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Magmatism and ore-forming process of Gaxian nickel cobalt deposit,
Inner Mongolia
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Beijing 100012, China)

Abstract

The Gaxian deposit in Inner Mongolia, located in the northern part of the Da Hinggan Mountains, is a large
low-grade nickel-cobalt sulfide deposit, and its genesis is related to granitic magmatism. In this paper, zircon LA-
ICP-MS U-Pb dating of granitoids (granite porphyry, feldspar porphyry, pegmatic granite and biotite granite) on
the footwall of the mining area was carried out. The concordant age of the granite-porphyry is (125.3+1.1) Ma ~
(127.544.5) Ma, that of the quartzite porphyry is (128.1£2.2) Ma, that of the pegmatic granite is (127.94+2.3) Ma
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and that of the biotite-granite is (127.9+1.4) Ma, which suggests that the granitic magma was mainly formed in
Cretaceous period. Based on major and trace element analysis of mineralized-ultramafic rock, komatiite, mafic
rocks (diabase, basalt), felsic rocks (diorite, feldspar porphyry, plagioclase granite, granite porphyry, pegmatic
granite and biotite granite) and surrounding rock (marble), the authors revealed that mineralized-ultramafic rocks
have higher w(Si0,) (40.53%~54.96%), w(TiO,) (0.24%~0.86%), w(ALO,) (3.58%~10.47%), w(FeO) (5.30%~
8.80%), w(Ca0) (7.35%~13.66%), w(Na,0) (0.01%~0.76%), w(K,0) (0.02%~0.66%) and w(P,0;) (0.06%~
0.61%), but lower w(MgO) (17.71%~25.07%), than the komatiite. However, mafic rocks are characterized by high
w(ALO;) (16.34%~17.74%), and felsic rocks have plenty of aluminum (Al,0O,/(CaO+Na,0+K,0)=1.34~1.63). Ac-
cording to the geochemical discriminant diagrams, most rocks belong to the calc-alkaline series. Trace elements
have the enrichment of large ion lithophile elements (LILE), depletion of high field strength elements (HFSE),
whereas rare earth elements (REE) have higher concentrations of light rare earth elements (LREE) and lower con-
centrations of heavy rare earth elements (HREE). Trace elements of the ultramafic rocks lie between N-MORB and
OIB, and those of mafic and felsic rocks are between E-MORB and OIB. The mafic rocks lie in the volcanic arc ba-
salt area, but felsic rocks fall into the volcanic arc granite and syn-collisional granite area, belonging to the post-
orogeny setting, so mafic rocks’ tectonic setting should belong to subduction-collision and felsic rocks should be-
long to the post-orogeny environment. Based on the analysis of ore-forming and hydrophilic elements of these
rocks, the authors hold that the ore-bearing hydrothermal fluid was derived from the deep part of the western area
in the ore deposit. On such a basis, metallogenic model was constructed, which holds that ultramafic rocks were
emplaced in the first period, and experienced regional metamorphic deformation later, and the large-scale granitic
magmatism and hydrothermal fluid alteration mineralization occurred lastly in Yanshanian period.

Key words: geology, nickel cobalt deposit, ore-forming hydrothermal fluid, magmatism, Gaxian, Inner

Mongolia
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Fig. 1 Regional geological map of North Da Hinggan Mountains (modified after Chen et al., 2009)

1—CQuaternary gravel; 2—Cretaceous rhyolitic volcanic clastic rocks; 3—Jurassic dacite volcanic clastic rocks; 4—Devonian marine carbonate,

clastic rocks and tuff; 5—Sinian conglomerate coarse sandstone, slate and marble; 6—Paleoproterozoic granulite and amphibolite;

7—Granite porphyry; 8—Monzonitic granite; 9—Ultrafmic rocks; 10—Granodiorite; 11—Rhyolite porphyry; 12—Gabbro;

13—Basalt; 14—Gold ore spot; 15—Nickel cobalt ore spot; 16—Lead-zinc ore spot; 17—Fault; 18—Geological boundary
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Fig. 2 Geological map of the Gaxian deposit in Inner Mongolia(modified after Wang et al., 2016)

1—Quaternary gravel; 2—Sinian Jixianggou group marble; 3—Potassium feldspar granite; 4—Ultramafic rocks;

5—Diabase; 6—Albitophyre; 7—Granite porphyry; 8—Nickel mineralization; 9—Nickel orebody;

10—Lead-zinc orebody; 11—Fault; 12—Borehole position; 13—Sampling location
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Fig.3 Microscopic photographs of rock minerals and ore minerals in the Gaxian deposit

a. Olivine pyroxenite; b. Diabase; c. Granite; d. Sulfide ore
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8—Mineralization range; 9—Nickel orebody; 10—Sampling location; 11—Borehole position
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Fig. 5

CL image and U-Pb concordant age of zircons from granite porphyry (GX801-32) in the Gaxian deposit
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x2 BT RKEREHEA LA-ICP-MS U-Pb Uik SRR
Table 2 LA-ICP-MS U-Pb analytical data of zircons from felsic rocks in the Gaxian deposit
Wi Ll IR
WPH%Ph k1o XPHAFU £l Pb/APU £l Th/U 2Pb/2Pb  +lc 2Pb/U +lc 2Pb/*?*U =lo
GX801-32 L4 B2
1.1 0.0485  0.00284 0.13104 0.00752 0.0196  0.0003 0.83 124 100 125 7 125 2
2.1 0.04965 0.00184 0.13492 0.00486 0.01971 0.00025 1.35 179 60 129 4 126 2
3.1 0.04816  0.0015 0.13132 0.00397 0.01978 0.00024 0.58 107 48 125 4 126 2
4.1 0.05138 0.00344 0.13778 0.00905 0.01945 0.00032 1.41 258 121 131 8 124 2
5.1 0.05071  0.00179 0.13755 0.00471 0.01967 0.00025 0.99 228 55 131 4 126 2
6.1 0.05089  0.0019 0.13982 0.00507 0.01993 0.00026 1.45 236 59 133 5 127 2
7.1 0.05079  0.00203 0.13398 0.00521 0.01913 0.00025 0.85 231 66 128 5 122 2
8.1 0.04975 0.00118 0.13282 0.00304 0.01936 0.00022 1.14 183 32 127 3 124 1
9.1 0.05216  0.00261 0.14298 0.00699 0.01988 0.00029 0.83 292 85 136 6 127 2
10.1 0.05106 0.00245 0.13718 0.00641 0.01948 0.00028 0.82 244 81 131 6 124 2
11.1 0.05112  0.00338 0.14043 0.00909 0.01992 0.00034 0.67 246 117 133 8 127 2
12.1 0.04978  0.0025 0.13552 0.00664 0.01975 0.00029 1.16 185 86 129 6 126 2
13.1 0.04968 0.00332 0.13538 0.00887 0.01976 0.00033 0.7 180 118 129 8 126 2
GX703-33 fhARIRAE KA
1.1 0.05063  0.00153 0.13869 0.00407 0.01987 0.00024 0.65 224 45 132 4 127 2
2.1 0.04988 0.00188 0.13719 0.00503 0.01995 0.00026 ' 0.82 189 61 131 4 127 2
3.1 0.05006 0.00166 0.13562 0.00437 0.01965 0.00024  1.41 198 52 129 4 125 2
4.1 0.05038 0.00207 0.13876 0.00555 0.01997 - 0.00027 0.99 213 67 132 5 127 2
5.1 0.0471 0.0017 0.13131 0.00462 0.02022 0.00026 0.62 54 54 125 4 129 2
6.1 0.05437 0.00268 0.14848 0.00712 0.01981 0.00029 0.48 386 81 141 6 126 2
7.1 0.0515  0.00265 0.13648 0.00685 0.01922 0.00029 0.96 263 87 130 6 123 2
8.1 0.04815 0.00175 0.1271  0.0045  0.01914 0.00024 1.23 107 59 121 4 122 2
9.1 0.04976  0.00195 0.13894  0.00529 0.02025 0.00027 0.72 184 64 132 5 129 2
10.1 0.04948 0.00156 0.13672 0.00418 0.02004 0.00024 1.14 171 49 130 4 128 2
11.1 0.05132  0.00279 0.14048 0.00747 0.01985 0.0003 0.74 255 95 133 7 127 2
12.1 0.04831 0.00138 0.13104 0.00363 0.01967 0.00023 0.73 114 43 125 3 126 1
13.1 0.05106 0.00146  0.1394 0.00385 0.0198 0.00023 0.92 244 42 133 3 126 1
GX003-9 fE K BEA
1.1 0.05407 0.00233 0.14884 0.00625 0.01996 0.00028 1.2 374 69 141 6 127 2
2.1 0.04799 0.00146 0.13104 0.00387 0.0198 0.00024 2.27 99 47 125 3 126 2
3.1 0.05439 0.00179 0.14643 0.00467 0.01953 0.00025 1.47 387 49 139 4 125 2
4.1 0.05067 0.00168 0.13663 0.00439 0.01956 0.00024 0.86 226 51 130 4 125 2
5.1 0.04797 0.00317 0.13038 0.00846 0.01971 0.00032 0.81 98 114 124 8 126 2
6.1 0.05066 0.00181 0.13857 0.0048 0.01984 0.00025 1 225 57 132 4 127 2
7.1 0.04942  0.00186 0.13317 0.00489 0.01955 0.00025 0.61 168 62 127 4 125 2
8.1 0.04842  0.0034 0.12911 0.00891 0.01934 0.00032 1.47 120 123 123 8 123 2
9.1 0.0539  0.00279 0.14459 0.00731 0.01946 0.00029 1.23 367 87 137 6 124 2
10.1 0.05041 0.00245 0.13615 0.00644 0.01959 0.00028 1.69 214 83 130 6 125 2
11.1 0.04945 0.00192 0.13234 0.00501 0.01941 0.00025 0.71 169 64 126 4 124 2
12.1 0.04901 0.00217 0.13285 0.00574 0.01966 0.00027 1.01 148 75 127 5 126 2
13.1 0.05234  0.00531 0.14301 0.01428 0.01982 0.00041 0.9 300 188 136 13 127 3
14.1 0.05803  0.00246 0.15734 0.00648 0.01966 0.00028 2.27 531 65 148 6 126 2
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Continued Table 2

IR A HEIAE/Ma
WPpLUPL  tlo  2PbABU +lo 2PbABSU +lo Th/U 27PbA%Pb  +lo 27Pb2SU +lo 26Pb2BU +lo

GX003-9 {E BT
151 0.05389 0.00589 0.14475 0.01558 0.01948 0.00043 1.08 366 202 137 14 124 3
16.1  0.06203 0.00187 0.16967 0.00492 0.01984 0.00025 1.67 675 40 159 4 127 2
171 0.0465 0.00852  0.125  0.02272 0.0195 0.00052 1.32 24 287 120 21 124 3
GX003-20 KA1 BEA
1.1 0.04889 0.00208 0.13635 0.00566 0.02022 0.00028 1.05 143 71 130 5 129 2
2.1 0.04954 0.00244 0.13359 0.00643 0.01956 0.00028 1.18 173 85 127 6 125 2
3.1 0.05042  0.0018 0.14126 0.00489 0.02032 0.00026 0.83 214 56 134 4 130 2
4.1 0.0468  0.00217 0.12801 0.00579 0.01984 0.00027 0.54 39 72 122 5 127 2
51 0.05386 0.00233 0.15162 0.00639 0.02042 0.00029 0.79 365 69 143 6 130 2
6.1  0.04945 0.00194 0.136  0.0052 0.01995 0.00026 0.87 169 65 129 5 127 2
7.1 0.04792  0.00227 0.1304 0.00603 0.01974 0.00028 0.75 95 77 124 5 126 2
8.1  0.05126 0.00312 0.14181 0.00845 0.02007 0.00033 1.1 253 107 | 135 8 128 2
9.1  0.05041 0.00189 0.13835 0.00505 0.01991 0.00026 0.84 214 60 132 5 127 2
10.1  0.04807 0.00208 0.13197 0.00558 0.01991 0.00027 0.96 103 71 126 5 127 2
1.1 0.05055 0.00136 0.13707 0.00358 0.01967 0.00023 0.9 220 39 130 3 126 1
121 0.05148 0.00303 0.13835 0.00797 0.01949  0.0003 0.6 262 104 132 7 124 2
13.1  0.04967 0.00231 0.13684 0.00619 0.01998 0.00029 091 180 78 130 6 128 2
GX003-22 B A B0

1.1 0.05097 0.00204 0.13907 0.00541 0.01979 0.00027 1.3 239 64 132 5 126 2
2.1 0.05006 0.00222 0.13802 0.00597  0.02 . 0.00028 0.95 198 74 131 5 128 2
3.1 0.04853  0.0018 0.13463 0.00485 0.02012  0.00026 1.28 125 60 128 4 128 2
4.1 0.04805 0.00185 0.13115 0.00491 0.01979 0.00026 0.78 102 62 125 4 126 2
51 0.04965 0.00188 0.13711 0.00505 0.02003 0.00026 1.1 179 62 130 5 128 2
6.1  0.05098 0.00157 0.14139 0.0042 0.02011 0.00025 1.33 240 46 134 4 128 2
7.1 0.05781 0.00261 0.15721 © 0.0069 0.01972 0.00029 0.77 523 70 148 6 126 2
8.1  0.05259 0.00253 0.14007  0.00656 0.01931 0.00028 0.56 311 80 133 6 123 2
9.1  0.04831 0.00217 0.13088 0.00573 0.01965 0.00027 1.03 114 75 125 5 125 2
10.1  0.05554 0.00332° 0.15284 0.0089 0.01996 0.00034 0.84 434 99 144 8 127 2
1.1 0.04714 0.00191  0.12745 0.00504 0.01961 0.00026 1.03 56 63 122 5 125 2
121 0.0489  0.0014 0.13657 0.00379 0.02026 0.00024 0.88 143 43 130 3 129 2
13.1  0.04993 0.00155 0.14004 0.00421 0.02034 0.00025 0.6 192 47 133 4 130 2
141 0.05402 0.00317 0.1488 0.00851 0.01998 0.00033 0.57 372 99 141 8 128 2

ZEVO B R — B0, RGNS X R A 2 2P
AR A,
42 ZEHEIEHMEMHLTE
421 FEITHE

WA R SR FERITTRAIENR 3, 77X
WRBEEE A YRR R E M T, 85 BoR AR
LPLAHE, B TR IA R 5 A, 5 R 42
oML B, e AT B A BRI w(Si0,) (40.53%~

54.96%) .w(Ti0,) (0.24%~0.86%) w(Al,O,)(3.58%~
10.47%) . w(FeO) (5.30%~8.80%) . w(Ca0) (7.35%~
13.66%) . w(Na,0) (0.01%~0.76%) . w(K,0) (0.02%~
0.66%) \w(P,05)(0.06%~0.61%) , 1Mij w(MgO)(17.71%~
25.07%) A% . SET A G E T AR D
B 2 4y (w(Si0,)=49.56% , w(Ti0,)=0.42% ,
w(AL03)=6.68% , w(Fe0)=7.64% , w(Ca0)=7.14% ,
w(K,0)=0.40% ,w(P,05)=0.09%, i # B1%%5(1995 ) #H
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Fig. 6 CL image and U-Pb concordant age of zircons from granite
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Fig. 10 TAS (a) and F/M-SiO, (b) diagrams of igneous rocks in the Gaxian deposit
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Fig. 15 Ore-forming elements analytical diagram of ultramafic, mafic, felsic rocks and marble in the Gaxian deposit
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Fig. 16 Magmatic hydrothermal metallogenic model of the Gaxian deposit
a. Ultramafic rocks emplacement; b. Fractures produced from deformed ultramafic rocks;

c. Felsic rocks emplacement; d. Ore-bearing fluids intrusion
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