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Abstract: [Objective] The southern segment of the Daxing'anling Range constitutes a significant tin-polymetallic metallogenic belt in
northern China. Representative deposits include the Huanggang and Mogutu skarn-type Fe-Sn systems, which exhibit direct spatio-
temporal and genetic relationships with highly fractionated alkali-feldspar granites or syenogranites. Further investigation is warranted
regarding petrogeochemical characteristics of these granites and their implications for mineral exploration. [Methods] This study
explores the characteristics of the ore—forming granites and their implications for ore prospecting through zircon U-Pb dating,
whole—rock major, trace and rare earth element testing, and mineralogical studies. [Results] The weighted average U—Pb ages obtained
from zircon dating are 131.8£2.0 Ma(MSWD=1.3) and 137.1+1.3 Ma(MSWD=0.8), indicating that the emplacement of alkali feldspar
granite in the Huanggang and Damogotu deposits occurred during the Early Cretaceous. The main elements of the whole rock show that
the granite has the characteristics of high silicon (73.97%~79.05%), high alkali (7.83%~8.88%), low calcium, iron, magnesium,
titanium and phosphorus, and is a metaluminous to weak peraluminous (A/CNK=0.93~1.09) highly differentiated granite. The trace and
rare earth elements in the whole rock show that the granite is characterized by high Rb, Th and Pb, and low Ba, Sr, P and Ti. The rare
earth element distribution map is relatively flat (Lay/Yby=0.96~12.04), with strong negative Eu anomaly (Eu/Eu’=0.01~0.03) and weak
negative Ce to positive Ce anomaly transition feature (Ce/Ce"=0.96~1.56), and the trace element distribution map has weak tetrad effect
(TE, 5=0.99~1.14). In the ore—forming granites, elements such as Th, U, Nb, Ta and Yb are enriched with the increase of the degree of
differentiation. [Conclusions] The metallogenic granites of the Huanggang and Mogutu skarn—type Fe—Sn deposits in the Southern
Section of the Daxing'anling Mountains are Early Cretaceous high—silica highly fractionated granites, whose formation process has a
significant enrichment effect on ore—forming elements such as U, Sn, Nb and REE. Combined with the research progress of regional
geology, geophysical exploration, geochemical exploration and remote sensing, this study of chronology, mineralogy and geochemistry
shows that the areas with Late Yanshanian differentiated granites in the Southern Section of the Daxing'anling Mountains not only have
metallogenic potential for Sn—Pb—Zn—Ag polymetals, but also have prospecting potential for U-Nb—Ta—REE.

Key words: highly differentiated granite; southern section of the Daxing'anling Mountains; skarn iron-tin deposit; Early Cretaceous;
prospecting potential of U-Nb—Ta—REE; mineral exploration engineering

Highlights: In the southern section of the Daxing'anling Mountains, the higher the degree of magmatic evolution in highly
differentiated granites, the more conducive it is to the enrichment and mineralization of Sn, U, Nb, Ta, and REE (rare earth elements).
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Fig. 1 Tectonic background (a) and geological (b) maps of the southern section in the Daxing'anling Mountains
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Fig.3 Geological sketch map of Mogutu mine area
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Fig. 4 Petrographic photos of Huanggang and Mogutu granites
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Fig. 5 QAP diagram of ore-forming granites in Huanggang and Mogutu deposits
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x1 ERMEGHRT ERA LA-ICP-MS A U-Th-Pb UE SR
Table1 LA-ICP-MS zircon U-Th—Pb dating analysis data of Huanggang and Mogutu metallogenic granites
FH07° R 2 LB AF%/Ma
W55 Th/U
Th 207pp/B5y lo 2pp/2Y lo 27pb/PU lo 2pp/2iy lo
HG16-1

HG16-1-1 3186 2381 1.34 0.2721 0.0111 0.0257 0.0005 244 9 164 3
HG16-1-2 701 4081 0.17 0.1467 0.0063 0.0211 0.0004 139 6 134 3
HG16-1-3 1239 5410 0.23 0.1921 0.0101 0.0196 0.0002 178 9 125 1
HG16-1-4 888 3742 0.24 0.2581 0.0091 0.0253 0.0003 233 7 161 2
HG16-1-5 1205 4762 0.25 0.1931 0.0059 0.0208 0.0004 179 5 133 2
HG16-1-6 1180 2818 0.42 0.1784 0.0043 0.0241 0.0004 167 4 153 3
HG16-1-7 1906 2981 0.64 0.2908 0.0156 0.0249 0.0005 259 12 159 3
HG16-1-8 1500 4053 0.37 0.2612 0.0084 0.0219 0.0003 236 7 139 2
HG16-1-9 733 1829 0.40 0.1482 0.0048 0.0207 0.0004 140 4 132 3
HG16-1-10 400 1099 0.36 0.1401 0.0043 0.0207 0.0003 133 4 132 2
HG16-1-11 758 2065 0.37 0.1755 0.0101 0.0197 0.0004 164 9 126 3
HG16-1-12 846 1928 0.44 0.1432 0.0040 0.0208 0.0004 136 4 133 2
HG16-1-13 869 2060 0.42 0.1383 0.0030 0.0207 0.0003 131 3 132 2
HG16-1-14 830 1986 0.42 0.1590 0.0058 0.0218 0.0004 150 5 139 2
HG16-1-15 1046 2541 0.41 0.1397 0.0042 0.0198 0.0004 133 4 127 2
HG16-1-16 660 1604 0.41 0.1473 0.0081 0.0200 0.0005 139 7 128 3
HG16-1-17 792 1765 0.45 0.1597 0.0049 0.0224 0.0004 150 4 143 3
HG16-1-18 1219 1938 0.63 0.1454 0.0042 0.0207 0.0003 138 4 132 2
HG16-1-19 604 1520 0.40 0.1450 0.0041 0.0210 0.0003 137 4 134 2

MGT16-3
MGT16-3-1 301 867 0.35 0.1598 0.0078 0.0216 0.0004 151 7 138 3
MGT16-3-2 590 1019 0.58 0.1956 0.0083 0.0222 0.0005 181 7 141 3
MGT16-3-3 300 1015 0.29 0.1423 0.0046 0.0212 0.0004 135 4 135 2
MGT16-3-4 135 305 0.44 0.1435 0.0072 0.0216 0.0004 136 6 138 2
MGT16-3-5 233 771 0.30 0.2351 0.0084 0.0203 0.0003 214 7 130 2
MGT16-3-6 120 365 0.33 0.1457 0.0078 0.0212 0.0004 138 7 135 2
MGT16-3-7 431 1335 0.32 0.1544 0.0042 0.0215 0.0003 146 4 137 2
MGT16-3-8 107 195 0.55 0.1343 0.0070 0.0213 0.0004 128 6 136 3
MGT16-3-9 117 275 0.42 0.1526 0.0105 0.0222 0.0005 144 9 141 3
MGT16-3-10 695 2042 0.34 0.1549 0.0054 0.0210 0.0004 146 5 134 2
MGT16-3-11 324 450 0.72 0.1589 0.0109 0.0213 0.0006 150 10 136 4
MGT16-3-12 125 305 0.41 0.1597 0.0097 0.0221 0.0005 150 8 141 3
MGT16-3-13 67 157 0.43 0.1820 0.0160 0.0243 0.0005 170 14 155 3
MGT16-3-14 158 377 0.42 0.1533 0.0077 0.0212 0.0004 145 7 135 3
MGT16-3-15 656 339 1.93 1.1225 0.0523 0.0247 0.0005 764 25 157 3
MGT16-3-16 151 230 0.66 0.1503 0.0078 0.0216 0.0004 142 7 138 3
MGT16-3-17 72 140 0.52 0.1997 0.0149 0.0238 0.0006 185 13 151 4
MGT16-3-18 150 350 0.43 0.6214 0.0474 0.0239 0.0006 491 30 152 4
MGT16-3-19 134 362 0.37 0.1655 0.0100 0.0225 0.0006 155 9 143 4
MGT16-3-20 206 379 0.54 0.1541 0.0058 0.0216 0.0004 145 5 138 3
MGT16-3-21 65 194 0.34 0.1445 0.0095 0.0216 0.0005 137 8 138 3
MGT16-3-22 1085 2402 0.45 0.1985 0.0065 0.0231 0.0003 184 6 147 2
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Table 2 Composition of major, trace and rare earth elements in the metallogenic granites of Huanggang and Mogutu

HGT16-1 HGT16-2 HGT16-3 HGT16-4 HGT16-5 HG16-1 HG16-2 HG16-3 HG16-4 HG16-5

TR WAL KA RN ERAERA ERERE RAERE RERE RS RS RN
Sio, 76.22 76.14 77.37 74.65 76.08 79.05 77.38 73.97 74.69 74.52
TiO, 0.07 0.09 0.05 0.10 0.06 0.07 0.06 0.19 0.18 0.18
ALO, 12.31 12.36 12.12 12.75 12.11 12.13 12.38 13.04 12.70 12.73
Fe,0, 0.69 0.88 0.71 0.63 0.77 0.01 0.01 0.84 0.82 0.60
FeO 1.08 1.07 1.29 1.33 1.25 0.53 0.50 1.66 1.44 1.68
MnO 0.06 0.07 0.07 0.07 0.08 0.04 0.03 0.07 0.07 0.06
MgO 0.06 0.06 0.04 0.10 0.05 0.04 0.02 0.16 0.17 0.18
CaO 0.45 0.44 0.28 0.65 0.35 0.11 0.25 0.35 0.24 0.37
Na,O 3.85 3.91 3.88 3.98 3.63 3.95 4.37 3.36 3.12 3.37
K,0 4.49 4.56 4.52 4.56 4.58 4.10 4.07 4.55 4.87 4.88
P,0, - - - 0.02 - - - 0.04 0.04 0.04
Peok i 0.16 0.14 0.26 0.27 0.23 0.24 0.19 0.78 0.68 0.56
Rt 99.45 99.73 100.60 99.11 99.20 100.30 99.27 99.01 99.02 99.17
H,0" 0.44 0.58 0.58 0.82 0.88 0.78 0.42 1.38 1.24 1.12
TFeO 1.70 1.86 1.93 1.90 1.94 0.54 0.51 242 2.18 2.22
A/CNK 1.03 1.02 1.03 1.01 1.05 1.09 1.03 1.18 1.17 1.11
A/NK 1.10 1.09 1.08 111 1.11 1.11 1.07 1.25 1.22 1.18
F 0.07 0.11 0.03 0.20 0.07 0.02 0.12 0.08 0.03 0.10
Li 12.40 9.84 10.40 26.40 14.50 33.50 41.50 146.00 54.00 33.70
Be 5.76 6.19 3.89 6.29 8.66 1.37 1.64 5.24 4.83 4.89
Sc 1.91 2.03 1.96 2.52 1.90 1.26 1.34 3.37 3.37 3.34
v 0.85 0.98 0.93 2.80 0.67 0.85 0.63 5.78 6.39 5.64
Mn 386 492 507 563 575 256 229 518 472 442
Co 0.74 0.82 0.96 1.23 1.06 0.59 0.48 1.97 2.12 1.81
Ni 1.59 2.65 2.36 1.74 2.16 2.05 2.12 2.14 2.20 2.03
Cu 5.17 421 5.26 3.79 4.47 571 7.38 7.82 5.46 6.60
Zn 49.20 43.30 38.50 30.20 43.40 28.40 35.00 70.30 52.20 49.20
Ga 23.10 22.20 23.80 23.00 24.20 27.40 25.90 24.40 23.80 23.40
As 11.80 7.96 12.90 10.60 16.40 259.00 5.53 30.80 19.80 16.90
Mo 1.96 1.96 3.27 1.95 2.15 0.51 1.32 1.58 0.56 0.52
Ag 0.11 0.12 0.14 0.04 0.09 0.05 0.05 0.10 0.01 0.03
cd 0.13 0.12 0.16 0.05 0.22 0.05 0.07 0.17 0.12 0.15
In 0.08 0.07 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06
Cs 2.75 4.67 1.48 23.90 2.28 2.47 1.98 8.17 5.23 4.8
w 1.82 1.68 3.24 1.25 2.62 4.16 1.90 2.60 4.76 2.38
Tl 0.66 0.52 0.72 1.13 0.82 221 1.90 2.28 2.20 1.85
Pb 20.90 19.50 17.30 18.90 24.30 26.60 25.60 41.70 39.50 30.70
Bi 0.31 0.15 1.06 0.13 0.14 10.80 7.67 2.78 15.80 5.10
Rb 165 163 148 255 198 161 181 208 250 237
Ba 111.0 157.0 30.6 274.0 473 109.0 127 355.0 347.0 336.0

Th 35.00 27.50 43.10 29.20 38.00 9.59 24.50 26.80 24.40 26.60
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3% 2-1
B HGT16-1 HGTI6-2 HGT16-3 HGTI6-4 HGTI6-5 HGl6-1  HGl6-2  HGl6-3  HGl6-4  HG16-5
EE BRAE A BKRAERSS IRAERE IERERS ERAERS R KBRS BIRERE KRS IR
U 7.72 8.86 18.10 10.50 7.08 457 432 4.45 4.40 4.53
Ta 2.20 2.28 3.81 3.41 4.13 1.95 2.14 1.67 1.73 1.73
Nb 20.90 21.50 33.90 28.10 31.40 19.10 21.30 16.50 17.20 17.00
Sr 17.60 18.50 7.87 42.00 9.78 11.20 4.97 60.10 57.90 62.00
Zr 178 133 173 167 138 158 140 203 198 213
Hf 9.99 5.66 9.37 6.90 7.58 7.73 7.25 7.41 7.28 7.79
La 31.40 33.70 16.90 39.30 25.70 3.96 4.58 54.80 25.00 37.00
Ce 73.60 74.80 48.20 86.00 63.60 8.18 11.60 116.00 77.80 93.90
Pr 9.72 9.67 8.11 10.70 8.61 0.95 1.90 14.00 5.98 8.86
Nd 38.10 38.30 36.80 41.90 34.90 3.53 9.85 53.20 22.80 33.70
Sm 8.93 8.49 10.60 9.24 8.84 0.83 3.88 10.70 4.97 6.85
Eu 0.17 0.22 0.10 0.36 0.11 0.05 0.05 0.60 0.43 0.48
Gd 7.79 7.10 9.51 7.55 7.49 0.76 4.82 8.17 4.66 573
Tb 1.38 1.19 1.73 1.33 1.29 0.15 0.90 1.35 0.92 1.06
Dy 7.93 6.88 10.10 7.85 7.34 0.99 5.74 7.11 6.09 6.62
Ho 1.66 1.41 2.05 1.61 1.48 0.24 1.26 1.38 1.36 1.47
Er 4.53 3.82 5.51 4.47 4.01 0.83 3.49 3.48 4.00 4.17
Tm 0.72 0.59 0.86 0.72 0.65 0.15 0.54 0.53 0.65 0.68
Yb 438 3.59 5.20 4.58 4.07 1.04 3.32 3.17 4.08 424
Lu 0.66 0.55 0.79 0.72 0.62 0.18 0.51 0.47 0.64 0.67
Y 39.90 34.30 46.00 39.50 35.20 4.82 29.60 25.20 28.00 31.80
TREE 230.87 224.61 202.46 255.83 203.91 26.66 82.04 300.20 187.40 237.20
TLREE 161.92 165.18 120.71 187.50 141.76 17.50 31.86 249.30 137.00 180.80
SHREE 68.95 59.43 81.75 68.33 62.15 9.16 50.18 50.86 50.40 56.44
SLREE/THREE 235 2.78 1.48 2.74 2.28 1.91 0.63 4.90 2.72 3.20
Eu/Eu* 0.06 0.09 0.03 0.13 0.04 0.19 0.04 0.20 0.27 0.23
TE,, 1.04 1.02 1.07 1.03 1.05 1.01 0.99 1.03 1.14 1.07
B MGTI16-1  MGTI6-2 MGTI16-3  MGT16-4 MGT16-5 MGT16-6  DSSI6-1  DSSI6-2  DSS16-3  DSSI16-4
e BKAER A IERAERE WKAERS ERIERS MRKERAS MKERS MKERS MKERS KERS BKENRE
Sio, 75.91 77.58 75.15 77.20 78.75 77.30 75.50 76.10 76.10 76.00
TiO, 0.08 0.07 0.08 0.06 0.05 0.08 0.06 0.05 0.06 0.05
ALO, 12.28 11.82 12.95 11.07 1131 11.96 12.20 12.50 12.10 12.40
Fe,0 0.23 0.01 0.22 0.01 0.01 0.01 0.32 0.39 0.22 0.02
FeO 1.56 0.93 0.83 1.15 0.72 1.09 1.42 111 1.59 1.36
MnO 0.08 0.06 0.08 0.07 0.04 0.07 0.07 0.07 0.09 0.06
MgO 0.06 0.05 0.07 0.05 0.05 0.06 0.05 0.05 0.04 0.04
Ca0 0.54 0.54 0.52 1.16 0.23 0.49 0.55 0.39 0.58 0.43
Na,0 3.85 3.02 2.84 2.24 2.44 2.97 3.62 3.79 3.71 3.84
K,O 4.28 5.05 6.04 5.59 5.54 5.19 4.65 4.58 436 455
P,0, - - - - - - - - - -
PR AL 0.30 0.29 0.41 0.52 0.17 0.27 0.42 0.36 0.40 0.40
Mt 99.18 99.43 99.20 99.13 99.32 99.50 98.90 99.50 99.30 99.10
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2§22
» MGTI16-1 MGTI16-2 MGTI16-3 MGTI16-4 MGT16-5 MGTI16-6 DSS16-1 DSS16-2 DSS16-3 DSS16-4
TR KL S IERAER A MR ERAER A WIER S KA A WK IER S KRS RIERE KL

H,0" 0.98 0.74 0.98 0.90 0.74 0.80 0.88 1.00 0.98 0.86
TFeO 1.77 0.94 1.03 1.16 0.73 1.10 1.71 1.46 1.79 1.38
F 0.27 0.2 0.25 0.67 0.057 0.18 0.29 0.18 0.3 0.21
A/CNK 1.03 1.04 1.07 0.93 1.08 1.05 1.02 1.05 1.02 1.03
A/NK 1.12 1.13 1.16 1.14 1.13 1.14 1.11 1.12 1.12 1.10
Li 24.60 16.20 23.30 55.80 25.10 22.90 25.10 18.80 31.60 23.30
Be 7.35 9.90 4.64 3.78 4.60 5.97 6.31 5.85 9.26 5.94
Sc 2.13 1.96 2.11 1.45 1.20 1.50 1.66 1.54 1.54 1.58
Vv 1.14 1.84 2.54 1.71 1.10 1.81 1.01 0.90 0.80 0.78
Mn 562 431 574 524 310 504 534 458 625 387
Co 1.12 0.81 1.19 0.97 0.74 0.96 1.08 0.92 1.15 0.76
Ni 2.05 2.20 2.69 2.61 1.42 2.35 2.21 2.11 2.14 1.50
Cu 5.49 11.90 21.90 11.40 9.30 14.30 7.02 3.71 5.56 243
Zn 18.80 48.50 99.30 34.80 33.90 54.10 12.90 11.80 29.50 15.10
Ga 26.60 19.60 20.50 18.30 17.60 20.30 26.10 27.20 27.10 27.00
As 12.50 121.00 55.30 50.60 85.80 66.70 7.80 37.10 28.00 24.80
Mo 0.83 0.28 0.51 0.39 0.22 0.51 0.83 0.87 3.17 0.29
Ag 0.02 0.03 0.05 0.02 0.05 0.03 0.03 0.03 0.09 0.00
Cd 0.05 0.13 0.19 0.10 0.08 0.08 0.05 0.08 0.25 0.05
In 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Cs 9.92 7.02 9.94 7.48 7.26 7.47 8.39 10.9 7.16 9.12
w 3.8 2.21 1.55 297 1.81 2.49 4.82 10.5 6.63 2.59
Tl 2.07 2.18 2.4 2.39 243 2.26 2.14 2.35 2.22 2.32
Pb 32 26.8 26.4 26.1 27.2 29 34 30.8 48.6 319
Bi 0.13 17.4 34 6.2 16.7 7.37 0.06 0.06 0.07 0.05
Rb 425 275 331 302 297 286 427 453 445 461
Ba 37.3 65.1 390 81.6 76.2 78.9 38.1 30.3 14.2 18.4
Th 56.8 55.8 17 42.6 41.2 52.9 62.6 44.8 58.4 57.2
U 9.22 5.95 2.26 491 3.02 4.69 12.2 5.44 11 8.58
Ta 5.29 2.24 1.89 3.58 2.68 3.73 447 4.02 5.53 4.28
Nb 419 13.3 11.9 21.4 16.4 19.5 39.6 34.9 413 349
Sr 13.1 23.4 47.6 23.5 22 23.5 11.9 11.1 104 10.7
Zr 115.0 116.0 69.1 98.1 67.1 160.0 161.0 90.7 138.0 121.0
Hf 8.06 6.64 3.57 6.16 4.14 8.13 9.81 6.54 9.15 8.6
La 70.7 25.7 20.4 28.4 15.8 31.6 41.2 36.5 49.6 34.8
Ce 160 61.6 45 63.7 35.8 71.9 93.7 83.2 111 80.9
Pr 18.7 7.7 5.22 7.76 4.14 8.2 11.8 10.2 14 10.2
Nd 63.4 30.6 19.5 27.3 14.7 28.6 44.5 38.1 52.9 39.2
Sm 13 8.65 4.56 5.45 3.12 5.81 11 94 13.3 9.66
Eu 0.12 0.17 0.47 0.18 0.15 0.17 0.09 0.07 0.05 0.05
Gd 10.9 9.08 4.06 4.64 2.79 5.18 10.5 9.06 12.8 9.34
Tb 2.03 1.82 0.73 0.83 0.53 0.97 2.07 1.82 2.61 1.86
Dy 12.4 11.5 4.64 5.38 3.37 6.15 13.3 11.8 16.8 11.8
Ho 2.76 2.51 1 1.25 0.76 1.39 3.03 2.69 3.84 2.69
Er 8.21 7.41 2.9 3.92 2.25 4.14 8.9 8.21 11.5 8.08
Tm 1.42 1.24 0.49 0.7 0.38 0.73 1.51 1.42 2 1.39
Yb 9.28 7.77 3.06 4.74 243 4.77 9.66 9.19 13 9.02
Lu 1.48 1.2 0.48 0.78 0.38 0.76 1.49 1.42 2.02 1.42
Y 78.4 68.1 26.8 40 18.3 36.4 85.6 77.3 97.4 79.4
XREE 452.80 245.05 139.31 195.03 104.90 206.77 338.35 300.38 402.82 299.81
2LREE 325.92 134.42 95.15 132.79 73.71 146.28 202.29 177.47 240.85 174.81
XHREE 126.88 110.63 44.16 62.24 31.19 60.49 136.06 122.91 161.97 125.00
JLREE/XHREE 2.57 1.22 2.15 2.13 2.36 242 1.49 1.44 1.49 1.40
Eu/Eu’ 0.03 0.06 0.33 0.11 0.16 0.09 0.03 0.02 0.01 0.02
TE,; 1.07 1.07 1.04 1.03 1.06 1.06 1.05 1.06 1.05 1.05

TE: TE, 5HHE /R A A WIS AR AR TR HIBREE (Irber et al., 1999), FHITHE S HEANL N %, O AR 0 E S R0 k107
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Fig. 7 SiO,—K,0 (a) and A/CNK—-A/NK (b) diagrams of Huanggang and Mogutu ore-forming granites
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Fig. 8 Covariant diagrams of ore-forming granites in Huanggang and Mogutu deposits
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Diagrams for distinguishing highly differentiated granites
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Huanggang and Mogutu deposits
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Table 3 Mineral exploration discoveries obtained through geophysical exploration, remote sensing, geochemical exploration

and other means in the southern segment of the Daxing’anling Mountains

DBl EEHARTE B W SR VORI
) R AT N % SpUNESEAINE: i
Yo B X Sl R R A s e ORI, SHWIIEN )

BRI B . B R
Zalm
J& M- X | 85
NN SN A
¢ b B I B A,
SR A RINEE ST HER L2

AT R TR
T
T T

C

72

B HELYAER A

LIS

ERAERA

BOIRIE =B b AR SRR R B

LR 0 S OB I AR Bl e

HA R, HE N SRR R
A O )8 S BTV

R, 2005
REAT ARAHZLRWERE

FRIL M AL R B S BRI DR 7 FE e LU M T R AR 2 SR A A0 AT,

BIIKSAE, 2025
PR R 240 & B ANRIZ -k s
T b NS R AR e L L

HERA SRR AR A X

IR TIRIX & 4R . A4 S AL B 4 SRR e
RE4E 3 BB, I 53U Nb #1 REE JTE & £
(HIT, 2024) . A EFGE N, A TR X R 24%
U R B, i [ AR R X A 4 AR B A T IR R
22, I UHE L SER FIEL R PR AR A R (2535 45
2013; MR ARAE, 2014) . K5 LIS -4 - 4R - TR (48
{RAE, 2007) . R I a0 Ol 4l A& 55, 2021)
S, AUAIRGY B 7R 3K Se 4 PR ™ 35 5 e B2 Ak 1 £
BIA A . IR EEMF oY R I, K420 T Bl IX B K
- - RS, R T
CINS Y2 TN e R LR 8

W RAIE 5T 3 B, KD oK s i X1 38E 11 5 30 46
FAMT IR (FIRAE, 2022); @R AL
YN, B M X, LR AR R Ak
DA A I 5 X GFIR, 2005 ) 5 5 A EF 40 b 5 i
TR, J5 M IT—Ih 37 b XA AR A 48 50 v i Ak
TR PN AN i o B 4H L B R T, ELEA AR A%
AoE AL A A B4 U, Th, Rb, Cs FIF:H 17T
RAERAE (B BKBSE, 2025) . 25 IAIALE -, d5K it
XA T3 5 S I R T R ¥R 24 200 km &b, J5 B
T —E i X B X5 8 e - R[] b
T - H R R B, Y8 RS e B B[]
KA L, Yl ek A 2s. Wik, £H NN, K
LU T BEHE LL G ) A B TR 8 BE 43 S T Ak
161 7 1 4345 X8, 7T REAH U-Nb-Ta—REE M4 8”

N—

T X
6 4

(1) 35 5 B A I U AR 8 131.8+2.0 Ma,

R A Bk T A K BUA AR 1371+
1.3 Ma, R B ABE T A8 B e i AR R
S5 X 8 2 4 B0 R i —3, o 150~
120 Ma.

(2) B MBIk S R KA kB R 45, B
FE PR (R AP A TP oA I R A 5, R EAT IR
TRILIAE LS RS, B e A TR R A
E B BN S Y o A 2L, B % Rb. Th, Nd. Sm,
Zr, Hf, Ta, 54 Ba, Sr. P. Nb, Ti, #% . ##i + o0&
ISR, I HAA B /INE) Nb/Ta {8 . Ze/HE (B AR
() Rb/Sr fH, # £ 702 WU/ 2100 . 58 ZU 11 Eu S8
Ao 235 IR BE 6 75 B AN B oy ik B 48 i
K FAE R

(3) K242 W g B He 1L B HH (14 48 1<) 5 0 = 5
JE 53 S 0 Ak A8 B A Y o A O, AT BB U-Nb—
Ta—REE (441 71 .

it RESEALTHLETRET H I,
B R T W R RGOS RN R FASE ReReE

THEE I,
References

Bai D M, Liu G H. 1996. Discussion on the comprehensive
geophysical-geochemical prospecting model of the Haobugao
Pb—Zn—Cu—Sn deposit[J]. Nonferrous Metals Mineral Exploration,
(6): 42—48(in Chinese with English abstract).

Blundy J D, Shimizu N. 1991. Trace element evidence for plagioclase
recycling in calc—alkaline magmas[J]. Earth and Planetary Science
Letters, 102(2): 178—197.

Chen Y, Han Y, Xu B, et al. 2021. Geochemical characteristics and
genesis of red fluorite from the Huanggangliang Fe—Sn deposit in Inner
Mongolia[J]. Acta Petrologica Sinica, 37(12): 3869-3879(in Chinese


https://doi.org/10.1016/0012-821X(91)90007-5
https://doi.org/10.1016/0012-821X(91)90007-5
https://doi.org/10.18654/1000-0569/2021.12.15

1128 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

with English abstract).

Clemens J D. 1997. Petrogenesis and experimental petrology of granitic
rocks[J]. Mineralogical Magazine, 61(1): 149—-150.

Ewart A, Griffin W L. 1994. Application of proton—microprobe data to
trace—element partitioning in volcanic rocks[J]. Chemical Geology,
117(1): 251-284.

Frost B R, Barnes C G, Collins W J, et al. 2001. A geochemical
classification for granitic rocks[J]. Journal of Petrology, 42(11):
2033-2048.

Gu Y C, Chen R Y, DuJ Y, et al. 2025. Petrogenesis and tectonic
implications of the Early Cretaceous syenogranite in Huanggangliang
area, southern Great Hinggan Range: Evidence from zircon U-Pb ages,
petrogeochemistry and Sr—Nd—Pb isotopes[J]. Geological Bulletin of
China, 44(1): 91-116.

Hou K J, Li Y H, Tian Y R. 2009. In—situ Zircon U-Pb Dating by
LA-MC-ICP-MS[J]. Mineral Deposits, 28(4): 481-492(in Chinese
with English abstract).

Hua R M, Zhang W L, Gu S Y, et al. 2007. Comparison between REE
granite and W - Sn granite in the Nanling region, South China, and
their  mineralizations[J].  Acta 23(10):
2321-2328(in Chinese with English abstract).

Huang S Q, Lin D F, Yan R X, et al. 1986. The Dajing Sn—Ag—Cu
Deposit and Its Genesis[J]. Geology and Exploration, (6): 28—32(in
Chinese with English abstract).

Irber W. 1999. The lanthanide tetrad effect and its correlation with K/Rb,
EwEu", Sr/Eu, Y/Ho, and Zi/Hf of evolving peraluminous granite
suites [J]. Geochimica et Cosmochimica Acta, 63(3): 489—-508.

Janousek V, Finger F, Roberts M, et al. 2004. Deciphering the

Petrologica  Sinica,

petrogenesis of deeply buried granites: whole—rock geochemical
constraints on the origin of largely undepleted felsic granulites from the
Moldanubian Zone of the Bohemian Massif[J]. Earth and
Environmental Science Transactions of the Royal Society of
Edinburgh, 95: 141-159.

JiGY, Jiang S H, Zhang L S, et al. 2021a. Petrogenetic and metallogenic
significance of the Alubaoge Mountain pluton in the Maodeng mining
area, Southern Da Hinggan Mountains: Mineralogical evidence from
zircon, hornblende and biotite [J]. Mineral Deposits, 40(3): 449-474(in
Chinese with English abstract).

Ji G Y, Jiang S H, Li G F, et al. 2021b. Magmatic constraints on
mineralization of the Maodeng Sn—Cu Deposit in Southern Da Hinggan
Mountains: Geochronological, geochemical and Sr—Nd—Pb isotopic
evidence [J]. Geotectonica et Metallogenia, 45(4): 681—704(in Chinese
with English abstract).

Ji G Y, Jiang S H, Zhang L S, et al. 2022. Petrogenetic age and
geochemical characteristics of highly fractionated alkali—feldspar
granite in Maodeng, Southern Da Hinggan Mountains[J]. Acta
Petrologica Sinica, 38(3): 855—882(in Chinese with English abstract).

Jiang S H, Liang Q L, Liu Y F, et al. 2012. Zircon U-Pb ages of the
magmatic rocks occurring in and around the Daingeo Cu-Ag-Sn
polymetallic deposit of Inner Mongolia and constrains to the ore-
forming age[J]. Acta Petrologica Sinica, 28(2): 495—513(in Chinese
with English abstract).

Jiang S H, Zhang L L, Liu Y F, et al. 2018. Metallogeny of Xing—-Meng

Orogenic Belt and some related problems[J]. Mineral Deposits, 37(4):
671711 (in Chinese with English abstract).

King P L, White A J, Chappell B W, et al. 1997. Characterization and
origin of aluminous A-—type granites from the Lachlan Fold Belt,
Southeastern Australia[J]. Journal of Petrology, 38(3): 371-391.

King P L, Chappell B W, Allen C M, et al. 2001. Are A—type granites the
high—temperature felsic granites? Evidence from fractionated granites
of the Wangrah Suite[J]. Australian Journal of Earth Sciences, 48(4):
501-514.

Li CH, WuY Q, Wang S C, et al. 2018. Metallogenic conditions and
prospect prediction of volcanic—type uranium deposits in the
central—southern Da Hinggan Mountains [J]. Uranium Geology, 34(6):
329-336(in Chinese with English abstract).

Li H, Wu J H, Sun W B, et al. 2023. Research Progress and Prospect of
Cu—Sn Composite Mineralization[J]. Acta Geologica Sinica (English
Edition), 97(1): 262—279(in Chinese with English abstract).

Li J, Huang X L. 2013. Magmatic Evolution and Ta—Nb Enrichment
Mechanism of the Yashan Granite in Jiangxi Province[J]. Acta
Petrologica Sinica, 29(12): 4311-4322(in Chinese with English
abstract).

Li J Y, Zhang J, Yang T N, et al. 2009. Crustal tectonic division and
evolution of the Southern North Asia Orogenic Belt and adjacent
areas[J]. Journal of Jilin University (Earth Science Edition), 39(4):
584-605(in Chinese with English abstract).

Liang X J, Qiao L. 1991. Experimental study on metasomatite and iron
ore in volcanic rocks[J]. Acta Petrologica et Mineralogica, (4):
300—314,385(in Chinese with English abstract).

Liu Y F, Fan Z Y, Jiang H C, et al. 2014. Porphyry—hydrothermal
vein—type metallogenic system in the Weilasituo—Bairendaba area,
Inner Mongolia[J]. Acta Geologica Sinica (English Edition), 88(12):
2373-2385(in Chinese with English abstract).

Liu Y F, Jiang SH, Bagas L. 2016. The genesis of metal zonation in the
Weilasituo and Bairendaba Ag—Zn-Pb—Cu—(Sn—W) deposits in the
shallow part of a porphyry Sn—W-Rb system, Inner Mongolia,
China[J]. Ore Geology Reviews, 75: 150-173.

Liu Y J, Zhang X Z, Jin W, et al. 2010. Late Paleozoic regional tectonic
evolution in Northeast China[J]. Geology in China, 37(4): 943-951(in
Chinese with English abstract).

Liu Y Q. 1996a. Geology and genesis of the Maodeng Sn—Cu deposit in
Inner Mongolia[J]. Mineral Deposits, (2): 133—143(in Chinese with
English abstract).

Liu Y Q. 1996b. Metallogenic zoning and genetic discussion of the
Maodeng Sn—Cu deposit[J]. Mineral Deposits, (4): 31-42(in Chinese
with English abstract).

LiuY S, Hu Z C, Gao S, et al. 2008. In situ analysis of major and trace
elements of anhydrous minerals by LA-ICP-MS without applying an
internal standard[J]. Chemical Geology, 257(1/2): 34-43.

Long X Y, Chen Z Q, Liu Z J, et al. 2021. Comparative analysis of
metallogenic characteristics between the 414 and Songshugang Ta—Nb
deposits in Yashan, Jiangxi[J]. Journal of East China University of
Technology (Natural Science Edition), 44(3): 239—248(in Chinese with
English abstract).

Loiselle M C, Wones D R. 1979. Characteristics and origin of anorogenic


https://doi.org/10.1093/petrology/42.11.2033
https://doi.org/10.18654/1000-0569/2022.03.15
https://doi.org/10.18654/1000-0569/2022.03.15
https://doi.org/10.1093/petroj/38.3.371
https://doi.org/10.1046/j.1440-0952.2001.00881.x

FaakE oM

SRIREAT: KOS T BERY A TR B IR L R A RIS | e Bk Al 1129

granites [J]. Geol Soc Am Abstr With Progr, 11: 468.

Lyu GY, Fu G Q, Li Y X, et al. 2025. Geological characteristics and
prospecting prospects of mineralization in the Houbuhe-Machang area
of the southern section of the DaHingganLing[J]. World Nonferrous
Metals, (2): 56—58(in Chinese with English abstract).

Ma X H, Chen B. 2009. Geological characteristics, geochemistry of
ore—bearing porphyry and zircon Hf isotopes of the Aolunhua Mo
deposit in Inner Mongolia[J]. Acta Mineralogica Sinica, 29(S1):
19-20(in Chinese with English abstract).

Mao J W, Zhou Z H, Wu G, et al. 2013. Metallogenic regularity and
metallogenic series of deposits in Inner Mongolia and adjacent
areas[J]. Mineral Deposits, 32(4): 716-730(in Chinese with English
abstract).

Mei W, Li X B, Cao X F, et al. 2015. Ore genesis and hydrothermal
evolution of the Huanggang skarn iron-tin polymetallic deposit,
southern Great Xing'an Range: Evidence from fluid inclusions and
isotope analyses[J]. Ore Geology Reviews, 64: 239-252.

Nie FJ, Wen Y W, Zhao Y Y, et al. 2007. Geological characteristics and
prospecting  direction of the Baiyinchagan Ag—polymetallic
mineralization area in Inner Mongolia[J]. Mineral Deposits, (2):
213—220(in Chinese with English abstract).

Papu D, Maniar P M, Piccoli P. 1989. Tectonic discrimination of
granitoids[J]. Geological Society of America Bulletin, 101: 635-643.
Peccerillo A, Taylor S R. 1976. Geochemistry of eocene calc—alkaline
volcanic rocks from the Kastamonu area, Northern Turkey[J].

Contributions to Mineralogy and Petrology, 58(1): 63—81.

Pan L J, Sun E S. 1992. Geological characteristics of the Jiawula
Ag—Pb—Zn deposit in Inner Mongolia[J]. Mineral Deposits, (1):
45-53(in Chinese with English abstract).

Pfander J A, Miinker C, Stracke A, et al. 2007. Nb/Ta and Zr/Hf in ocean
island basalts—Implications for crust—mantle differentiation and the
fate of Niobium[J]. Earth and Planetary Science Letters, 254(1):
158-172.

Stepanov A S, Mavrogenes J A, Meffre S, et al. 2014. The key role of
mica during igneous concentration of tantalum[J]. Contributions to
Mineralogy and Petrology, 167(6): 1-8.

Shao J A, Mu B L, Zhu H Z, et al. 2010. Deep sources and settings of
Mesozoic metallogenic materials in the central-southern Da Hinggan
Mountains[J]. Acta Petrologica Sinica, 26(3): 649—656(in Chinese
with English abstract).

She H Q, Li H H, Li J W, et al. 2009. Metallogenic regularity and
prospecting direction of Cu—Pb—Zn—Au—Ag polymetallic deposits in
the central-northern Da Hinggan Mountains, Inner Mongolia[J]. Acta
Geologica Sinica (English Edition), 83(10): 1456—1472(in Chinese
with English abstract).

Sun S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and processes[J].
Geological Society, London, Special Publications, 42(1): 313—345.

Tian L. 2024. Early Cretaceous magmatism and its constraints on rare and
rare earth metal mineralization in Kunduleng-Xizhelimu area, Southern
Great Xing’an Range[D]. Doctoral Dissertation of Jilin University:
111-119 (in Chinese with English abstract).

Tiepolo M, Vannucci R, Oberti R, et al. 2000. Nb and Ta incorporation

and fractionation in titanian pargasite and kaersutite: crystal-chemical
constraints and implications for natural systems[J]. Earth and
Planetary Science Letters, 176(2): 185-201.

Wang C M, Zhang S T, Deng J, et al. 2007. Sedex origin of stratiform
skarn in the Huanggangliang Sn—Fe—polymetallic deposit, Inner
Mongolia[J]. Acta Petrologica et Mineralogica, (5): 409—-417(in
Chinese with English abstract).

Wang JF,LiYJ,LiHY, etal. 2017. LA-ICP-MS zircon U—Pb age and
geological significance of Early Cretaceous A—type granite in Nuhete,
Xiwugi, Inner Mongolia[J]. Geological Bulletin of China, 36(8):
1343—1358(in Chinese with English abstract).

Wang J F, Li Y J, Li H Y, et al. 2018a. Formation age of Early
Cretaceous A—type granite in Deleha, Xiwuqi, Inner Mongolia:
Evidence from zircon U-Pb dating[J]. Geology in China, 45(1):
197-198(in Chinese with English abstract).

Wang JF,Li Y J, Li HY, et al. 2018b. Zircon U—-Pb age and tectonic
setting of Late Jurassic—Early Cretaceous A-—type granite in
Shijiangshan, Xiwuqi, Inner Mongolia[J]. Geological Bulletin of
China, 37(Z1): 382—396(in Chinese with English abstract).

Wang L J, Wang J B, Wang Y W, et al. 2001. Fluid—melt inclusions in
fluorite from the Huanggangliang skarn—type Fe—Sn deposit and their
implications for genesis[J]. Acta Geologica Sinica (English Edition),
(2): 287(in Chinese with English abstract).

Wang L J, Wang J B, Wang Y W, et al. 2002. Rare earth element
geochemistry of the Huanggangliang skarn—type Fe—Sn deposit, Inner
Mongolia[J]. Acta Petrologica Sinica, (4): 575-584(in Chinese with
English abstract).

Wang X L, Liu J J, Zhai D G, et al. 2014. Isotope geochemical
characteristics and source of metallogenic materials of the
Bianjiadayuan Ag—polymetallic deposit, Linxi, Inner MongolialJ].
Geology in China, 41(4): 1288—1303(in Chinese with English abstract).

Watson E B, Harrison T M. 1983. Zircon saturation revisited: temperature
and composition effects in a variety of crustal magma types[J]. Earth
and Planetary Science Letters, 64(2): 295-304.

Whalen J B, Currie K L, Chappell B W. 1987. A—type granites:
geochemical characteristics, discrimination and petrogenesis[J].
Contributions to Mineralogy and Petrology, 95(4): 407—419.

Wu F Y, Jahn B M, Wilde S A, et al. 2003. Highly fractionated I-type
granites in NE China (I): Geochronology and petrogenesis[J]. Lithos,
66(3/4): 241-273.

Wu F Y, Li X H, Yang J H, et al. 2007. Some issues in granite genetic
research[J]. Acta Petrologica Sinica, 23(6): 1217-1238(in Chinese
with English abstract).

WuFY,LiuXC,JiWQ, et al. 2017. Identification and study of highly
fractionated granites[J]. Science China Earth Sciences, 60(7):
1129-1149(in Chinese with English abstract).

Wu G, Liu R L, Chen G Z, et al. 2021. Metallogenesis of the Weilasituo
rare metal-Sn—polymetallic deposit, Inner Mongolia: Insights from
fractional crystallization of granitic magmalJ]. Acta Petrologica
Sinica, 37(3): 637—-664(in Chinese with English abstract).

Xie C B, Liu M. 2001. Geological characteristics and genetic type of the
Chaganbulagen Ag—Pb—Zn (Au) deposit[J]. Global Geology, (1):
25-29(in Chinese with English abstract).


https://doi.org/10.1130/0016-7606(1989)101<0635:TDOG>2.3.CO;2
https://doi.org/10.1007/BF00384745
https://doi.org/10.1016/S0012-821X(00)00004-2
https://doi.org/10.1016/S0012-821X(00)00004-2
https://doi.org/10.1016/0012-821X(83)90211-X
https://doi.org/10.1016/0012-821X(83)90211-X
https://doi.org/10.1007/BF00402202
https://doi.org/10.18654/1000-0569/2021.03.01
https://doi.org/10.18654/1000-0569/2021.03.01

1130 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

Xu B, Chen B. 1997. Structure and evolution of the Middle Paleozoic
Orogenic Belt between the North China and Siberian Plates in Northern
Inner Mongolia[J]. Science in China Series D: Earth Sciences, 40(3):
227-232(in Chinese with English abstract).

Xu B, Zhao P, Bao Q Z, et al. 2014. Preliminary division of
Pre—Mesozoic tectonic units in the Xingmeng Orogenic Belt[J]. Acta
Petrologica Sinica, 30(7): 1841-1857(in Chinese with English
abstract).

Xu Q, Tang G, Zou T, et al. 2020. Metallogenic system and target
prediction of the Haobugao Sn—polymetallic ore field in Balinzuoqi,
Southern Da Hinggan Mountains [J]. Geology and Exploration, 56(2):
265-276(in Chinese with English abstract).

Xu W L, Sun C Y, Tang J, et al. 2019. The basement properties and
tectonic evolutionary process of the Xingmeng Orogenic Belt[J]. Earth
Science, 44(5): 1620—1646(in Chinese with English abstract).

Yang CL, Yang S S, Zhu X Y, et al. 2019. Geological characteristics and
genetic type of the Mogutu Fe—Sn deposit, Inner Mongolia[J]. Mineral
Exploration, 10(3): 467—480(in Chinese with English abstract).

Yang J H, Peng J T, Zhao J H, et al. 2012. Petrogenesis of the Xihuashan
Granite in Southern Jiangxi Province, South China: Constraints from
Zircon U-Pb Geochronology, Geochemistry and Nd Isotopes [J]. Acta
Geologica Sinica (English Edition), 86(1): 131-152.

Yang Q D, Guo L, Wang T, et al. 2014. Ages, petrogenesis, provenance
and tectonic settings of two phases of Late Mesozoic granites in the
Ganzhuer Temple area, Central-Southern Da Hinggan Mountains [J].
Acta Petrologica Sinica, 30(7): 1961—1981(in Chinese with English
abstract).

Yang W B, Su W C, Liao S P, et al. 2011. Melt and melt—fluid inclusions
in the Baerzhe alkaline granite: Insights into magma—hydrothermal
transition[J]. Acta Petrologica Sinica, 27(5): 1493—1499(in Chinese
with English abstract).

Yang Z L, QiuJ S, Xing G F, et al. 2014. Petrogenesis and evolution of
the Yashan granite pluton in Yichun, Jiangxi, and their constraints on
mineralization[J]. Acta Geologica Sinica (English Edition), 88(5):
850—868(in Chinese with English abstract).

Yang Z L, Zou T, Zhu X Y, et al. 2021. Chronology and geochemistry of
Mogutu granite in Inner Mongolia and its effect of crustal extension
and thinning [J]. Geology in China, 48(1): 247-263 (in Chinese with
English abstract).

Yao L, Lyu Z C, Ye T Z, et al. 2017. Zircon U-Pb ages, geochemistry
and Nd-Hf isotopes of quartz porphyry from the Baiyinchagan
Sn—polymetallic deposit, Southern Da Hinggan Mountains, Inner
Mongolia, and their geological significance[J]. Acta Petrologica
Sinica, 33(10): 3183—-3199(in Chinese with English abstract).

Ye J, Liu J] M, Zhang A L, et al. 2002. Petrological evidence for sedex
mineralization: Examples from the Huanggang and Dajing deposits in
Southern Da Hinggan Mountains[J]. Acta Petrologica Sinica, (4):
585-592, 609—-610(in Chinese with English abstract).

Yu B, Wang C D, Yu H L, et al. 2022. Application of comprehensive
geophysical survey to uranium prospecting in the Chaomifang area,
Southern Da Hinggan Mountains[J]. Geology and Exploration, 58(5):
1070—1081(in Chinese with English abstract).

Zhai D G, Liu J J, Zhang H Y, et al. 2014. S—Pb isotopic geochemistry,

U-Pb and Re-Os geochronology of the Huanggangliang Fe—Sn
deposit, Inner Mongolia, NE China[J]. Ore Geology Reviews, 59:
109-122.

Zhai D G, Liu J J, Zhang H Y, et al. 2018. A magmatic-hydrothermal
origin for Ag-Pb-Zn vein formation at the Bianjiadayuan deposit, inner
Mongolia, NE China: Evidences from fluid inclusion, stable (C-H-O)
and noble gas isotope studies[J]. Ore Geology Reviews, 101: 1-16.

Zhang D H, Wei J H, Fu L B, et al. 2013. Formation of the Jurassic
Changboshan-Xienigishan highly fractionated I - type granites,
northeastern China: Implication for the partial melting of juvenile crust
induced by asthenospheric mantle upwelling[J]. Geological Journal,
50(2): 122-138.

Zhang D Q, Lei Y F, Luo T Y, et al. 1992. Mineralization Zoning and
ore—fluid flow direction of the Baiyinnuoer Pb—Zn deposit[J]. Mineral
Deposits, (3): 203—212(in Chinese with English abstract).

Zheng F S, Cai H J, Zhang Z F. 2006. Discovery and prospecting
significance of the super—large Bairendaba—Weilastuo Ag—Pb—Zn
deposit, Inner Mongolia[J].
Exploration, 30(1): 13—20,25(in Chinese with English abstract).

ZhouZ H, Lyu L S, Feng J R, et al. 2010. Molybdenite Re—Os ages of the

Geophysical and  Geochemical

Huanggang skarn—type Sn—Fe deposit, Inner Mongolia, and their
geological significance[J]. Acta Petrologica Sinica, 26(3): 667-679(in
Chinese with English abstract).

Zhou Z H, Mao J W, Peter L. 2012. Geochronology and isotopic
geochemistry of the A-type granites from the Huanggang Sn—Fe
deposit, southern Great Hinggan Range, NE China: Implication for
their origin and tectonic setting[J]. Journal of Asian Earth Sciences,
49: 272-286.

Bt e 325 %5 STk

HIRB, X6, 1996. WA o S B B 0T IR 3 ) AL 25 6 FR 0 S U
W] A esET ™ 5Er, (6): 42-48.

Mgk, B, VA, 55, 2021, N5 B R T IR T 40 £ 1 bk
AC2ERRIE K SRR [I]. 24, 37(12): 3869-3879.

B, B4 S, R4, WA, 2025, KOLAETE BEEE b B b X L 1 2
T IE R b 5 B A3 5 7R 54 U—Pb 4R % | A b ER L 22 A
Sr—Nd-Pb [FIf ZUEHE [T]. #b5E R, 44(1): 91-116.

BT, RS0, R, 5. 2007, REIAHE 146 b A B b A O
A VEF BT L L. 25 A 2R, 23(10): 2321-2328.

Al %, 25 SE ], A %€ . 2009. LA-MC—ICP-MS #5 £ i X 5 fif
U-Pb EAEBA [J]. 7 PRI, 28(4): 481-492.

B, RN E, Sk, 5. 1986, KIFB-AR-HA PR L HURA [J]. #s
BT SHIE, (6): 28-32.

VLR Z:, B, R, %2012, NEEH KITH0IX KM FIA SCA 5
A1 U-Pb 4F#E B Hoxh e iR 295 (0] 50 4R, 28(2): 495-513.

VLR, SRFIHT, XUB K, %5, 2018, 245205 1L A LA K45 T REE ]
ML) B RS, 37(4): 671-711.

AR 2005. 58 R4S R B2 4 8 R i i IR 2 IS B A
5¢ [D]. H FE B K2 (L R0 B 248 S0 50-60.

ZEARVER, TR, SR IRTE, 25 20218, KOG TE BB B0 X P40k
WEA B I B X — #A AINA R SR Y s ). o
RHLIR, 40(3): 449—474.


https://doi.org/10.18654/1000-0569/2021.12.15
https://doi.org/10.3969/j.issn.0258-7106.2009.04.010

FaakE oM

SRS : KLU B Bty BV B ™ 1E i

AR A ek 1131

FARI, TR, 2RI, 25 2021b. KL LIERIBEE S Sn—Cu 1 KA
SN XTI 29 AR BRI ) Sr—Nd-Pb [H){v ZiF 4 (7],
Kk 5 2%, 45(4): 681-704.

FARYR, VLB, ST, %5, 2022, K24 2204 B BB w2 S K A6 B
AR I S HER L2 RRE (], 5244k, 38(3): 855-882.

AR AR, R, TR, %5, 2018, K424 Frig BE AL T4 i e~
St B T (3] e H 5, 34(6): 329-336.

ZEIR, S, PNICH, 2. 2023, B A ST kR S R R (7). Hb
JE2EAR, 97(1): 262-279.

25V, BN . 2013, VL VG HE LI AE 54 25 75 2K 8 A SO Ta-Nb & 4 1L
Tl (1], AR, 29(12): 4311-4322.

ZEE, sk, KT, 45, 2009, A6V L IX e A LM AT b X L 7E A8
1y X5 R v AR (3. 3 MR R 2 2 i G ER B 22 R, 39(4):
584-605.

2N, XUIEZR, 288, 25, 2016. P52l ELMAT I SAARKS 4R 2 A TR 1Y
AR M ERAE 2 | T R0 3R AR B b 5 (30, M Bk 2%,
41(12): 1995-2007.

XIF T, BB, WAL, 25, 2014, SR AERITFE- TR IR NBE A - B
WK B A 2T (1], HBR3R, 88(12): 2373-2385.

XU, 324, 488, 45, 2010. AR Xy A= AR X b s Ak ],
TR EHLRT, 37(4): 943-951.

X E R, 1996a. 52T BB R IR b BT K B (1] 57 R 5T, (2):
133-143.

X . 1996b. BB B M T HRALT 40 S H LA e (3. B A HLT,
(4): 31-42.

Jednzz, BRIEER, XIRRZE, 45, 2021, TTPGEHELL 414 A1 LA b 4H 4R 5
BT R AE T F AT 9 (0], AR AR B TR 2 2R W (H SRR ),
44(3): 239-248.

EKE, WA, ZEAGHT, 45 2025, KR4I TE BT N -1h 37 X AT
W b BAFAE B AR T 54T L. R (48, (2): 56-58.

AR, HSE. 2009. NSE IR CAEAHTT IR ML ITURAE . &0 BEA Bk
2 KA HE W ZFEE 0. 52441, 29(S1): 19-20.

BRI PR, R, AR 2013, NS KABIX T R LA S T R
HI L] 5 RIS, 32(4): 716-730.

R, IRERYE, BT, . 2007 NS IS A TARZ &80 LXK H
JRAFAE B A5 18 (7). A BRI, (2): 213-220.

WIS, PVESE. 1992, S SRR HTVERD R Hb BRRAE [T]. B PR b
J5E, (1): 45-53.

BB, A, REE, 45 2010, K424 Hreg B AR AU MR Y
RIS 8 5t (], A A2, 26(3): 649-656.

WA, ZRATLT, ZEE 30, 45, 2009. PSR 2420 b BER YR 4 4R
ZEEN IR A S 5 1m (0], HUF~AH, 83(10): 1456-1472.

FH . 2024, K 24ZE W8 A FRIPFRVS— P4 4T HUAR Hb X L (o ettt 2 304
Kkt A AR 4 BT 1 1 29 (D). 35 AR OK 2l 2 38
111-119

TR, sk, X4, . 2007, N T KRB L &R T IRIZR A
REMBIRICRRRE (1. #A 5 P2Eaeak, (5): 409-417.

F 4T, AW, AL, . 2017, N B2 T 1 0 5% FE B p S
A BIZE R E LA-ICP-MS #5417 U—Pb 4R K o e SC (0], i
R, 36(8): 13431358,

F&I5, IR, 2240, %5, 2018a. N 52 PG 5 AR A 2R 1 24
A TIE AT AR : 456 U-Pb 5@ 4ETEE [I]. b [ 5T, 45(1):
197-198.

F4T5, WA, A0, 2. 2018b. P52 P L LA IF 11 ek 2 -
B A RUAE b 25 4 A U—Pb 4F W KR 3 31 355 (9], 4 Bl 3,
37(Z1): 382-396.

TAIE, TR, TR, 55 2001, #5247 KA BT RS 4R
TR R B R B PR A R 7 A B S (0], M J5i2fe, (2): 287.

FAIE, Eaif, TR, 5. 2002, WS KPR R ARG KR +
JCE MR [T]. A A2EIR, 18(4): 575-584.

FE I, XIFKE, B, %2014, N EMPEAR KGR L4 RBT IR
[T 47 28 3t 3R A 2% R I B S 40 0 ok s A (). o [ b T, 41(4):
1288-1303.

SRARIC, 2Rk, MHERE, 5. 2007, 48R AR IFE B TR )] A
Fi2EAR, 23(6): 1217-1238.

SRTT, XU/, SO, 45, 2017, B4R A6 b A O S g (. oh
ERE: HiERBL2E, 47(7): 745-765.

R, XUEGEE, R IE, 48, 2021, WS ERIIHTR A &R 2 28
W IR BTV : R F A6 1 T8 3 45 b A S e [T 25 A i,
37(3): 637-664.

LI, XU 2001, 2 T AR RARRAEYEE (4) 17 PR M JSARAE B K 28
RILT]. A AT, (1): 25-29.

A, ok 1997. P52ty bt e 55 PG A A AR =22 8] oty AR
TR S Ak (3], R4 (D HhEkEl2), (3): 227-232.

Pefg, By, BUPC R, Z5. 2014, 24585 LA R A AU BT R A4
WL, A 2ER, 30(7): 1841-1857.

TRIG, AR, ARIE, 5. 2020, K408 Bt UM TS i B 2 4w
MR R G0 S X 0 (1], #5 - S5304K, 56(2): 265-276.

VESCR, VR, FEZS, 25, 2019. 2452 1 LA A9 3L M5 b s 5 Akt
FRII]. HhERBIE, 44(5): 1620—1646.

T, M, BB A, 45, 2019, P52 BT I Ak T PRI RS AE 2
BRZERLT]. P4, 10(3): 467-480.

Yo, AT, VLB, . 2021, IS ST i 46 ) HAEA R L Rk fk
2 55 e A JE - VR 0], ISR, 48(1): 247-263.

WAk, %, T, 5. 2014, K24Z05 Rg BEH BRIK i it X i 24T
PIHHAE b 5 AL B L il S AR 1 5 55 [T A2, 30(7):
1961-1981.

TR, TRSCHE, BEEAE, 5. 2011, BRI AL 4 A P RIS IR AN
A - M A B A A R RO T MR B [T A A R, 2705):
1493-1499.

W RE, BRKG A, TR, &5, 2014, YT 76 EL AR A LLAE i 2 A 1 P9 5 9
A B HH S BRI 24 (7] HUT2A R, 88(5): 850-868.

Wedw, BB, MR, %2017 KMBIRFEBINSE HHEE T Sn £
SR RA VI A B AT U-Pb 4EIE | HuBR 1k 24 H1 Nd—Hf [Fl47 2%
FRAIE K TR S [I]. A4, 33(10): 3183-3199.

AR, XU, k227, 45, 2002, YIRS G (LA G IR —L
KL Ve T B b AV IR 81 [T, 25 A0 %31, (4): 585592,
609-610.

ToE, THEAR, A9k, 5. 2022 A MBI EAE RS IR T BUD K 5
b DXt S e g (0] HbUT S5 B4R, 58(5): 1070-1081.

TiE S, BRAIE, BRI, 5. 1992 (I EEYEED R b o0 K
m [J]. 0 RHL, (3): 203-212.

HOBHE, SRATAE, AR AIRTR. 2006. PS5 TR IR AR 46 AR AT
BED I R TR B SCLT). R S ARER, (1): 13-20,25.

SR, B, BHAE, 55 2010, NS TR A R A RBVERTT R
" Re—Os 4F% Je H i 72 SC (0] A 2441, 26(3): 667-679.


https://doi.org/10.18654/1000-0569/2022.03.15
https://doi.org/10.3321/j.issn:0001-5717.2009.10.010
https://doi.org/10.3969/j.issn.1671-2552.2017.08.005
https://doi.org/10.3969/j.issn.1671-2552.2017.08.005
https://doi.org/10.3969/j.issn.1000-0569.2002.04.017
https://doi.org/10.3969/j.issn.1000-0569.2007.06.001
https://doi.org/10.3969/j.issn.1000-0569.2007.06.001
https://doi.org/10.3969/j.issn.1674-7801.2019.03.009

	1 区域地质背景
	2 矿区和矿床地质
	2.1 黄岗铁锡矿
	2.2 莫古吐铁锡矿

	3 样品采集与矿物学研究
	3.1 样品采集
	3.2 矿物学研究

	4 分析测试方法与结果
	4.1 LA−ICP−MS锆石U−Pb定年
	4.1.1 测试方法
	4.1.2 测试结果

	4.2 全岩主量、微量和稀土元素测试
	4.2.1 测试方法
	4.2.2 测试结果


	5 讨　论
	5.1 成岩时代
	5.2 成矿花岗岩分类
	5.3 成矿花岗岩岩浆分异探讨
	5.4 高分异花岗岩成矿远景

	6 结　论
	参考文献

