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Abstract: [Objective] The newly discovered Xiaodachuan Pb—Zn—Cu deposit in the southern section of the Greater Khingan Range
occurs in the biotite monzonitic granite body and is spatially affected by the late Yanshanian intrusive rocks. The age of diagenesis and
mineralization, petrogenesis and metallogenic geological background are still unclear. The study can provide a new basis for the
metallogenic regularity of lead and zinc in the area. [Methods] Samples of biotite monzogranite from the Xiaodachuan Pb—Zn—Cu
deposit in the southern section of the Greater Khingan Range were collected for petrographic study, zircon U-Pb dating, whole rock

geochemical analysis, and Sr—Nd isotopic investigations. [Results] Research shows that the zircon U-Pb ages of the biotite monzonitic
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granite are 135.9+0.8 Ma and 134.9+0.8 Ma, indicating that the Pb—Zn mineralization occurred in the Early Cretaceous. The rock
geochemical characteristics show that the biotite monzonitic granite is rich in Si0,(71.29%~72.92%), K,0+Na,0(7.17%~7.89%),
Al,04(13.35%~14.48%), poor in MgO(0.61%~0.64%) and CaO(1.24%~1.73%), enriched in Nb, Ta, Zr, Hf and Th elements, depleted
in Ba, K, Sr, P and Ti elements, and the rare earth distribution pattern is “seagull” type. The dEu value is 0.35~0.47, and the negative
Eu anomaly is obvious. It belongs to high—potassium calc—alkaline and peraluminous A,—type granite. The Sr—Nd isotope
characteristics show that the (*’Sr/*Sr), value is 0.70545~0.70548, the &,,(f) value is —1.7 ~ —0.3, and the two—stage model age of Nd
isotope is 1071~957 Ma. [Conclusions] Combined with the chronological and geochemical characteristics, it is considered that the
diagenetic material is a mixture of new crust and mantle—derived material and is contaminated by the upper crust. The Xiaodachuan
biotite monzonitic granite was formed in an extensional environment after the closure of the Mongolia—Okhotsk Ocean, which also led
to the occurrence of diagenesis and mineralization in the region.

Key words: Southern Great Xing’an Range; Xiaodachuan Pb—Zn—Cu deposit; biotite monzonitic granite; zircon U—Pb dating; Sr—Nd
isotope; extensional environment

Highlights: This study is the first to conduct zircon U-Pb dating, whole-rock geochemistry, and Sr-Nd isotope analysis on the

Xiaodachuan Pb-Zn-Cu deposit. It determined the timing of lithification and mineralization as well as the metallogenic geological

background.
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Fig. 1 Geotectonic position (a) and geological and mineralogical sketch map (b) of

the southern section of the Great khingan Range
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Fig.2 Geological sketch map of the Xiaodachuan Pb—Zn—Cu deposit
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Fig. 3 Granite hand specimens and microscopic photographs
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Fig. 4 Profile of survey line 0 for Cu ore bodies No. 1, No. 2 and No. 3 (a) and survey line 3 for
Pb—Zn ore body No. 6 (b) in the Xiaodachuan deposit

3.2 LA-ICP-MS A U-Pb EF

FE T PRFAN R A B w8 A% 46 1) S A e
W AR X RE i XBC-7 Fl XBC-9 #4745 47 4385 T
Y, SR 5 1633 SEHG A TR 43 28 1 85 4 -8
it B & 5 (CL) BUARE AN B A UKL A & M A P 3568
SERHEATULER o B A 0 AR TARE R 3 o i
BHE A BR 34T/ 7 19 GeolasPro OG R il £ 48 Al
Agilent7700e % ICP-MS 5E . 18 i 85 1 b i FE
91500 17 ICE MR R SMBIE, S5 Aot TR &
AL IE R AR FISMR 5 328 7°S1 T NIST610., Eik
FERAE TR AR AL A S50 Liu et al.(2010) . R
ICPMSDataCal FAFXr HrBin EA T AL B, A S )
U—Pb i1 B FAEE IMEBCE BB 53R H Tsoplot
4.15 52 (Ludwig, 2003) .
33 &£& Sr-Nd BFfIESH

A5 Sr—Nd [FI 2 4B AT T AR E R 2
Bt ) N L BR A2 53 i [ 457 2R bR T [ 2 o o 5
¥ % 5E W, A M IR AR BE L Li(2006) . Hirp,
Sr—Nd [ Z Kl HF+HNO, 1R & HR 1A e FH B s
T A et R IEF743 8, 7 NeptunePlus 22422 JEHE
B TR (MC-ICP-MS) F AT, Sr.
Nd [A){3 2% b 4 43 ) R30S /% Sr=0.1194 . **Nd/
"Nd=0.7219 FITFRAEILRLIE . Nd [Al47 28 ZFir Befss

FUAR I T R FHERRL B A 1 Nd/**Nd F1'7Sm/'**Sm
B (451 k 0.512638 F1 0.1967; Jacobsen and
Wasserburg, 1984) } 7 5 Huls S (& (435~ 0.21365
F110.513151; Goldstein and Jacobsen, 1988) .

4 IrHrds

LEFERENMHLTER
INRINB BB KA K A2 m F 8 e
Wi LT ERAMIGR 1. B KK AT Si0,.
AlLO,. K,0, Na,0, MgO, CaO FI Fe,O, i 543l
M 71.29%~72.92% . 13.35%~14.48% . 3.36%~
4.01%.3.81%~3.98%.0.61%~0.64% .
1.24%~1.73% #1 0.44%~0.76% . {E TAS Fl
Si0,~K,0 Elfif (18] 5) g A2y v P s st AL i)
o IRINBE R ZRKAER A1 ANK(ALOy/(Na,0+
K,0))Fl A/CNK(AL0,/(Ca0+Na,0+K,0) ) {E 435
4 1.28~1.35 Fll 1.04~1.06, ¥J KT 1, 7£ A/CNK-A/NK
EIff (& 6) v, B IE MR B—a R i
Bt R AR AR F R EE B A%
R 1 Eu 5+% (&l 7—a), LREE/HREE #il 8Eu {H
9 6.28~8.55 F1 0.35~0.47, A SLEAEIH T
B EM U R M RARIE, H(La/Yb) (H R
5.66~8.27 . I ff His e A oAb f iR o0 2R vk I 1] S

4.1



410 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

&1 DMKREEET R F2KER

EFEMENKLITERE

Table 1 Major, trace and rare earth elements content of biotite monzogranite in the Xiaodachuan Pb—Zn—Cu deposit

XBC XBC

XBC XBC

TLE XBC-6 XBC-7 XBC-8 JLHR XBC-6 XBC-7 XBC-8
5-1 52 5-1 52
Sio, 7136 7129 72.92 72.34 71.33 Zn 62 61 120 261 301
ALO, 14.48 14.40 13.35 13.57 13.73 Li 30.2 29.5 31.1 32.1 36.4
CaO 1.73 1.72 1.50 1.25 1.24 \% 24 27 26 29 29
Fe,0, 0.73 0.76 0.60 0.54 0.44 Ni 0.6 0.6 0.6 0.6 0.6
K,O 4.01 4.00 3.36 3.73 3.83 Y 23.9 23.9 23.6 25.6 224
MgO 0.61 0.63 0.64 0.62 0.61 Co 3.2 3.0 3.0 3.1 3.1
MnO 0.05 0.05 0.08 0.09 0.10 Ga 22.1 21.4 20.2 19.75 20.8
Na,O 3.88 3.86 3.81 3.94 3.98 Sc 5.4 52 4.9 47 5.4
P,0, 0.09 0.09 0.09 0.09 0.10 Be 3.48 3.41 3.59 3.00 2.85
TiO, 0.29 0.29 0.29 031 0.30 Rb/Sr 0.55 0.56 0.48 0.72 0.70
FeO 1.60 1.58 1.73 1.82 1.99 Rb/Ba 0.28 0.28 0.33 0.33 0.35
bRk 1.25 1.36 1.41 1.77 1.63 La 21.7 21.2 24.8 332 24.6
Na,0+K,0 7.89 7.86 7.17 7.67 7.81 Ce 472 47.4 53.7 70.5 52.5
Na,0/K,0 0.97 0.97 1.13 1.06 1.04 Pr 5.56 5.59 6.33 7.79 5.94
Mg 3249 3312 33.47 32.42 3131 Nd 21.1 21.3 225 292 225
o 2.20 2.18 1.72 2.01 2.15 Sm 4.82 4.88 5.02 6.08 4.93
DI 8507  85.04 85.57 86.71 86.29 Eu 0.67 0.72 0.60 0.65 0.67
A/NK 1.35 1.35 1.35 1.29 1.28 Gd 4.70 434 451 5.05 435
A/CNK 1.04 1.04 1.06 1.06 1.06 Tb 0.75 0.75 0.70 0.82 0.70
Sr 291 288 291 243 241 Dy 4.23 4.23 4.04 4.66 3.83
Rb 160 160 140 175 168 Ho 0.82 0.85 0.84 0.89 0.80
Ba 573 565 426 524 483 Er 2.42 2.42 2.32 2.49 2.26
Th 11.15 10.98 12.85 12.85 11.63 Tm 0.37 0.36 0.36 0.39 0.35
8] 429 422 4.63 5.29 2.34 Yb 2.43 2.39 231 2.55 2.23
Cr 3.00 2.00 3.00 2.00 3.00 Lu 0.37 0.37 0.35 0.39 0.34
Ta 0.75 0.74 0.71 0.72 0.60 SLREE 101.1 101.1 113.0 147.4 111.1
Nb 9.80 9.70 9.30 9.50 9.30 SHREE 16.09 15.71 15.43 17.24 14.86
Zr 174 168 193 187 174 (La/Sm) 2.83 2.73 3.11 3.43 3.14
Hf 5.0 4.9 5.8 5.3 5.0 (Gd/Yb), 1.56 1.47 1.58 1.60 1.57
Cu 6.3 5.9 76.0 474 122.5 (La/Yb), 6.02 5.98 7.23 8.78 7.44
Pb 20 19.8 9 155 276 SEu 0.43 0.47 0.38 0.35 0.43
T IR AR %, o A IR SR 107
(K 7-b), &4 Rb, Th, Nd. La, Hf %70 %, 5 1:1~5: 1, 89409 CL KRR R, K45 A P4

Ba. Sr. P. Zr 0%,
42 $EFH U-Pb F#p

INK YRR B B 5B — K AE b A R XBC-
7. XBC-9 [ A A & (CL) B an &l 8 Fiw .
TEBSHCRRGE T, g APk 2 2o ik,
B IEERIE, 85 A FURDR A2 60~200 pm, 158 Ll

*@iﬁﬂﬁ, ,ﬁ%ﬁﬁﬁﬁ—z_ B, AR AIE—E A
HR#R % & W 5 4R35 PR, TCAk AR s A I AFTE

BAF R AL XA RS A U-Pb K45 5 I
7 2, FEE 9-a, c H iR, HESL XBC-7 1Y 26 MM A
206ph/ 238U AEW A T 132.1~139.6 Ma ZZ i), 4E AL
SEHIE K 135.9£0.8 Ma(MSWD=0.85) (<] 9-b) . ¢
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Fig. 6 A/CNK-A/NK diagram for the biotite monzogranite of
the Xiaodachuan Pb—Zn—Cu deposit
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43 &% Sr-Nd B EoSH
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PRI RAN T4 3, DIARIRES A1 U-Pb & F 151
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Ma) WEERHEFTIEIE S, 198 T 3 MR B KK
ERESL Y (7ST/A0ST) BN 0.70545~0.70548, £, () 1H
F-1.7~-0.3, Topp(Nd) 5454 1071~957 Ma.

[lustration of TAS (a) and SiO0,—K,O discrimination (b) for the biotite monzogranite of the Xiaodachuan Pb—Zn—Cu deposit
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Fig. 7 Chondrite-normalized rare earth element partition curves (a) and primitive mantle normalized trace element spiderweb

plots (b) of biotite monzogranite from the Xiaodachuan Pb—Zn—Cu deposit
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®2 MRINEEHET ARZHZKIENE LA-ICP-MS $55 U-Th—Pb #i#&E
Table 2 LA-ICP-MS zircon U-Th—Pb geochronological data for the biotite monzogranite from the Xiaodachuan Pb—Zn—Cu deposit

207pp,2%ph 207pp/A35Y 206pp/235 207pp/A35Y 206pp/2385

3 =) -6 6 -6

WA POIOT TWIOT U0t ThU o AE lo HAE lo HfH lo Fi#Ma 16 FitMa 1o
XBC-7-02 82 678 2009  0.34 0.04913 0.00295 0.1458 0.0083 0.02138 0.00037 138.2 7.4 136.4 2.4
XBC-7-03 68 720 1153 0.62 0.04856 0.00532 0.1459 0.0170 0.02172 0.00075 138.3 15.1 138.5 4.7
XBC-7-04 28 268 658 0.41 0.04924 0.00354 0.1451 0.0095 0.02162 0.00049 137.6 8.4 137.9 3.1
XBC-7-05 84 836 1752 0.48 0.04899 0.00279 0.1453 0.0081 0.02146 0.00032 137.8 7.2 136.9 2.0
XBC-7-07 74 723 1125 0.64 0.04504 0.01004 0.1466 0.0317 0.02167 0.00068 138.9 28.1 138.2 4.3
XBC-7-08 89 897 1930 0.46 0.04864 0.00183 0.1403 0.0052 0.02090 0.00019 133.3 4.6 133.3 1.2
XBC-7-09 73 629 1665 0.38 0.04875 0.00345 0.1445 0.0102 0.02153 0.00038 137.1 9.1 137.3 2.4
XBC-7-10 81 830 1666 0.50 0.04867 0.00199 0.1453 0.0059 0.02160 0.00021 137.8 53 137.7 1.3
XBC-7-11 35 361 707 0.51 0.04869 0.00769 0.1385 0.0176 0.02122 0.00113 131.7 15.7 135.4 7.2
XBC-7-12 52 459 1211 0.38 0.04897 0.00220 0.1429 0.0062 0.02121 0.00025 135.6 5.5 135.3 1.6
XBC-7-13 65 669 1216 0.55 0.05105 0.00668 0.1438 0.0144 0.02140 0.00054 136.4 12.8 136.5 34
XBC-7-14 56 525 1214 043 0.04840 0.00200 0.1452 0.0064 0.02156 0.00022 137.6 5.6 137.5 1.4
XBC-7-15 28 246 484 0.51 0.04905 0.00341 0.1473 0.0100 0.02189 0.00047 139.5 8.9 139.6 3.0
XBC-7-17 51 522 1240 0.42 0.04937 0.00300 0.1418 0.0081 0.02101 0.00032 134.6 7.2 134.0 2.0
XBC-7-18 42 473 742 0.64 0.04899 0.00446 0.1460 0.0131 0.02178 0.00049 138.3 11.6 138.9 3.1
XBC-7-19 80 831 1614 0.52 0.04903 0.00198 0.1435 0.0055 0.02137 0.00024 136.2 4.9 136.3 1.5
XBC-7-21 58 534 1400 0.38 0.04858 0.00246 0.1435 0.0073 0.02134 0.00030 136.1 6.5 136.1 1.9
XBC-7-22 48 469 1009 0.46 0.04904 0.00270 0.1443 0.0075 0.02139 0.00036 136.9 6.6 136.4 22

XBC-7-23 96 1024 1738 0.59 0.04831 0.00246 0.1428 0.0069 0.02136 0.00026 135.6 6.2 136.2 1.6
XBC-7-24 98 1062 2034 0.52  0.04870 0.00293 0.1395 0.0080 0.02071 0.00029 132.6 7.1 132.1 1.8

XBC-7-25 28 229 743 031 0.04778 0.00645 0.1469 0.0210 0.02165 0.00035 139.2 18.6 138.1 2.2
XBC-7-26 57 568 1142 050 0.04732 0.00312 0.1391 0.0095 0.02077 0.00047 132.2 8.4 132.5 3.0
XBC-7-27 59 579 1253 0.46 0.04712 0.00297 0.1400 0.0089 0.02080 0.00043 133.1 7.9 132.7 2.7
XBC-7-28 38 387 741 0.52  0.04705 0.00418 0.1424 0.0120 0.02100 0.00047 1352 10.7 134.0 3.0
XBC-7-29 59 594 1024 0.58 0.04710 0.00306 0.1436 0.0087 0.02134 0.00045 136.2 7.7 136.1 2.8
XBC-7-30 62 489 938 0.52  0.04574 0.00571 0.1443 0.0181 0.02124 0.00075 136.9 16.0 135.5 4.7
XBC-9-01 28 251 611 0.41 0.04675 0.00503 0.1401 0.0135 0.02087 0.00064 133.1 12.1 133.2 4.1
XBC-9-02 30 276 819 0.34 0.04731 0.00598 0.1450 0.0202 0.02148 0.00068 137.5 17.9 137.0 43
XBC-9-03 60 514 1681 031 0.04924 0.00508 0.1393 0.0111 0.02075 0.00047 132.4 9.9 132.4 3.0
XBC-9-05 25 206 735 0.28 0.04717 0.00706 0.1435 0.0227 0.02154 0.00048 136.2 20.2 137.4 3.0
XBC-9-06 58 583 1236 0.47 0.04858 0.00360 0.1434 0.0102 0.02130 0.00045 136.1 9.0 135.9 2.9
XBC-9-07 32 303 641 047 0.04977 0.00390 0.1437 0.0101 0.02132 0.00041 136.3 9.0 136.0 2.6
XBC-9-10 54 516 1402 037 0.04980 0.00506 0.1409 0.0128 0.02091 0.00027 133.8 11.4 133.4 1.7
XBC-9-11 38 343 906 0.38 0.04837 0.00263 0.1418 0.0088 0.02113 0.00031 134.7 7.8 134.8 2.0
XBC-9-12 40 410 831 0.49  0.04941 0.00403 0.1405 0.0105 0.02092 0.00039 133.5 9.3 133.5 2.5
XBC-9-13 54 450 1262 036 0.04985 0.00274 0.1444 0.0072 0.02133 0.00027 136.9 6.4 136.0 1.7
XBC-9-14 45 471 983 048 0.04838 0.00337 0.1427 0.0101 0.02128 0.00032 135.4 9.0 135.8 2.0
XBC-9-15 18 147 408 036 0.04977 0.00432 0.1431 0.0119 0.02132  0.00045 135.8 10.6 136.0 2.9
XBC-9-16 84 896 1531  0.59 0.04869 0.00205 0.1415 0.0058 0.02112 0.00025 1343 52 134.7 1.6
XBC-9-17 48 423 1151 037 0.04935 0.00322 0.1406 0.0086 0.02088 0.00031 1335 7.6 133.2 2.0
XBC-9-18 50 466 1166 040 0.04869 0.00286 0.1390 0.0076 0.02080 0.00030 132.2 6.8 132.7 1.9
XBC-9-19 91 855 2383 0.36 0.04946 0.00412 0.1429 0.0112 0.02118 0.00044 135.6 9.9 135.1 2.8
XBC-9-21 46 411 1059 039 0.04828 0.00355 0.1437 0.0108 0.02142 0.00034 136.4 9.6 136.6 2.1
XBC-9-22 65 593 1252 047 0.04895 0.00864 0.1418 0.0232 0.02110 0.00045 134.6 20.6 134.6 2.8
XBC-9-23 73 643 1807  0.36 0.04910 0.00322 0.1429 0.0087 0.02121 0.00029 135.6 7.7 1353 1.8
XBC-9-24 60 550 1366 0.40 0.04892 0.00330 0.1431 0.0099 0.02121 0.00049 135.8 8.8 135.3 3.1
XBC-9-26 56 536 1117 048 0.04871 0.00180 0.1420 0.0052 0.02114 0.00023 134.8 4.6 134.8 1.4
XBC-9-27 57 513 1574 033 0.04888 0.00196 0.1407 0.0054 0.02098 0.00022 133.7 4.8 133.8 1.4
XBC-9-28 83 841 1728  0.49 0.04860 0.00167 0.1442 0.0051 0.02145 0.00023 136.8 4.5 136.8 1.5

XBC-9-30 44 431 918 0.47 0.04841 0.00462 0.1400 0.0129 0.02099 0.00064 133.0 11.5 133.9 4.1
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Fig. 9 The XBC-7, XBC-9 zircon U-Pb age concordia diagrams (a, ¢) and age weighted average diagrams (b, d)

R3 DMKNEHRT BZFZRKEFEEE Sr-Nd A RSTER

Table 3 Sr—Nd isotope analysis results of whole rock of biotite monzogranite from the Xiaodachuan Pb—Zn—Cu deposit

K Rb/10°° Sr/10° YRb/*Sr $7Sr/*Sr 26 I(2) Sm/10° Nd/10°
XBC-6 140 291 1.39311 0.708139 0.000022 0.70545 5.02 225
XBC-7 175 243 2.08536 0.709484 0.000022 0.70546 6.08 29.2
XBC-8 168 241 2.01856 0.709374 0.000021 0.70548 4.93 225

B 41Sm/"Nd “INd/*Nd 20 I(®) exg(t) Semna Ty/Ma Typ/Ma
XBC-6 0.13489 0.512494 0.000013 0.512374 -1.7 -0.31 1271 1071
XBC-7 0.12589 0.512558 0.000009 0.512446 -0.3 -0.36 1030 957
XBC-8 0.13247 0.512518 0.000008 0.512400 -1.2 -0.33 1188 1030

1A 5 b 0 A 5 (14 B B B A IR A (Wickham et al.,  1987); @#B /MG TR, Hh 52 5 I3 /31 BB i
1996; Yang et al., 2007); Q%% ity 43 S AR 2 s YR o 1 (King et al., 1997) . 3% SLAR 7Y 5= FL {58 BH M s A1 b 5
2 kA RS 43 5 (Shellnutt and Jahn, 2010); YIRS XA MR B H9/EH (Wu et al., 2002) . /)
QFR AR FHIACTR IR AL AR B Y RIR B RKAE K AR EA & Sio, CEE N
HAR AR EE R /04l (Collins et al., 1982; Whalen et al.,  71.85%) FILEK Y MgO CEYIME Ky 0.62% ) &1, W
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Table 4 Ages of diagenesis and mineralization of typical deposits in Xiaodachuan Pb—Zn—Cu deposit and its adjacent areas
, ; EFesava) .
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Fig. 10 Tllustration of the type discrimination of the biotite monzogranite in the Xiaodachuan Pb—Zn—Cu deposit
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Fig. 11 La—La/Sm diagram (a) and (La/Yb),—Nb/La diagram (b) for the biotite monzogranite of
the Xiaodachuan Pb—Zn—Cu deposit
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Fig. 13 SiO,—TFeO/(TFeO+MgO) (a) and (Y+Nb)—Rb (b) tectonic setting discrimination diagrams of the biotite monzogranite in
the Xiaodachuan Pb—Zn—Cu deposit
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