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Geological features and origin of Xiaodonggou porphyry molybdenum
deposit in Hexigten Banner, Inner Mongolia

NIE FengJun, ZHANG WanYi, JIANG SiHong and LIU Yan
(Institute of Mineral Resources, CAGS, Beijing 100037, China)

Abstract

Located in the easternmost part of the Early Paleozoic tectono-magmatic belt within the Ondur Sum-Ongni-
ud Banner on the northern edge of the North China Craton, the newly discovered Xiaodonggou deposit is a medi-
um-size porphyry molybdenum deposit occurring in central-eastern Inner Mongolia. During the Mesozoic Yan-
shanian orogeny, intense tectonic and igneous activities resulted in large-scale granitoid magmatism in Xiaodong-
gou and its neighboring areas. The Xiaodonggou granitoid porphyry stock was emplaced in the volcano-sedimen-
tary sequence of the Upper Permian Ranfangdi Formation, controlled by the NS-trending fault zone. With an
outcrop area of 0.22 km?, it consists mainly of porphyritic biotite granite and fine-grained biotite granite which
have the same mineral assemblage. Rock-forming minerals are mainly quartz, microcline, microperthite and pla-
gioclase associated with minor biotite and sericite. Accessory minerals comprise magnetite, apatite, zircon,
sphene and allanite. The porphyry stock is petrochemically characterized by relatively high SiO,, K,O, Rb, U
and Th, and obviously low CaO, Fe,O5 + FeO, MgO, Sr, Ba, Nb, Ta and REE, thus belonging to silicon-
high, potassium-rich rock of calc-alkaline series. Molybdenum mineralization occurs exclusively within the
Xiaodonggou porphyritic granitoid stock as veins, veinlets and disseminated blocks. Molybdenum ore consists of
pyrite, chalcopyrite, molybdenite, sphalerite, pyrrhotite, scheelite, wolframite, K-feldspar, quartz, sericite,

chlorite and epidote. As the most important economic molybdenum mineral, molybdenite occurs in the forms of
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impregnation, radioflakes, thin films, aggregated flakes and veinlets in veins. Re-Os isotopic data of six molyb-
denite separates define a correlation line corresponding to an age of (135.5+1.5) Ma. Hydrothermal alterations
in Xiaodonggou roughly show zonation of K feldspathization, greisenization, silicification, and propylitization
from the porphyritic biotite granite stock outward. Of these alterations, silicification and greisenization are well
developed and have intimate relationship with molybdenum mineralization. Fluid inclusion studies yield homoge-
neous temperatures from 260C to 480°C, with the main ore-forming stage ranging from 320C to 420C.
Gaseous inclusions are frequently coexistent with multiphase inclusions containing such daughter minerals as
halite, sylvite, molybdenite and K feldspar. Intense boiling of the ore-forming fluid resulted in the deposition of
a great volume of molybdenite under the circumstances of medium to high temperature, relatively low f(0,) and
f(S,) and weak acidity. Sulfur and oxygen isotopic data of the molybdenum ore indicate that the ore-forming
fluid was dominated by magmatic water at the early ore-forming stage and characterized by mixed solution, with
magmatic water as the major source at the main ore-forming stage. In contrast, the ore-bearing fluid was mainly
heated meteoric water. Therefore, it is conceivable that sulfur and molybdenum were mostly derived from the
magmatic source. Combined geochemical data, field geological observations and petrological evidence indicate
that the Xiaodonggou deposit is a porphyry type hypothermal-mesothermal molybdenum deposit formed by Early
Cretaceous intraplate granitoid magmatism on the northern margin of the North China Craton. In addition, the
genetic model and mineral exploration criteria of the Xiaodonggou deposit can also be used as useful tools in the
comprehensive evaluation of concealed molybdenum deposits on the northern margin of North China Craton.
Key words: geology, porphyry molybdenum deposit, geological feature, metallogeny, ore-forming fluid,
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Fig. 1 Simplified geological map of Xiaodonggou porphyry molybdenum deposit Hexigten Banner Inner Mongolia
with the insert showing its tectonic locality
1—Quaternary 2—Upper Permian volcano-sedimentary rocks of Ranfangdi Formation 3—Xiaodonggou porphyritic biotite granite stock 4—
Biotite granitoid hybrid 5—Molybdenum ore body 6—Biotite hornfels zone 7—Precambrian metamorphic block 8—Fault 9—Suture zone
10—Location of County government 11—Location of Prefecture government 12—Xaiodonggou molybdenum deposit. | —Northern China cra-

ton [ —Ondur Sum-Ongniud Banner Early Paleozoic tectono-magmatic belt [l —Siberian plate
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1
Table 1 Chemical analytical data and characteristic ratios of major trace and rare earth elements in whole-rock samples
from porphyritic biotite granitoid stock occurring in Xiaodonggou molybdenum mineralized district Inner Mongolia

1 2 3 4 5 6 7
XDG-1 XDG-4 XDG-2 XDG-3 XDG-5 BZ01 BZ02
w B %
SiO, 75.29 75.77 72.67 70.62 75.89 71.270 74.32
TiO, 0.20 0.16 0.14 0.16 0.17 0.25 0.12
ALO; 12.59 12.63 12.12 11.86 11.75 14.25 13.60
Fe,04 1.20 0.89 5.33 3.66 3.70 1.24 0.90
FeO 0.20 0.22 0.44 0.25 0.52 1.62 1.24
MnO 0.03 0.04 0.07 0.04 0.12 0.08 0.09
MgO 0.11 0.08 0.16 0.20 0.19 0.80 0.35
CaO 0.56 0.58 0.30 0.45 0.19 1.62 0.79
Na,O 3.39 3.52 0.09 2.94 0.14 3.79 3.12
K,O 5.39 5.37 4.21 4.54 4.00 4.03 4.52
P,0s 0.03 0.02 0.02 0.08 0.02 0.16 0.10
H0" 0.48 0.34 2.06 1.04 2.24 0.56 0.65
CO, 0.09 0.11 2.02 0.18 0.50
99.56 99.73 99.63 96.02 99.43 100 100
K,O+ Na,O 8.78 8.89 4.3 7.48 4.14 7.82 7.64
K,O Na,0O* 1.59 1.53 46.78 1.54 28.57 1.06 1.45
wp 1070
Rb 244 235 364 174 328 200 150@
Ba 480 431 155 432 245 830 650
Sr 75.2 80.0 3.89 66.9 6.22 300 340
Nb 14.1 12.1 11.3 9.68 10.0 20 20
Ta 1.30 1.18 1.11 0.96 1.00 3.5 2.5
Th 20.9 18.9 7.43 15.2 15.9 18 13
U 5.93 5.53 4.35 3.89 4.14 3.5 2.5
Nb Ta* 10.85 10.25 10.18 10.08 10.00 5.71 8.00
U Th* 0.28 0.29 0.39 0.26 0.26 0.19 0.19
La 13.0 14.3 38.8 25.1 89.9 31.620 29.00
Ce 24.1 25.5 59.5 46.1 132 61.92 70.0
Pr 2.60 2.70 5.14 4.94 11.11 7.60 9
Nd 9.00 8.65 14.2 16.5 31.0 25.71 37
Sm 1.37 1.22 1.44 2.17 3.10 5.03 8
Eu 0.46 0.37 0.24 0.46 0.51 1.19 1.3
Gd 1.40 1.26 1.84 2.15 3.81 3.88 8
Th 0.22 0.20 0.22 0.29 0.47 0.63 4.3
Dy 1.33 1.13 1.19 1.56 2.70 2.78 5
Ho 0.28 0.24 0.24 0.32 0.61 0.65 1.7
Er 1.01 0.87 0.84 1.11 2.28 1.50 3.3
Tm 0.16 0.14 0.13 0.17 0.36 0.27 0.27
Yb 1.29 1.10 1.04 1.37 2.65 1.36 0.33
Lu 0.22 0.18 0.17 0.22 0.42 0.23 0.8
Y 10.4 8.73 9.30 11.9 24.4 14.89 29.0
SREE 56.44 57.86 124.99 102.46 280.92 144.37 207.0
LREE HREE" 8.55 10.30 21.04 13.25 20.12 11.78 6.51
La Yb \* 6.64 8.56 24.58 12.07 22.35 15.32 57.89
SEu” 1.02 0.91 0.46 0.65 0.46 0.80 0.50
1—2— 3—4— 5— O—
1963 @— 1963 @— 1977 @—
1 1977 ©— 1989 ©— 2 1

1977 * 1
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Fig. 2 Chondrite-normalized REE patterns of representative
whole-rock samples from Xiaodonggou porphyitic granitoid
stock Hexigten Banner Inner Mongolia
1 ~2—Fresh porphyritic biotite granite 3~4—Altered porphyritic

granite 5—Greisenized porphyritic granite
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Fig. 3 Reprehensive geological section showing geometry of No. I Mo ore body in Xiaodonggou Hexigten Banner Inner Mongolia

1—Upper Permian volcano-sedimentary rocks of Ranfangdi Formation 2—Xiaodonggou porphyritic biotite granite stock 3—Molybdenum

ore body and its serial number 4—Boundary of ore body 5—Iocation of drilling hole
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Fig. 4 Nbversus Y a and Rb versus Y+ Nb b diagrams of representative whole-rock samples from Xiaodonggou porphyitic
biotite granitoid stock Hexigten Banner Inner Mongolia after Pearce et al. 1984
VAG—Volcanic-arc granite syn-COLG—Syncollision granite ' WPG—Intraplate granite ORG—Ocean-ridge granite
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