co 26.8 26.6 225 27.6 18.0 26.5 20.4 242 24.4
Ni 3.94 473 8.69 19.6 3.28 11.6 6.35 10.4 14.8
Sc 22.9 23.8 21.5 22.8 13.9 15.4 14.8 12.4 16.5
A 340 333 211 222 201 255 204 204 218
Pb 7.60 7.34 9.06 6.50 10.0 9.09 9.17 7.51 7.72
Cu 56.2 37.3 19.5 26.2 22.1 24.9 23.0 32.4 232
Zn 9.2 84.4 77.2 80.8 75.7 86.9 78.9 75.3 83.4
Cs 2.07 2.10 1.22 1.65 1.20 1.02 0.96 1.05 1.26

E: Mg'=100xMg?/(Mg2+Fe*); o=[o(K,0+Na,0)]/[(Si0,)-43].

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(4)


http://geochina.cgs.gov.cn

1376

el

Hb, Ji 2024 4F

CL EMG AT 3Lt L Pkt T 27 KB A B D,
75 B v B A R TR, B A AR L ok AR
AR, TR/, K 60~100 pm, K98 H N 1~2, N
BBA5 A W b (14l 4); U TR fbF 126x10°~
1563x10°°, Th JLHR & 2L T 66x107°~2044x10°°,
Th/U HAE R 0.38~1.31, ¥R F 0.1, R H HA H
YA 2R 5 A B (Hanchar and Miller, 1993; X fR4E,
2010; 3K HI4E, 2014; Zhang et al., 2024) . R HE % HE
AbFRZE SEHIVE VS FIAE I M 28 1, & BT A 43 BT s o
TSR T (] 5), AR Y 4R 3% Sy (268.8+
3.1)Ma(MSWD=2.6), % BV 8 Bl ™ #E 4 5 14k
TR T St

A 2L
& AR

4.2 FERMETEMIKLE
4 B 0O K S SIO, B i Ol 52.18%~
57.56%, F-X 8 EH 54.18%; TiO, & AAHIXAE, /v
F 0.81%~1.12%; ALO, & & # i, ik 5] 15.99%~
17.47%; Fe,0,. FeO & & 73 5l 24 3.32%~6.53% Fl
3.95%~5.32%; MnO 5 &} 0.13%~0.18%; MgO
8 3.18%~5.64%, Mg"h 58.92~64.70, IL F i %
I Mg*(E (68~75) (Wilson, 1989); CaO & 4L Es, /i
T 6.18%~8.34; (K,0+Na,0) /™ T 4.94%~5.86%, H:
i K,0/Na,Oft M 0.28%~0.62%, FHX} & 4H; P,Os &
HER(0.14%~0.21%) . 5o EEK A EM
B(BFE ML T, 1963), 0 4 88 48 i 5 K A

100pm_

S \ ) ‘ | ) R /
(266+5)Ma  (265+5)Ma  (259+5)Ma  (261+4)Ma  (259+5)Ma  (258+5)Ma (263+5Ma  (261£5Ma  (272+5)Ma
(265£5Ma  (272£5)Ma  (280£5)Ma  (273£5)Ma  (270£5Ma  (279+5)Ma  (278+6)Ma (271£5Ma  (272+5)Ma

— : \ £ \ €
# f ) ' A X / ‘
©
(270+5Ma  (277+5Ma  (270+5)Ma  (283+5)Ma  (277+5Ma  (284+5)Ma  (275+5Ma  (265+5Ma  (255+4)Ma
Bl 4 SRS CA TS BB RO R
Fig.4 Cathodoluminescence images of zircons of the gabbro in the Yagan Cu—Ni—Co deposit
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Fig.5 LA-ICP-MS zircon U-Pb concordia diagram of the gabbro in the Yagan Cu—Ni—Co deposit
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Fig.6 Rock alkaline—subalkaline and tholeiite—calcium alkaline series classification diagram
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Fig.7 Chondrite normalized REE patterns (a) and primitive mantle normalized trace element patterns (b) of the gabbro in the Yagan
Cu—Ni—Co deposit (normalized values after Sun and McDonough, 1989)
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Fig.9 Hacker diagrams of major elements of the gabbro in the Yagan Cu—Ni—Co deposit
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