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Geological features and origin of Sumogagan Obo superlarge independent
fluorite deposit, Inner Mongolia

NIE FengJun, XU DongQin, JIANG SiHong and LIU Yan
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Abstract

The Sumogagan Obo deposit, located on the northern margin of the North China Craton, is the largest in-
dependent fluorite deposit in the world. Exploratory drilling has defined reserves in excess of 20 million tons of
CaF, with a mean grade of 78% . Fluorite mineralization occurs mainly along the contact zones between Lower
Permian carbonaceous-argillaceous slate and rhyolite of Xilimiao Group in stratiform, stratoid and lenticular
forms, but is spatially and temporally associated with the Mesozoic Yanshanian Weijing graniotid batholith. The
batholith, dated at (138 £4) Ma (Zircon SHRIMP), consists mainly of K feldspar granite in the central phase
and porphyritic granite in the marginal phase. It intruded into Lower Permian volcano-sedimentary sequences of
the Xilimiao Group along the deep-rooted fault zone on the northern margin of the North China Craton. Four

major styles of fluorite mineralization have been identified based on mineral assemblages: (D Quartz-fluorite ore:
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It is mainly distributed in the central part of the deposit, and occurs on the surface or at a depth less than 100
m. The ore consists of fluorite and quartz, with a certain amount of chlorite, calcite, sericite, opal and pyrite.
The CaF, content varies from 77% to 99% , with an average value of 95% ; @ Quartz-sulfide-fluorite ore: It is
mainly located in the southwestern part of the deposit and has a buried depth of more than 100 m. The ore com-
prises mainly fluorite, quartz and pyrite together with a certain amount of chalcopyrite, sphalerite, pyrrhotite,
arsenopyrite, cassiterite, chlorite, calcite and sericite. The CaF, content varies from 30% to 70% , with an av-
erage value of 56% ; @ Calcite-quartz-fluorite ore: It is mainly distributed in the central-southern part of the de-
posit, and has a buried depth ranging from 30 m to 100 m. The ore consists mainly of fluorite, calcite and
quartz, with a certain amount of chlorite, calcite, sericite, opal and pyrite. The CaF, content varies from 40 %
to 77% , with an average value of 55% ; @ Fluorite-quartz ore: It is mainly located in the central part of the de-
posit, and occurs on the surface. The ore is composed mainly of quartz and fluorite, with a certain amount of
chlorite, calcite, kaolinite, opal, chalcedony, and pyrite. The CaF, content varies from 40% to 85% , with an
average value of 62% . The minable part of the deposit can be traced along the strike for 2900 m, and down dip
for 600 to 800 m (up to 1200 m), ranging from 0.5 to 22 m in thickness. & **S values of the pyrite separates
from the fluorite ores range from —8.63%0 to —6.75%0, with an average of —7.52%o. All these data are plot-
ted in the range between the 8*S values of pyrite separates from the Yanshanian granitoid batholith and Early
Permian carbonaceous-argillaceous slate. eng(138 Ma) values of the fluorite ores vary from —4.61 to —4.07
with an average of —4.34. All these data are also plotted in the range between the ey (138 Ma) value fields of
the K-feldspar granite and carbonaceous-argillaceous slate. In addition, the fluorite ores have a similar epg(138
Ma) value to porphyritic granite and ancient continent. Fluorite ores are characterized by high radiogenic lead
isotopic composition similar to that of Early Permian carbonaceous-argillaceous slate and Yanshanian granitoid
batholith. These overlapping lead isotopic data of fluorite ore, slate and granite are interpreted as being indica-
tive of mixing between lead from the Yanshanian granitoid magmatism and lead from the Precambrian metamor-
phic basement and/or Permian sedimentary rocks. The combined isotope data and petrological observations indi-
cate that the metallogenic processes of the Sumogagan Obo deposit can be divided into two stages: @ Late Her-
cynian preparatory stage (also called ground preparation) and @ Middle Yanshanian main ore-forming stage.
The deposit was formed from the mixing of magmatic fluids with meteoric water. The deposit is therefore be-
lieved to be a product of Mesozoic Yanshanian granitoid magma emplacement caused by coeval re-working of
these deep-rooted faults occurring along the northern margin of the North China Craton.
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Fig. 1 Simplified geological map of the Sumogagan Obo fluorite deposit Inner Mongolia after Hong et al. 1994 and No. 102
1987

[ —Mid-Proterozoic to Neoproterozoic continental margin [[[ —Pre-

Geological Party of Inner Mongolia
North China Craton I—Paleo-Proterozoic to Archean crystalline basement
cambrian to Early Paleozoic tectono-magmatic belt of Bainaimiao-Odor Sum [V —Erenhot-Hegenshan Paleozoic tectono-magmatic belt  Siberian
Plate 'V —Late Paleozoic tectono-magmatic belt of Abag Qi-Dong Ujimgin Qi. 1—Quaternary Lower Permian volcano-seimentary rocks of Xilim-
iao Group 2—TFoliated rhyolite porphyritic rhyolite ~ 3—Carbonaceous and argillaceous slate intercalated with limestone lenticles 4—Rhyolite in-
tercalated with argillaceous slate  5—Precambrian intermediate block 6—Yanshanian porphyritic granite 7—Mafic intrusive dyke 8—Qutcrop of
14—Fluorite body

fluorite body 9—Skarn 10—Limestone 11—Suture zone of continental plates 12—Fault 13—Attitude of strata

boundary defined by systematic drilling 15—Location of the longitudinal geological section of the fluorite deposit 16—National boundaries
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Fig. 2 Simplified longitudinal geological section of the Sumogagan Obo fluorite deposit Inner Mongolia
after No. 2 Geological Party of Inner Mongolia
Lower Permian volcano-sedimentary rocks of the Xilimiao Group 1—Carbonaceous and argillaceous slate intercalated with crystalline limestone
2—Rhyolite porphyritic rhyolite =~ 3—Marble lens 4—Skarn 5—Fluorite body 6—Drilling hole and its serial number for location see Fig. 1
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Fig. 3 Spatial relationships of the major types of fluorite ores in Sumogagan Obo Inner Mongolia

1—Fine-grained massive type fluorite ore 2—Breccia type fluorite ore 3—Banded type fluorite ore 4—Sheaf fluorite ore 5— Carbonaceous

and argillaceous slate 6—Rhyolite
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1
Table 1 Sm-Nd isotopic analyses and characteristic ratios of volcano-sedimentary rocks granite and ores within the Sumogagan
Obo mineralized district Inner Mongolia

Sm ugg Nd ugg SmNd Sm "Nd '"Nd "Nd 26 exa 276 Ma eyng 138 Ma  eng 0 Ma

CGAO07 3.63 22.78 0.16 0.0965 0.5123 45 —=2.65 —4.42 -6.18
ABT04 0.09 0.71 0.13 0.0623 0.5122 45 —4.06 —6.43 -8.79
CGA12 2.27 15.9 0.14 0.0864 0.5124 46 -0.97 -2.92 —4.86
CGA25 8.8 62.33 0.14 0.0853 0.5125 45 0.67 -1.29 -3.26
CGA24 8.1 56.86 0.14 0.0861 0.5125 22 1.30 —0.65 -2.59
CGAl6 5.3 32.56 0.16 0.0981 0.5126 6 2.40 0.66 -1.07
GLS10 3.65 22.63 0.16 0.0974 0.5128 19 5.73 3.98
ABT07 2.4 17.16 0.14 0.0845 0.5126 16 0.77 -1.21
GLS09 4.57 28.31 0.16 0.0977 0.5123 4 -4.07 -5.81
GLS06 5.27 41.91 0.13 0.0760 0.5123 5 —4.61 —2.48
CGAO4 0.11 1.36 0.08 0.0480 0.5123 22 —-4.29 -6.90
ABT04-2 0.21 1.14 0.18 0.1112 0.5123 9 —4.74 —-6.24
CGA20 0.19 1.06 0.18 0.1096 0.5123 12 -5.02 -6.55
CGA21-2 0.24 1.10 0.22 0.1297 0.5123 19 -5.59 -6.77
GLS02 0.23 0.87 0.26 0.1617 0.5123 20 -6.33 -6.94
2 -

Table 2 Lead isotopic composition and relative ratios of the volcano-sedimentary rocks granite and ores within the Sumogagan
Obo mineralized district Inner Mongolia

206}, 204p}, 207py, 204p}, 208py, 204p}, Ma M
CGA07 18.596 15.540 38.371 -117 9.3
CGAI2 18.698 15.524 38.421 —237 9.3
CGALl 19.064 15.633 38.839 —222 9.7
CGA23 18.655 15.539 38.424 - 167 9.3
CGA25 18.573 15.552 38.384 -71 9.4
CGA24 18.608 15.561 38.504 -78 9.4
CGALl6 18.589 15.574 38.522 —34 9.5
CGA26 18.770 15.575 38.701 - 174 9.5
ABTO03 19.150 15.575 39.054 —478 9.4
GLS05 18.571 15.518 38.384 —149 9.2
GLS06 18.627 15.529 38.499 —168 9.3
GLS07 18.653 15.566 38.562 —102 9.4
GLS08 18.632 15.586 38.586 —40 9.5
GLS09 18.750 15.569 38.586 -172 9.4
GLS10 18.548 15.516 38.311 - 135 9.2
GLSI1 18.762 15.598 38.666 -114 9.5
ABT07 18.114 15.517 38.520 212 9.3
CGAS1 18.230 15.518 38.321 123 9.3
CGAS3 18.351 15.543 38.526 83 9.4
CGASS 18.560 15.536 38.477 -98 9.3
CGAS6 18.704 15.566 38.625 —142 9.4
CGAS7 18.452 15.487 38.643 —126 9.1
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