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Fig. 1  Geological map of the Haobugao Pb—Zn polymetallic district
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Table 1 Major elements analysis results of monzogranite and
quartz monzonite %
. ARTRE TRAERA

GSO01 GS02 GS03 GS04  GSO5S  GS06  GSO07  GS08
Si0, 64.90 67.00 68.70 67.10 73.70 73.70 72.80 75.10
ALO, 15.85 14.89 14.52 15.15 1271 1255 1297 12.12
Ca0 1.56 097 1.13 0.97 0.54 0.64 038 0.27
Fe,0,4 1.97 227 155 053 1.07 1.18 0.81 1.04
FeO 3.00 2.04 215 341 1.69 1.74 240 1.85
P,0, 0.15 0.10 0.06 0.07 0.09  0.07 0.09  0.04
MgO 052 0.28 031 0.31 047 042 034 023
Na,O 440 4.63 456 4.89 3.98 412 412 3.51
MnO 0.08 0.07 0.07 0.06 0.14  0.15 0.19  0.16
TiO, 0.53 043 032 0.34 0.27 032 032 0.16
K,0 533 5.61 580 6.15 439 430 442 480
H,0 0.22 026 024 0.21 0.20 0.28 0.19 0.24
Bedt 114 130 043 058 110 095 1.08 0.6l
B 99.70 99.80 99.90 99.70 100.40 100.40 100.10 100.20

H N 4.62 % ; 288 (K,0+Na,0) *F ¥ it i 4> $h
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Fig.2 TAS diagram of monzogranite and quartz monzonite
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Fig. 3 Lithological discrimination diagram of monzogranite and quartz monzonite
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JEE RN 32.03 % ~36.73 %, K ALK H A YE
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Fe,0;.Na,0 I K,0 % 1 , 1fij #H X} 77 4 TiO, . CaO . MgO
P05 AN, Z K AL < 55 A X T 4 A6 & 2 7
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Table 2 CIPW normative mineral calculation results of monzogranite and quartz monzonite %
———— LYK TR A
GSo1 GS02 GS03 GS04 GS05 GS06 GS07 GS08
AP(Q) 14.05 16.15 17.09 11.10 31.52 30.85 29.59 34.61
A7 (An) 6.87 333 2.04 1.24 2.10 2.71 1.31 1.09
A1 (Ab) 37.86 39.86 38.90 41.81 34.00 35.14 35.26 29.90
ERA(Or) 32.03 33.73 34.56 36.73 26.19 25.61 26.42 28.56
WIE(C) 0.37 0 0 0 0.65 0.13 0.95 0.76
BHEAT (Di) 0 0.76 2.75 2.76 0 0 0 0
SO AT (Hy) 4.53 1.89 1.65 476 3.24 3.04 4.46 3.17
ERYem™ (1) 1.02 0.83 0.61 0.65 0.52 0.61 0.61 0.31
WA (M) 2.90 3.19 227 0.78 1.57 1.72 1.19 1.52
WK A (Ap) 0.35 0.24 0.14 0.16 0.21 0.17 0.21 0.09
&t 99.99 99.99 100.01 99.99 100.00 99.98 100.00 100.01
I3 5AR (DI 83.94 89.74 90.55 89.64 91.71 91.6 91.27 93.07
R/ (gecm™) 2.71 2.68 2.68 2.68 2.67 2.67 2.68 2.67
AR /(g cm™) 2.44 241 2.41 2.42 2.38 2.38 2.39 2.38
THE/(Pa-s) 6.73 7.40 7.77 7.16 10.04 9.93 9.68 10.68
TRRNE/(Pass) 5.54 5.88 6.07 5.73 7.12 7.06 6.97 7.36
TRARZE IR/ 919 880 860 887 766 768 780 743
H,0 it 53 /% 2.52 2.93 3.15 2.86 4.20 4.18 4.05 4.46
R AR R (A/CNK) 1.000 0.964 0.917 0.920 1.035 0.996 1.059 1.058
HFF2 8 (0) 425 431 4.15 5.02 2.27 2.30 243 2.14
[ 255 (S 3.42 1.89 2.16 2.03 4.05 3.57 2.81 2.01
HREE R (AR) 3.53 4.64 4.92 5.35 4.43 4.53 4.55 5.07
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Fig. 4 Harker diagram of monzogranite and quartz monzonite
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Table 3 Trace element analysis results of monzogranite and quartz monzonite x107°
. Ao KA ZRAEH A
LR WLO1  WL02 WL03 WL04 WLO5 WLO6 WLO7 WLOS WL0O9 WLI0O WLI1 WLI2 WLI3 WLI4 WLI5 WLI6
Be 4.6 4.4 44 4.7 4.2 3.7 5.6 3.1 4.0 4.2 44 4.1 34 4.5 33 24
Co 1.0 1.1 1.8 1.6 1.4 1.6 1.8 1.6 1.8 1.9 1.8 1.8 1.1 2.2 1.7 1.7
Cr 28 28 28 27 24 22 23 24 30 29 32 25 25 27 27 26
Cu 5 5 7 6 6 4 39 18 24 26 9 12 7 13 14 15
Li 30 31 28 28 38 45 34 31 27 32 30 26 22 25 18 16
Mn 200 191 208 204 207 141 224 166 224 287 236 273 255 320 314 186
Mo 1.0 2.0 1.9 2.0 24 1.8 0.7 0.9 0.7 1.0 2.8 2.0 0.8 0.8 1.2 1.7
Ni 2.8 3.5 3.7 29 4.2 2.9 6.6 4.9 6.1 8.5 53 7.6 2.9 52 3.8 3.1
Pb 17 17 39 25 22 14 35 35 47 26 32 27 22 19 21 12
Ti 382 455 699 650 884 550 1326 1040 1151 1269 1719 957 711 1116 630 606
AY 45 41 53 51 48 44 49 43 53 55 60 46 47 51 48 46
1.9 2.0 2.3 2.2 2.4 2.5 3.2 3.6 3.6 3.2 3.8 2.4 2.9 2.3 2.7 2.7
Zn 50 58 73 72 66 49 143 80 136 103 111 72 73 70 56 56
Sh 2.1 2.1 2.3 2.0 2.6 22 0.6 0.7 1.0 0.7 0.5 0.4 0.3 0.6 0.6 0.7
Bi 0.54 0.48 0.82 0.67 0.68 0.57 2.55 2.31 6.08 9.37 1.38 3.81 1.23 0.30 0.23 0.25
P 86 84 98 106 115 92 104 93 100 150 154 89 46 185 56 57
Se 3.7 33 35 3.6 3.5 33 5.0 3.7 4.6 4.6 4.6 43 1.7 3.5 1.4 1.3
Ga 9.9 9.8 9.3 8.7 9.2 9.6 13.7 11.1 11.4 9.7 13.8 8.8 8.4 12.0 7.8 7.6
Rb 237 227 181 183 273 177 274 183 241 173 206 176 290 184 183 179
Sr 30 32 51 33 39 31 102 71 76 72 102 48 42 77 36 31
Zr 185 185 156 161 186 166 188 196 197 237 223 188 244 276 252 252
Nb 8.1 9.2 13.2 12.5 15.4 10.0 21.4 13.9 17.7 16.5 16.4 20.3 23.1 17.8 19.7 18.9
Te 0.025 0.045 0.040 0.035 0.047 0.043 0.053 0.043 0.057 0.069 0.052 0.041 0.034 0.049 0.046 0.036
Ba 188 183 140 122 192 168 341 363 304 236 466 173 64 335 78 90
Hf  5.71 5.64 451 5.33 6.95 5.20 5.61 5.69 6.19 6.74 6.25 6.37 6.54 7.25 7.67 8.12
Ta 1.0 1.2 1.5 1.5 1.6 1.1 24 1.6 2.1 1.7 1.6 2.6 2.1 1.6 1.7 1.7
Th 21 19 21 20 20 19 26 20 25 21 18 25 22 20 22 20
U 6.3 6.2 75 7.0 6.9 6.1 6.6 5.3 6.3 4.7 5.7 52 3.4 43 35 33
As 10.4 11.9 25.5 28.5 15.5 13.1 28.5 13.1 19.3 24.4 4.2 24.6 2.2 13.4 13.8 15.2
Hg 0.016 0.033 0.020 0.064 0.025 0.027 0.027 0.042 0.033 0.027 0.017 0.033 0.022 0.022 0.028 0.032
AuV 0.4 1.5 0.8 1.0 0.8 0.9 0.5 4.8 0.4 0.7 1.6 0.7 0.2 0.7 0.7 0.6
Ag 0.15 0.15 0.16 0.24 0.16 0.19 0.07 0.10 0.07 0.07 0.03 0.04 0.06 0.07 0.08 0.11
Sn 6.1 6.3 5.2 5.6 4.9 6.2 9.7 53 7.4 7.7 5.5 9.4 6.7 11.9 10.9 6.2
B 10.6 14.0 10.2 11.0 11.7 12.5 4.0 3.6 5.5 3.0 3.6 2.0 1.8 1.0 1.3 1.1
293 319 293 334 293 334 564 215 348 306 473 415 733 189 159 133
Cl 20.0 27.0 20.0 20.0 29.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0  26.0 20.0 20.0 20.0
Se <0.03 <0.03 0.04 <0.03 <0.03 <0.03 0.07 0.05 0.06 0.10 <0.03 <0.03 0.04 0.04 <0.03  <0.03
Y 30 28 33 28 39 34 30 36 16 15 14 15 16 15 13 14

A Dw(Au)/X107°,

La.Ce Nd.Sm.Y.Yb.LuFHEMHBEKZL,
3.3 ®mixw=E

TRAER AR R TR AR I 4,

M1 4 A R AER A I 20K (REE) Ji

UK 79%107 ~ 98x10°, S35 {H A 88X10;0(La)/
w(Yb) #lw(LREE )40 (HREE ) {43 %] 4 6.0 ~ 8.1 Fl
6.7 ~ 7.8, KW K AL 7580 LU R EM LITR 5
SRR, A, w (La) /w (Sm) (fH R 3.5, w(Gd) /
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Table 4 Rare earth element analysis results of monzogranite and quartz monzonite X107
. APERA TRAERK A
= XTOl XT02 XTO3 XT04 XTO5 XT06 XT07 XT08  XT09 XTI10 XTI11 XT12 XT13 XT14 XT15 XT16
La 58 69 79 58 65 67 73 67 20 19 18 15 19 18 15 18
Ce 102 116 153 99 92 138 144 103 39 35 35 33 37 36 36 36
Pr 12.3 14.2 16.2 12.3 14.6 13.8 14.7 14.4 5.0 4.7 4.5 3.7 4.7 4.4 3.6 4.4
Nd 43 49 55 44 52 47 50 51 18 17 16 14 18 16 13 16
Sm 7.3 7.6 8.5 7.2 9.2 7.5 7.9 8.6 3.7 34 3.5 3.0 3.7 33 2.7 33
Eu 0.9 0.8 0.9 0.8 0.9 0.8 0.7 0.9 0.6 0.5 0.5 0.5 0.5 0.5 0.4 0.5
Gd 6.6 6.8 7.7 6.5 7.8 7.0 7.0 7.4 3.2 2.9 3.0 2.7 3.1 29 2.6 2.8
Th 0.8 0.8 1.0 0.8 1.1 0.9 0.9 1.0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Dy 6.0 59 6.7 5.8 8.0 6.6 6.2 7.1 3.0 29 2.8 2.8 3.1 2.9 2.5 2.7
Ho 1.3 1.2 1.4 1.2 1.7 1.4 1.3 1.5 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5
Er 33 3.1 3.7 32 43 3.6 33 39 1.6 1.5 1.4 1.5 1.6 1.5 1.3 1.4
Tm 0.6 0.6 0.7 0.6 0.8 0.7 0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Yb 39 3.6 4.3 3.7 5.1 4.2 4.0 4.5 1.9 1.7 1.7 1.8 1.9 1.8 1.7 1.7
Lu 0.6 0.6 0.7 0.6 0.8 0.7 0.6 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
> REE 247 280 339 243 264 300 314 271 98 90 88 79 94 89 80 89
LREE 224 257 313 221 234 275 290 244 87 79 77 69 83 78 70 79
HREE 23.1 22.5 26.1 22.4 29.6 25.1 24.1 26.8 11.4 10.5 10.5 10.3 11.5 10.7 9.4 10.1

w(LREE Viw(HREE) 9.7 11.4 12.0 9.9 7.9 11.0 12.0 9.1 7.6 7.5 7.4 6.7 72 7.3 7.5 7.8
Sku 039 034 033 036 032 032 028 035 048 045 044 048 045 046 043 046
6Ce 0.89 0.86 099 087 0.7 1.05 1.02 0.77 092 087 094 1.03 095 098 1.16  0.95
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Fig. 6 Geotectonic discrimination diagram of monzogranite and quartz monzonite
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Fig. 7 Granite type discrimination diagram of monzogranite and quartz monzonite
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Table 5 Ore-forming element analysis results of monzogranite

and quartz monzonite
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Geochemical characteristics and metallogenic prediction of 2 types of granite from the
Haobugao lead—zinc polymetallic deposit in Inner Mongolia

Yan Xiaohua'?, Li Jinxi®, Li Huan*, Zhu Dapeng’, Xie Yiming®, Jiang Yongfang'?
(1. Hunan Geosun Hi-technology Co., Ltd.;
2. Hunan Provincial Deep Resource Electromagnetic Exploration Engineering Technology Research Center;

3. The First Geological Exploration Institute, Bureau of Geology and Mineral Exploration and Development of Henan;
4. School of Geosciences and Info-physics, Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geologi-
cal Environment Monitoring, Ministry of Education, Central South University;

5. Bayerisches Geoinstitut, University of Bayreuth)

Abstract: The Haobugao lead—zinc polymetallic deposit is classified as a large-scale deposit, with the intrusive
rocks closely associated with mineralization being the Ulanba rock mass, which primarily comprises monzogranite and
quartz monzonite. To investigate the genesis of the rock mass and its relation to mineralization, major and trace ele-
ments (including rare earth elements) of the 2 rock types were analyzed. Results show that the SiO, mass fractions of
monzogranite and quartz monzonite average 73.85 % and 66.94 %, respectively. Both exhibit high potassium (w(K,0)=
4.48 %, 5.72 %) and rich aluminum (w(A1,0,)=12.59 %, 15.10 %) characteristics. Monzogranite belongs to alkaline
rocks rich in K and Ca, whereas quartz monzonite corresponds to the shoshonite series. Their rock differentiation indi-
ces (DI) range from 90.27-93.07 for monzogranite and 83.94-90.55 for quartz monzonite. The chondrite -normalized
rare earth element (REE) patterns of both align with A-type granite features, enriched in large ion lithophile elements
(LILEs) and depleted in high field strength elements (HFSEs). Quartz monzonite has higher REE contents and exhibits
a weaker negative Eu anomaly (6Eu=0.70-0.96) compared to monzogranite (0Eu=0.38-0.56), which has lower La, Ce,
Nd, Sm, Y, Yb, and Lu contents. Monzogranite is classified as A1-type granite, while quartz monzonite is categorized as
A2-type granite. Based on the regional geological context, the Ulanba rock mass is interpreted to have formed during
the transition of subduction direction of the Paleo—Pacific Plate beneath the North China Plate. Regional extension in
the period triggered mantle upwelling and the emplacement due to granitic magma rising. Differences in major and
trace elements between the 2 granites are directly linked to the degree of mantle material mixing. Variations in altera-
tion coefficients and metallogenic factors suggest that monzogranite is associated with Cu, Mo, Pb, W, Zn, Ag, and Sn
mineralization, while quartz monzonite contributed to Cu, Bi, Ag, and Sn mineralization. Determining the main mineraliza-
tion stage and related magmatic rocks provides key guidance for deep prospecting and deposit genesis studies and
offers important insights into assessing the metallogenic potential of regional granitoids.

Keywords: Haobugao; lead—zinc polymetallic deposit; monzogranite; quartz monzonite; geochemical characteris-

tics; metallogenic potential



