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Mesozoic and Cenozoic strata
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Lower Permian Zhesi Formation
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Lower Permian Dashizhai Formation
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Upper Carboniferous Benbatu Formation Upper Carboniferous Amushan Formation Permian volcanic sequences
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Early Jurassic granite Early Permian granite & Early Permian granodiorite Carboniferous granite
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ductile shear zone ‘ fault ‘ unconformity boundary copper deposit

Pl 1S TSN AT DX b R 5 B 2 R R A 18], 51 (55, 2013)

Fig. 1 Geological structures and distribution of major copper deposits in the Mandula area,

Darhan Mumingan Banner ( modified after Tang Chao et al. , 2013&)
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K,/s | conglomerate and sandy conglomerate of
the Lower Cretaceou Lisangou Formation

o —BRFTAOERAZR: a8, BibE. DiRE
P.ds’| sandstone, siltstone, and sandy conglomerate of the
2nd Member of the Lower Permian Shizhai Formation
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: andesite and crystal-vitric-lithic rhyolite tuff of Member 1 of the Lower Permian Shizhai Formation granodiorite porphyry
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porphyritic quartz monzonite fine-grained diorite fine-grained granite muscovite-tourmaline granite
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granodiorite granite porphyry j undivided granitic rocks = siliceous quartzite fault
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iron-dolomitized and silicifed biotite-hornblende monzogranite
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syenite porphyry dike malachite mineralized zone
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Fig. 2 Geological map of the Shiertaolegai mining area, Darhan Mumingan Banner
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Fig. 3 Hand specimens and photomicrographs of rocks and minerals from the Shiertaolegai mining area, Darhan Mumingan Banner:

(a) Early Permian granodiorite; (b) (c¢) malachitized granodiorite; (d)—(g) photomicrographs of granodiorite; (h) magnetite

in granodiorite; (i) pyrite
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Fig. 4 Diagrams showing rock types and series classification

malachitizedgranodiorite

ofgranodiorite from the Shiertaolegai mining area, Darhan
Mumingan Banner: (a) TAS diagram ( after Peccerilloand
Taylor, 1976) ; (b) A/CNK—A/NK diagram; (¢) K,0—
Si0, diagram (after Middlemost, 1985)
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n(*PU)IEFIE L (18] 7) ,19 AN 4 58T U-Ph 1
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R1BEREDRESHETRERARKEETE (%) JAETER(x107°) AR

Table 1 Major and trace element compositions of granodiorite from the

Shiertaolegai mining area, Darhan Mumingan Banner

== 24SR5 ‘ 24SR5-1 ‘ 24SR5-2 ‘ 24SR6 ‘ 24SR6-1 ‘ 24SR7 |24SR5-1|24SR9-2
e o LT
ik el TER K
Si0, 68.90 68. 80 68.70 69. 10 67.90 70. 00 68. 50 69. 80
TiO, 0.38 0.30 0.39 0.37 0.39 0.29 0.38 0.38
Al, 04 14. 40 13. 10 14.10 14. 40 15.00 14. 60 14. 10 14. 80
Fe, 04 1.34 1.43 1.19 1.79 2.01 1.43 0.91 1.85
FeO 1.51 0.94 1.56 1.03 1.03 0. 80 1.51 1.13
MnO 0.06 0.05 0.06 0.06 0.07 0.04 0.04 0.09
MgO 1.53 1. 00 1.47 1.60 1.75 0.96 1.84 1.68
CaO 1.48 4.27 1.76 1.46 1.45 1. 80 1.72 0.49
Na, O 5.17 4,37 4. 67 4.19 3.84 4,08 3.93 4. 68
K,O 3.07 2.56 3.67 3. 69 4.26 3.95 3.74 3.03
P,0s 0.12 0.12 0.12 0.13 0.14 0.09 0.11 0.12
Besk 1.72 2.89 1.99 1.91 1.87 1.82 2.90 1.70
Js¥i| 99.70 99. 80 99.70 99. 80 99.70 99. 80 99.70 99. 80
A/NK 1.22 1. 31 1.21 1.32 1.37 1.33 1.34 1.35
A/CNK 0.99 0.74 0.95 1. 06 1.11 1.02 1.03 1.25
La 12.50 9.79 14. 10 11.70 13. 40 9. 64 6. 89 12.90
Ce 26. 80 19. 90 28.90 24.30 27.30 19.20 13.90 28.50
Pr 3.08 2.76 3.55 2.99 3.14 2.44 1.80 3.29
Nd 12.90 10. 50 14. 80 11.50 13.10 8.92 6.87 14. 00
Sm 2.26 1.73 34 1.95 2.24 1. 46 1.19 2.25
Eu 0.56 0.42 0.55 0.49 0.56 0.44 0.30 0.53
Gd 1.87 1.51 2.03 1.70 1.98 1.31 1.03 1.88
Th 0.31 0.24 0.32 0.30 0.33 0.22 0.19 0.30
Dy 1.70 1.27 1.68 1.63 1.85 1.17 1.03 1.53
Ho 0.34 0.24 0.33 0.34 0.37 0.23 0.21 0.31
Er 0.96 0.70 0.92 0.94 1.08 0.67 0.62 0.90
Tm 0.17 0.12 0.16 0.17 0.18 0.12 0.11 0.15
Yb 1.13 0. 81 1.05 1.16 1.30 0.81 0.78 0.98
Lu 0.19 0.15 0.18 0.19 0.21 0.15 0.15 0.17
Y REE | 64.80 50. 10 70. 90 59.40 67.00 46. 80 35.10 67.70
LREE 57.60 44.70 63.70 52.40 59.20 41.70 30. 60 61.00
HREE 6.67 5.05 6. 66 6.42 7.30 4.68 4,12 6.22
LREE
m 8.63 8.85 9.55 8. 17 8. 10 8.90 7.44 9. 80
SEu 0.27 0.26 0.25 0.27 0.26 0.32 0.28 0.26
Rb 77.50 55.20 85.90 106.00 | 140.00 | 114.00 | 145.00 | 126.00
Ba 678.00 | 450.00 | 716.00 | 645.00 | 745.00 | 532.00 | 475.00 | 613.00
Th 5.71 5.25 6.22 6.23 6. 66 6.27 4.54 5.28
U 3.78 1.79 2.56 2.38 3.00 1.03 1.10 1. 66
Nb 3.72 3.05 3.87 3.68 4.04 3.12 3.28 3.79
Ta 0.29 0.26 0.31 0.27 0.31 0.24 0.25 0.25
Pb 29. 80 17. 80 20. 10 16. 30 19. 00 13. 40 3.38 33.00
Sr 260.00 | 583.00 | 243.00 | 362.00 | 509.00 | 349.00 | 179.00 | 208. 00
Zr 160.00 | 125.00 | 126.00 | 165.00 | 150.00 | 99.70 | 134.00 | 128.00
Hf 4.17 3.27 3.38 4.25 3.99 2.56 3.74 3.36
Y 9.25 6. 88 8.98 9.79 11. 40 7.22 6. 68 9.23

Ma, fill 3 34 4E # & 293.0+ 1.9 Ma ( MSWD =

0.105) . Ff&h 24SR9-2 325 AN 5 (& 2) | MBS 4 4
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Fig. 5 Chondrite-normalized REE distribution patterns (a) and primitive mantle-normalized trace element patterns (b) of

granodiorite from the Shiertaolegai mining area, Darhan Mumingan Banner. Normalization values from Sun and McDonough (1989)
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Fig. 6 Concordia diagrams of zircon ages for malachitized and unmineralized granodiorite from the Shiertaolegai mining area,

Darhan Mumingan Banner
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0. 002535, SF-¥{E M 0. 001451 ; (n( "°Hf) /n( "HF) ), {HALTE 0. 282715
~ 0.282910 Z 8], SF-H4{H A 0.282841; &,,(1) [EAEFLIL FEl Ky 4. 49 ~
11.30,F-¥{E N 8. 92; — W BAALXAE WS Ty, =478 ~ 772 Ma, F-RI{EH K
579 Ma; B BOB AR Ty, =589 ~ 1028 Ma, F-2I{E K 744 Ma;f,, .
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Xiao Wenjiao et al. , 2003) , 245 LA FPEHE) 2 A B &4 R A
AU L 2N R — AR BRI 2 1 H 5 T BURE X A
R, F R DX ) 2 SR AR 1A AR A A I AR TP TE 265
~285 Ma Hrf | RSB A A 2 DA i | E4 It 2 553 408
FUOMFRHIE (TR, 2018) , An[E FHASER Y B 5274 A e N1 A (284 Ma;
BRKHE, 2010) [ FHALIBAYZE 25 N K5 (277 Mas sR4ERITTF-, 2012)

BEF XK AAL K N A 24SR5 #6147 T LA-ICP-MS %541 U-Pb
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BB & e S (CL) BoRTE i ¥ S B PRG 30HE . FE S 85 4177 Th 2*U
SR 79. 4x107° ~ 338.0%x107°,108.3%x10™° ~ 411.4x10™°, Th/U
B4 0.64 ~ 0.92, 574 B 45 A Th/U H GEFE/MNT 0.1) BB A
[A], J& T LAY %) 5 3% R K 8% 47 ( Hoskin and Schaltegger, 2003) . A i
24SR9-2 3£ 25 A AT (£ 2) , MIBR 6 A AT UG A, 1E n (*°Pb)/
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WL n(C°Pb)/n(PPU) I RIAE#E N 293. 00+0. 96 Ma, il AF 2 4F
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(F2),MER 4 SATTH A, 7 0 (C°Pb)/n (P*U) fil n (*"Pb)/n
(U L (E 6),21 AN S 5ET U-Ph #EFIZE, n (P°Pb)/n
(PP0) IS4 S 294. 120,79 Ma, IIACE R4S H 294. 1+1.6 Ma
(MSWD = 0.105) , & L nl WAL FAR T IL A AE b TN A AR AR TR
A DURER YD IR B 88 i o AR 0 5 AF 0%, A D0 I L ™ & 4= 7 293 Ma
ZEAT B AR R B AL,
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VFZ225 0 2458 56 1105 5 iy W9 S AL AR DG 1 4 B i A R e
T gy, FERT LR R B TR R . i AiE P8 45 (2019 ) 3 33 X i
H R ik b DX LT bl X F P B AR 5 A T TS IR B S A TE
BT 5 JAE o i AE VD IR B ) 55 1 DX A 5 TN 5 T AL O, il Se
SR 13.05% ~ 15.01%F1 179x107° ~ 583x107°; H: Y 1 Yb &
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R 3 EREDREEERT KRR NKEHEA Lu-Hf B AIEHK
Table 3 Zircon Lu—Hf isotopic compositions of granodiorite from the Shiertaolegai
copper deposit, Darhan Mumingan Banner

. n('°Hf) n("Lu) n("YDb) 176 r r
:. AP n( 177Hf) n( 177Hf) n( '77Hf) SHf(f) n( ]77Hf) DM1 DM2 Finr
2| (Ma) [— : ‘ a(7HD L, | (Ma) | (Ma)
pELED lo I lo KL lo
24SR9-2-01 | 293 0.28286 | 0.00002 | 0.00097 0.00002 | 0.03474 | 0.00081 9.4 0.282855 555 714 | -0.97
24SR9-2-02 | 293 | 0.28286 | 0.00002 | 0.00094 | 0.00001 | 0.03320 | 0.00030 | 9.2 0. 28285 561 724 | -0.97
24SR9-2-03 | 293 | 0.28289 | 0.00002 | 0.00106 | 0.00001 | 0.03600 | 0.00026 | 10.3 0. 282881 519 655 |-0.97
24SR9-2-07 | 289 0.28287 | 0.00002 | 0.00071 0. 00001 0.02372 | 0.00027 9.5 0.282861 545 703 | -0.98
24SR9-2-08 | 292 0.28290 | 0.00001 0. 00057 0. 00001 0. 02033 0. 00044 10. 6 0.282891 501 631 -0.98
24SR9-2-09 | 293 | 0.28285 | 0.00002 | 0.00114 | 0.00001 | 0.04003 | 0.00046 | 9.0 0. 282844 571 738 | -0.97
24SR9-2-10| 291 0.28289 | 0.00001 0. 00127 0. 00001 0. 04395 0. 00042 10. 4 0. 282885 514 647 | -0.96
24SR9-2-12 | 294 0.28286 | 0.00001 0.00076 | 0.00000 | 0.02597 | 0.00017 9.3 0.282852 557 719 | -0.98
24SR9-2-13 | 294 0.28282 | 0.00003 0. 00087 0. 00001 0.02948 | 0.00025 7.9 0.282812 614 810 | -0.97
24SR9-2-14 | 294 | 0.28285 | 0.00001 | 0.00101 | 0.00002 | 0.03505 | 0.00072 | 9.0 0. 282845 569 736 | -0.97
24SR9-2-15| 293 0.28288 | 0.00002 | 0.00152 | 0.00003 0.05332 | 0.00114 10.0 0.282872 534 674 | -0.95
24SR9-2-16 | 293 0.28289 | 0.00001 0.00143 0.00004 | 0.05623 0.00173 10.2 0.282879 523 659 | -0.96
24SR9-2-17 | 292 0.28289 | 0.00002 | 0.00126 | 0.00002 | 0.04558 | 0.00063 10.1 0.282877 526 665 | -0.96
24SR9-2-19 | 293 | 0.28282 | 0.00005 | 0.00125 | 0.00008 | 0.04597 | 0.00298 7.7 0. 282808 624 821 |-0.96
24SR9-2-21| 295 0.28287 | 0.00002 | 0.00123 0.00002 | 0.04129 | 0.00045 9.8 0. 282865 542 690 | -0.96
24SR9-2-22 | 294 0.28287 | 0.00003 0.00106 | 0.00003 0.03664 | 0.00104 9.6 0. 28286 548 701 -0.97
24SR9-2-23 | 293 | 0.28281 | 0.00002 | 0.00144 | 0.00003 | 0.05160 | 0.00110 | 7.5 0. 282803 632 831 |-0.96
24SR9-2-24 | 293 | 0.28288 | 0.00001 | 0.00115 | 0.00001 | 0.04112 | 0.00058 | 10.1 0. 282876 526 665 |-0.97
24SR9-2-25 | 296 0.28284 | 0.00003 0.00149 | 0.00005 0.05114 | 0.00111 8.5 0.282827 598 774 | -0.96
24SR5-1-01 | 294 0.28287 | 0.00001 0.00082 | 0.00001 0.02938 | 0.00053 9.8 0. 282867 536 685 | -0.98
24SR5-1-04 | 294 | 0.28287 | 0.00002 | 0.00107 | 0.00001 | 0.03853 | 0.00027 | 10.3 0. 282882 520 652 | -0.95
24SR5-1-05| 293 0.28287 | 0.00002 | 0.00086 | 0.00001 0.03058 | 0.00034 9.7 0. 282862 545 696 | -0.97
24SR5-1-07 | 296 0.28273 0.00106 | 0.00254 | 0.00017 | 0.11847 | 0.01054 9.6 0.282862 544 697 | -0.97
24SR5-1-08 | 292 0.28282 | 0.00003 0.00213 0. 00003 0. 06701 0. 00073 4.5 0.282715 772 1028 | -0.92
24SR5-1-10 | 295 | 0.28285 | 0.00002 | 0.00142 | 0.00002 | 0.05333 | 0.00085 7.6 0. 282806 634 825 |-0.94
24SR5-1-12 | 294 0.28281 0. 00004 | 0.00205 0.00004 | 0.06354 | 0.00108 8.9 0.282841 578 744 | -0.96
24SR5-1-13 | 292 0.28292 | 0.00003 0.00117 0. 00001 0.04707 | 0.00050 7.2 0.282793 652 852 | -0.94
24SR5-1-15| 294 | 0.28286 | 0.00002 | 0.00143 | 0.00006 | 0.05309 | 0.00196 | 11.3 0.28291 478 589 |-0.96
24SR5-1-17 | 293 | 0.28285 | 0.00003 | 0.00116 | 0.00003 | 0.04104 | 0.00080 | 9.3 0.282851 563 722 | -0.96
24SR5-1-18 | 304 0.28284 | 0.00002 | 0.00111 0. 00001 0.04000 | 0.00051 8.9 0.282841 576 745 | -0.97
24SR5-1-20 | 297 0.28287 | 0.00002 | 0.00111 0. 00001 0.04267 | 0.00059 8.6 0.282827 595 770 | -0.97
24SR5-1-22 | 294 | 0.28284 | 0.00003 | 0.00194 | 0.00014 | 0.06992 | 0.00462 | 9.6 0. 282859 550 703 | -0.97
24SR5-1-25 | 291 0.28281 0.00002 | 0.00144 | 0.00005 0.05137 | 0.00138 8.5 0.282831 597 768 | —0.94
HAHRARIT .
[n(176Hf) [n(WGLU) ( " 1 [n(176Hf)] [ (176Hf)
n(7THI) NETIR € | n(TTHE) n(THI)
(1) = 10000 - ey Towm= el Inq1 +
[n<]76Hf) n(]76Lu)] e [ ]76Lu)] [ (T Ly )]
=7 =7 C (M-
n( 7 Hf) CHUR,0 n( 7 HE) 1 chur n( 7 Hf) n( ” HE) | py
[ (" Lu)
S Iy n("HO)
Tomace= Tom= (Tpyy = £) s Srog= —————— 1, Hof, A (" Lu) = 1.865%x107""/ a (Schere et al. , 2001) ;
fcc fDM 176
[n( Tu) ]
n( me) CHUR
176 176 176 176
L Hf L Hf
[n( o) [n(m )] S B [”( — u)] = 0.0332, [%] = 0. 282772 ( Blichert-Toft et al. ,1997) ;
n(""HF) n(""Hf) CHD 1 gyur n(HO 1 cyorso
[n( 75 u)
) n(OHF) . (L) , n("HI) T
o =0.0384, [—5— = 0.28325( Griffin et al. , 2000) ; | ——=—— = 0.015; foo= ———— 1
n(""THE) 1 py n(HE) J py

n(THE) 1 [IL('76LU)]
n("THE) | gy



211 R AT IR TV IR B ) 26 AR AR RAE S N S B A U-Ph AR MR (b2 RRAE B Hb T 2 77
[n( 76 u)
n( 177Hf) oy
S5 = frwmis Jou= ——————— 15 t WESOEEAFRS
(" Lu)
[n( 7 HE) 1 cor

and Drummond, 1990, Martin, 1999) . {H 5 %5
Bk v i A A e VDR B 55 I A B TN 5 Sr 7%
MBI, B AR T 400% 1070, H R Sy
I Sr IR Y BUAE B A (5K, 2008 , 5K 2024) |

T 2453 1 v ) oAb R — S AR a5 () B
58, X R U A A R W5, P KRR A AR
BRAAL A A BIAE R (P Se/%Sr), AR Ak
[l 4 0. 70591 ~0. 70874, LA i ifey, (1) (-10.83~
-7.86) , MBI AW T, ¢ 8 1.9~ 1. 7Ga, B
Ltedeehnm At Z; T ot — B0 Sr—Nd [0 Z 4l
B, e (1) =194 ~-10.2, —Fr Be#i R4ERE T,,C
H2.5~2.0 Ga, N AP EE AT A5 B AR L Y 52 U
FIRBT W (ST ,2021) , EAFEPEEE(2019) 2%t
LG b DX A < DN 2 R AT 9, R LS A e (1)
AT 2.7~7.0, ZFr B AR Ty, AT 861 ~
1129 Ma, J& F ¥ 52 0 o 51 2 19 5 905 276 i
a7/

FES ISR T 6 A Gl R R e H 4D
K 8T 404 (AbdelAal et al. , 2024)
HAEE TR FFE Ly A 350 W on & 4 KB R
£1JCE (LILE, i1 Rb Ba K) MBI i 5 #i @i i8t &
(HFSE, 1 Nb \Ta Ti) , J& B i 9 Nb—Ta 7 5%

20 :
10 E
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TR NG
30k granodiorite
o LERER N KA
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qoloaa e B
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(Pearce et al. , 1984) . i 702 Bt 43 #2838 % 4
07, 520 1+ & 5 (5 La/Yb () , FEBE Eu 529, e
RHE A 53 85 25 i R IX 8% B8 R A 1952 1 (Shinjo
et al. , 2000) , SRIVP/R B 55 07 XA X A6 5 TN K
m(EfLEAL RE) BoR Si0, &N 67.90%
~ 70.00% , AL,O, &N 13.10% ~ 15.00%,K,0
5 Na,0 S0 51N 2.56% ~ 4.26% F1 3.84% ~
5.17% . XS &4 Rb Ba K KB FRATR, 7
i Nb \Ta Ti & ITE , Won & CERAE R
MIFRFE, DA Hoey (o) EHAT AN +4.5 ~ +11.3,
+7.5~ +10. 6, Hf [A7 2 19 — Fr Be AR IS T,
43978 1028 ~ 589 Ma .831~631 Ma( 3, 7),5
VLIt XA <) PRI 2SR 3 S A S U ) ik 26 42
N YRR h S I A R =4
5.3 RE MBI NFEES

FI A GE N R o I 3 LL 8 YA DA y SIE 9H E FY)
FIH bR, ARG FHITH (~ 1.0 Ga) (Khain et
al. , 2003) , et AR A PEBE A A N TR S A WY
FA AL XL o, — R 40 04 fal i e (B i T g
&), AR IR, 3853 56 B KBl il 2 26 2 5 AR
Wl 43 | BEI e R | G Y s 2 b R
() S P F PG ) AR B AR B R e byl ARt i
A6 FEFLIE F P 1) AR A 45 AR BR 38 RN P A A1
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Fig. 7 U-Pb ages and &,(¢) plots of granodiorite from the Shiertaolegai

mining area, Darhan Mumingan Banner(base diagram modified from Belousova et al. , 2010)
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Fig. 8 Tectonic discrimination diagrams for granodiorite from the Shiertaolegai area, Darhan Mumingan Banner: (a) Rb vs. (Y +

Nb) diagram (Pearce et al. , 1984); (b) Rb vs. (Ta + Yb) diagram (Pearce et al. , 1984); (c¢) Nb vs. Y diagram (Pearce
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U-Pb zircon ages, geochemical characteristics of granodiorites in
the Shartolgai copper—molybdenum deposit in
Darhan Mumingan Banner, Inner Mongolia

LI Jianwei" | MI Kuifeng” , WEI Zhengyu" , ZHANG Baotao" , HU Zhaoguo"’ ,
MEI Zhenhua® , SUN Feng"
1) Shandong Zhengyuan Geological Exploration Institute, China Metallurgical Geology Bureaw, Jinan, 250101;
2) Chinese Academy of Geological Sciences, Beijing, 100037 ;

3) Shandong Bureaw, China Metallurgical Geology Bureaw, Jinan, 250101;
4) China Metallurgical Geology Bureauw, Beijing, 100031

Objectives: Numerous copper—polymetallic deposits are distributed in the border region between China and
Mongolia. The Shiertolgai Cu—Mo deposit, located in Darhan Mumingan United Banner, Inner Mongolia, has
undergone multiple exploration campaigns since its discovery, providing preliminary insights into the geological
characteristics of the deposit.

Methods: In this paper, based on detailed field geological work, systematic sampling of malachitized and
unmineralized granodiorite from the Shiertaolegai mining area was carried out for analyses of major and trace
elements, zircon U-Pb dating, and Hf isotopes.

Results: The granodiorites exhibit high Si, Al, and K major element compositions, are relatively enriched in
large ion lithophile elements (LILE) such as Rb, Ba, and K, and show depletions in high field strength elements
(HFSE) including Nb, Ta, and Ti, indicating typical arc magmatic affinities. In addition, the zircon eHf(t)
values of the granodiorites range from +4.5 to +11.3 and +7.5 to +10. 6, with corresponding two-stage Hf model
ages (Tpy,) of 1028 ~589 Ma and 831 ~631 Ma, respectively, suggesting that the parent magmas were products of
island arc magmatism.

Conclusions; Based on regional tectonic studies, the authors propose that the Early Permian granites in the
Mandula region were formed in a southward subduction setting of the Paleo-Asian Ocean.

Keywords: Shartolgai; Darhan Mumingan Banner; Inner Mongolia; magma source; magmatic and
metallogenic age; geodynamic setting; Central Asian Metallogenic Belt
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