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Fig. 1 Geological sketch map (b) and tectonic location (a) of the Biliyagu Pb-Zn-Ag deposit

(a—after reference [14]; b-modified after reference@)
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Fig.2 Photomicrograph of rhyolitic volcanic breccias lava (k12b-2) from the Biliyagu Pb—Zn—-Ag deposit
(a—Plainlight; b-Crossed nicols)
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Fig.3 CL images of zircons from the rhyolitic volcanic breccia lava (k12b-2) of the Biliyagu Pb—Zn-Ag deposit
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Table 1 LA-ICP—-MS zircon U—Pb data of the rhyolitic volcanic breccia lava from the Biliyagu Pb—Zn—Ag deposit

‘ ) ) Z(]7Pb/2()opb 2(]7Pb/235U 2(]6Pb/238U ZUXPb/ZSZTh t ( 206 Pb/BSU)/Ma
MIJ II‘I"; 2.~2Th/2.~8U
Feflf  R25(16) Heflf RZE(16) A REZE( ) HA RZEA ) R RZEA6)
1 093 00493 00094 01713 00325 00252 00005 00086 0.0008 160 3
2 0.87  0.1767 00084 07252 00315 0.0298 00007 00205 00012 158 4
3 106  0.0492 00036 0.1670 00121 0.0246 0.0005 00092 0.0005 157 3
4 136 0.0493 00046 0.1693 00155 00249 0.0004 00083 0.0005 159 3
5 094  0.1227 00049 04702 00177 0.0278 0.0005 00151 0.0008 160 2
6 0.84 04088 00119 27175 00709 00482 00009 00702 00036 166 3
7 079  0.0494 00042 0.1721 00142 00253 00005 00096 0.0006 161 3
8 1,56 0.1788  0.0051 07658 0.0206 0.0311 00005 00169 0.0009 165 2
9 0.66  0.0492 00040 0.1705 00135 00251 00005 0.0093 0.0007 160 3
10 0.73 00495 00099 0.1719 00342 00252 00006 00098 0.0008 161 4
1 090 00493 00039 0.1728 00133 00254 00005 00095 0.0006 162 3
12 102 00493 00036 0.1740 00126 0.0256 0.0004 00090 0.0006 163 3
13 069 02195 00089 09746 00377 0.0322 00006 00317 00019 160 2
14 102 0.1129 00042 04174 00148 00268 0.0004 00132 00008 156 2
15 102 00687 00048 02378 00161 00251 0.0005 00099 00006 155 2
16 095 00850 00054 02926 00179 0.0250 0.0005 00106 00007 151 3
17 123 00491 00044 01631 00143 00241 00004 00083 0.0005 154 3
18 134 00492 00024 0.1690 00082 0.0249 00004 00082 0.0005 159 2
0.028 8.82~12.70; FE MBI HA 591 Ce 574 ( § Ce=0.82x
168 1
’iﬁ’l!ll!"’ 10°~0.88x10 ) Hl Eu 7 53 % ( 6 Eu=0.48x10*~0.87x
0.027 | & ) . e, o .
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Fig.4 U-Pb concordia diagram and the weighted age (bottom
right corner) of zircons from the rhyolitic volcanic breccia lava
of the Biliyagu Pb—Zn-Ag deposit
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Table 2 Compositions of major elements (%) and trace elements (107°) of the ore—hosting wall rocks
from the Biliyagu Pb—Zn—Ag deposit

k12b-1 K12b-7 k12b-8 k12b-1 k12b-7 k12b-8
ba it FAUR KL ST A AU K
WAL WAL WAL WAL
FBRIS FBRKE &

Na,O 0.14 0.15 0.18 Cs 13.58 2161 2218
MgO 0.87 0.94 0.58 Th 8.27 7.26 3.84
ALO; 11.74 1422 14.93 Ga 3215 1383 16.06
Si0, 77.18 6831 7521 Sc 294 513 239
P05 0.031 0.23 0.039 Hf 467 5.40 6.28
K>O 3.39 4.28 3.89 Ta 0.38 0.44 0.61
Ca0 0.81 0.42 0.05 Y 7.44 1434 1258
TiO, 0.14 0.49 021 La 21.68 3334 21.76
MnO 0.16 0.85 0.02 Ce 3848 60.28 41.05
TFe,0; 222 5.54 1.77 Pr 5.04 8.23 522
FeO 1.17 3.36 0.41 Nd 18.08 31.09 18.34
LOT 3.18 4.48 2.88 Sm 2.8 5.07 276
Total 99.85 99.89 99.77 Eu 0.60 0.93 0.40
Nay,O+K,0 3.53 4.43 4.08 Gd 1.88 3.52 221
Na,O/K,0 0.04 0.03 0.05 Tb 0.30 0.59 0.40
AJCNK 2.18 252 324 Dy 1.70 3.28 2.46
A/NK 3.00 2.91 3.30 Ho 0.35 0.66 0.51
EIEs L Fire 8] 0.36 0.77 0.52 Er 1.18 2.04 1.58
Ba 778 150 358 Tm 0.18 0.34 0.26
Co 202 237 1.92 Yb 1.15 2.00 1.67

Cr 16.01 751 8.80 Lu 0.21 0.37 0.30
Ni 416 0.08 0.91 YREE 93.65 151.74 98.94
Nb 6.98 10.14 11.18 LREE 86.70 138.94 89.53
Rb 116.79 213.16 104.61 HREE 6.96 12.80 9.41
Sr 5348 2547 36.80 | LREE/IREE 1246 10.86 9.52

\Y 1327 42,60 16.47 (La/Yb) x 1270 1125 8.82

Zr 138.67 202.72 212.58 8 Eu 0.75 0.64 0.48

Li 1393 2405 422 8 Ce 0.84 0.83 0.88
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Table 3 Comparison of geological and geochemical characteristics between typical deposits

W PRAFAE

ZRABEYFR AR

T FHIEF IR

FHHAT R EYER IR

Wk FBl
PR
WAL

S|

[ 24

[k
HF A

FELH T BN A

R IEEN
qliber
NW i1 44

NW-NNW [i] ik

ESE AT N D Sk

W PO BN R AR

TEGRA 45

REAG, ARG TRIREMG. S0 H
Jai s R

. graiate.
itk

i AL,

it [Mdc —VQMIL*HXJ i li‘h? f‘JSJﬁ‘ Eu ;ﬁﬁr
4 Rby U. Thy K2 KE 1A TG

#, THINb. Ta. TiZmlpios

(166+3.7) Ma (ZuECHLITI 1)

R 2 o R

1

GRS
NW [ i 54
Z 5 NW [l (kR

B4 TRIN
JIRETS R ST,

B RO A

DR NIE

R, Az BHE. SORRDb. TR
k. ghe A
WARTERF A, 4 Rb, U, Th

ERETRATLR, TH S TR,
X545t Nb. Ta fil Ti 45 i 50 c
. PR LA ER L8,
Eu 54

(164.2+23) Ma C#H i bl B D
B R R KO AT R

Zilid . AYEBRES

NW. NNW [if5k i 2

DA R GCIRE 00 1, ek
Sy BLBEN T Ry A
j{'tﬁw‘\ PR SRR I
HEAL GiaRHE. SR, Tk
W fcj}tw KAtk WAL, TR

M LT AR, 5 Bu S

);{cﬁ/]‘j[ll hkidkf&ﬁ;(./;iJJ)Ffﬂ"kaﬁikkm j?}ﬁ;’;;&%iijim:{HEJJ"{L;‘UJ{"}% %4L{AM\JJF}\£XI4. Heazliok
TR TR, AR S S PTG, A7 FEIEY R G FLR YR
PR A R FRIAATAR G Y ARG Ak 75
B3R [19-21] [22-23] [14, 23-25]
W B LA, 50 — T — 1
5.3 EREERILSHT HXR : s
il LRI R A | ]
HFRE X, RN ERF LR SER T S
ZOP R, B MR Ei-(NaOKO) Bl o O F . M E
(B 7)K% THebiRIR M, 20 & f cM ]
KR THRRT MM B R T AR, 2 f S -
G865 BT LR, o — 1 O 58ty i 1 : ——
YA 3 ) KT PR e A A 1 B 7 K V- .
A IRF o) P BCSHN 4F1 S AR e T i RN kit
S B SR A R | i T P S AR ] P 1 R 5 T 01 u /10_(,‘ >

PHA  ITTZE TS s AR 5 5= A kA E T . il T
SRAE 5 A L Mg & A= 3 d e, A e R S s
W BT, I e o RS AR T M SR A R A
&N,
6 %5
(1) He RSP A EYERER A IR P2 T AR 8035 ek
SR L R MR K LA M JE b, R A7 K S B A

i, R G S o S AL A 5 B PR T B AR
I ISR BRARE™ R

K7 LA R AT RIGCH™ B Eu-(Na,O+K,0) &1 fif
Fig.7 Eu- (Na,O+K,0) diagram of the ore— hosting rocks
from the Biliyagu Pb-Zn—-Ag deposit

()W XKl i A B AR R (159.2+1.8) Ma,

Jig R 2 T BRI O YR AT SE YR A e e TP
B, -5 A A AR
(3) ™ W J5t 45 Kl s A O A IR B iR

B, 1R 5 e W A8 il o 7 R & 2

http://geochina.cgs.gov.cn H1E ML, 2014, 41(4)



1250 i 5] b J 20144F
AR 200 B Uk 2 s o AR E Kl A Y abstract).

JSCE AR S A G T e AR 2 i
Bt A & X R BB L xR i
TERBRENL, Al —HFHURBHHE!

5% Xk (References):

(1] 2RAE, 2, TR, S5 A A TR i X ) 5 3 A AR BT
SR, R EHLE, 2001, 28(5): 19-27.
Zhu Qun, Wu Guang, Zhang Jiongfei, et al. Derbugan metallogenic
belt mineralization zoning and exploration technology research
progress[J]. Geology in China, 2001, 28(5): 19-27 (in Chinese
with English abstract).
[2] AR A, ARELLL, RS, S NGET KRG L BU A R 2
IR R A SR T 10 (], HUBREEAR, 2009, 83(10): 1456
1472.
She Hongquan, Li Honghong, Li Jinwen, et al. The
metallogenetical characteristics and prospecting direction of the
Copper- Lead- Zinc polymetal deposits in the Northern— Central
Daxing’ anling Mountain, Inner Monglia[J]. Acta Geologica Sinica,
2009, 83(10): 1456-1472 (in Chinese with English abstract).
BRI AR, U, S NS S BT R L T AR
B[], LT, 2013, 32(4): 715-729.
Mao Jingwen, Zhou Zhenhua, Wu Guang, et al. Metallogenic

[3

—

regularity and minerogenetic series of ore deposits in Inner
Mongolia and adjacent areas[J]. Mineral Deposits, 2013, 32(4):
715-729 (in Chinese with English abstract).

[4] B —0g, S R, G, 45 b E E2 e m T R R #L A M. b
AU MU R, 2004,

Zhao Yiming, Wu Liangshi, Bai Ge, et al. Metallogeny of the
Major Metallic Ore Deposits in China[M]. Beijing: Geological
Publishing House, 2004 (in Chinese with English abstract).

[5] ERE AR, Jl oy, KA, 45, PRI dL 77 KRl M 48 DX A Rl Ak 12 5

FRIBERHAEHIER[I]. H EHLET, 2009, 36(3): 544-563.
Qiu Ruizhao, Zhou Shu, Tan Yongjie, et al. Relationship of the
evolution of the lithosphere to large— scale mineralization in the
continent of northern China and adjacent areas[J]. Geology in
China, 2009, 36(3): 544-563 (in Chinese with English abstract).

[6] Le Bas M J, Le Matire R W, Streckeisen A, et al. Achemical
classification of volcanic rocks based on the total alkali- silica
diagram[J]. Journal of Petrology, 1986, 27: 745-750.

[7] Irvine T N, Baragar W R A. A guide to the chemical classification
of the common volcanic rocks[J]. Can. J. Earth Sci., 1971, 8: 523—
548.

(8] SR, B AR, RARIC, G5, Hp [ 45— B DX £ Pl 4 g i
AHFAE[T). LT, 2006, 33(4): 816-823.

Zhang Xingzhou, Yang Baojun, Wu Fuyuan, et al. The lithosphere
structure in the Hingmong- Jihei region, northeastern China[J].
Geology in China, 2006, 33(4): 816—823 (in Chinese with English

[9] TR, VFC R, # 8, 45, NSl ARALMAUR 4 i IX L robk—

li) BH 3t Hh 2 A KL LA-ICP-MS 5 7 U-Pb 4RI A 3k k2%
FEAF[T]. #3041, 2011, 30(9): 1321-1338.
Xu Meijun, Xu Wenliang, Meng En, et al. LA-ICP-MS zircon U-
Pb chronology and geochemistry of Mesozoic volcanic rocks from
the Shanghulin—-Xiangyang basin in Ergun area, northeastern Inner
Mongolia[J]. Geological Bulletin of China, 2011, 30(9): 1321~
1338 (in Chinese with English abstract).

[10] B, VFSCR, B T8, 5. o S X R R gt A AUl s

B #5471 U=-Pb 54X R A2 S Fisth B 3 L[], A A A I,
2011, 27(4): 1209-1226.
Meng En, Xu Wenliang, Yang Debin, et al. Zircon U- Pb
chronology, geochemistry of Mesozoic volcanic rocks from the
Lingquan basin in Manzhouli area, and its tectonic
implications[J]. Acta Petrologica Sinica, 2011, 27(4) : 1209-1226
(in Chinese with English abstract).

[11] Fan W M, Guo F, Wang Y J, er al. Late Mesozoic calc—alkaline
volcanism of post—orogenic extension in the northern Da Hinggan
Mountains, northeastern China[J]. Journal of Volcanology and
Geothermal Research, 2003, 121: 115-135.

[12] Meng Q R. What drove late Mesozoic extension of the northern
China-Mongolia tract? [J]. Tectonophysics, 2003, 369: 155-174.

[13] SR A, K620 b A= AN S IR AL A AT 5 [D]. X

D E MR, 2009.
Zhang Jiheng. Geochronology and Geochemistry of the Mesozoic
Volcanic Rocks in the Great Xing'an Range, Northeastern
China[D]. Wuhan: China University of Geosciences, 2009 (in
Chinese with English abstract).

[14] 207 RG2S ALHR DI 5t 54 6L 5B R T RIS 1

D). KA K2, 2006.
Wu Guang. Metallogenic Setting and Metallogenesis of
Nonferrous— Precious Metals in Northern Da Hinggan
Moutain[D]. Changchun: Jilin University, 2006 (in Chinese with
English abstract).

[15] BRI 22, ZR 403, A5 5. LA-MC-ICP-MS 4 41 i IX 517 U-Pb
FEAEHR[I]. B RHLIT, 2009, 28(4): 481-492.

Hou Kejun, Li Yanhe, Tian Yourong. In situ U-Pb zircon dating
using laser ablation— multi ion counting— ICP— MS[J]. Mineral
Deposits, 2009, 28(4): 481-492 (in Chinese with English abstract).

[16] PR3, TAREE, BOWaE. NS A L ERID IO & A — i I

PR 2 A LA R AE B AR, I R, 2012, 39(6): 1690-
1699.
Chen Yingfu, Wang Genhou, Duan Bingxin. Zircon SHRIMP
geochronology and geochemistry of Late Jurassic volcanic rocks
in Huiyin Obo area of Dong Ujimqin Banner, Inner Mongolia[J].
Geology in China, 2012, 39(6): 1690- 1699 (in Chinese with
English abstract).

[17] Taylor S R, Mclennan S M. The continental crust: Its composition

http://geochina.cgs.gov.cn H1E LT, 2014, 41(4)



FA1E R4

RV NS LUFNE A B PR ST R AL~ R AR S i A 1251

and evolution, an examination of the geochemical record
preserved in sedimentary rocks[J]. Oxford, Blackwell Science,
1985.

[18] Boynton W V. Cosmochemistry of the Rare Earth Elements:
Meteorite  studies/Henderson ~P.  Rare  Earth  Element
Geochemistry: Development in Geochemistry[M]. Amsterdam:
Elsevier, 1984: 3—-107.

(19153, 2R, Shpli4r, 45, S IR A AR B PR

BRALFAFAE[T]. U TE, 2011, 57(2): 253-260.
Zhang Bin, Li Jinwen, Zhang Dequan, et al. Geochemic features
of Dongjun Lead- Zinc— Silver deposit, Hailar basin, Inner
Mongolia[J]. Geological Review, 2011, 57(2): 253- 260 (in
Chinese with English abstract).

[20] K3k, P STt AHR S B AR IR 3 SRR AIE SO R 52 (D). b
5 R SR B, 2011
Zhang Bin. The Geological Features and Genesis of the Dongjun
Lead-Zinc-Silver Deposit in Inner Mongolia, China[D]. Beijing:
Chinese Academy of Geological Sciences, 2011 (in Chinese with
English abstract).

[21] TrRR N, BRI, X FEAC, A RS2 o 5 A =2 7R 4 20T

AR A SRR AR SR 1 R (0], M B A1, 2005, 24(9):
848-853.
Yin Zhigang, Zhao Haibin, Zhao Handong, et al. Geochemical
characteristics and tectonic setting of basaltic rocks of the
Tamulangou Formation at the northern end of the Da Hinggan
Mountains, China[J]. Geological Bulletin of China, 2005, 24(9):
848-853 (in Chinese with English abstract).

[22] 230, B AR, L) B, &8 NSl T OE A AR A BF

FEN. EAIE AR IRFL AR, 2011, 41(6): 1745-1754.
Li Jinwen, Liang Yuwei, Wang Xiangyang, et al. The origin of the
Erdaohezi lead-zinc deposit, Inner Mongolia[J]. Journal of Jilin
University(Earth Science Edition), 2011, 41(6): 1745- 1754 (in
Chinese with English abstract).

[23] HHIE R, 4 39, XU BUR 08l iR R (YR 87 R S5 1%
AWM E R A R I] A G Ema ™ 54, 1995, 4
(6): 334-340.

Tian Shiliang, Jin Lifu, Shuang Bao. The relationship between
vein type Ag (Pb Zn) deposits and volcanic rocks of the
Tamulangou Formation in the Ergun ore belt[J]. Geological
Exploration for Non [ ferrous Metals, 1995, 4(6): 334-340 (in
Chinese with English abstract).

[24] B2 8, TRHE, X 255 A0 KA B0 R ST R e A 30 B
[T HAMHBITR, 2007, 26(3): 18-21.
Mao Aisheng, Xing Lin, Liu Zhiming. Geologic features, ore—
hunting indicator of the Deerbuer Ag— Pb-Zn deposit[J]. Jilin
Geology, 2007, 26(3): 18-21 (in Chinese with English abstract).

[25] KBy, p e, A, S AGT A AR JL ARl DX AT R S )
Wi E AN A AR REE[]. MH5 TR, 2004, 28(5): 388-393.
Zheng Guangru, Lu Jianzhong, Yu Xuezhong. Fault structures and
lithologic characters reflected by aecromagnetic survey in northern
Derbur, Inner Mongolia[J]. Geophysical & Geochemical
Exploration, 2004, 28(5): 388- 393 (in Chinese with English
abstract).

[26] =4, B K, IR, 5. B L JCRAEG RAARTIE g ],
HiJT RPN, 2007, 22(4): 294-298.
Li Yanhua, Yan Yunfei, Tan Jun, et al. The application of rare
carth elements in research of ore deposits[J]. Geological
Prospecting Review, 2007, 22(4): 294- 298 (in Chinese with
English abstract).

[27] FREN. BIETF S 43S 7 ], HLBTH Rz, 2004, 23(3): 238-245.
Xu Zhigang. On opening-closing patterns[J]. Geological Bulletin
of China, 2004, 23(3): 238-245 (in Chinese with English abstract).

(28] #F3C R, FAN, Fedm e, A5, v E AL i A AR A 5 DX I
B 55 ok H A AR AU A A s AR R 29 0], & A7,
2013, 29(2): 339-353.

Xu Wenliang, Wang Feng, Pei Fuping, et al. Mesozoic tectonic
regimes and regional ore— forming backguound in NE China:
Constraints from spatial and temporal variations of Mesozoic
volcanic rock associations[J]. Acta Petrologica Sinica, 2013, 29

(2): 339-353 (in Chinese with English abstract).

http://geochina.cgs.gov.cn H1E LT, 2014, 41(4)



1252 i 5] b

=

2014 4F

Geological and geochemical characteristics and genesis of the Biliyagu
lead-zinc—silver deposit, Inner Mongolia

WU Tao-tao, ZHAO Dong-fang, SHAO Jun, BAO Qing—-zhong, WANG Hong-bo

(Shenyang Institute of Geology and Mineral Resources, Shenyang 110034, Liaoning, China)

Abstract: Located in the northwest of Hailar-Genhe Mesozoic volcanic basin, the Biliyagu lead—zinc—silver deposit occurs in the
Upper Jurassic Manketouebo Formation acidic volcanic rocks and is controlled by the NW-trending faults, with the orebodies being
mainly of vein type. LA-ICP-MS zircon U-Pb dating of rhyolitic volcanic breccia lava indicates that its age is (159.2+1.8) Ma.
Based on the relationship between the rock and the mineralization, the authors hold that the deposit was formed in late Jurassic.
Major element geochemistry of rhyolitic volcanic breccia lava and rhyolite is characterized by high SiO, (68.31%— 77.18% ),
potassium (3.39%-4.28%), and aluminum (11.74%—14.93%) and low sodium (0.14%-0.18%), suggesting high potassium calc—
alkaline series. The REE content of rocks is low (93.65x107°-98.94x107°), and has characteristics of high LREE and LREE/HREE
ratios as well as weak Ce negative anomaly and Eu negative anomaly. Combined with the features of the rocks such as the loss of the
Sr and the obvious enrichment of LREE, it is inferred that the volcanic rocks originated from the plate. The magma of rocks might
have been derived from the upper mantle and mixed with crustal materials. Combining this study with regional tectonic evolution
characteristics, the authors hold that the deposit was formed during the closure period of Okhotsk plate in a tensile extension
environment.

Key words: lead-zinc—silver deposit; geochemistry; LA-ICP-MS zircon U-Pb dating; genesis; Biliyagu
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