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Fig.1 Sketch map showing the distribution of the global uranium resources
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Fig.2 Sketch map showing the distribution of defined uranium
resource of the major uranium-enriched countries in the world
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Fig. 3 Sketch geological map of Sino—Mongolian border region showing the distribution of sandstone type and volcanic type
uranium deposits and related concentrated areas(modified after references[2,9,11])
1-North China craton; 2-Siberian plate; 3—Higgan—Mongolian orogenic belt; 4—Mensozoic—Cenozoic uranium—-bearing sedimentary basin; 5-Deep—
rooted faults or fault zones; 6—Sandstone type uranium depositsand its serial number; 7—Volcanic type deposit and its serial number; 8—Other major
metal deposits; 9-National capital city
Sandstone type U deposits in Chinese territory: ZS—1-Tanmusu; ZS-2-Celaomiao; ZS-3-daying; ZS-4-Nalinggou ; ZS—-5-Zaohuomhao;
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Fig.4 Simplified geological map of the Turgen-Mardai uranium mineralized area occurring on Mongolian side of the
Sino—Mongolian border region(modified after reference [2])

1-Quaternary; 2—Early Cretaceous sedimentary basin; 3—Late Jurassic

to Early Cretaceous acid —intermediate volcanics; 4—Late Jurassic to Early

Cretaceous basic—intermediate volcanics; 5S-Late Paleozoic to Early Mesozoic granite and diorite; 6—-Middle Paleozoic sandstone and slate;

7- Precambrian metamorphic and igneous rocks; 8—Faults; 9-Lignite deposits (ore spots); 10—U mineralized area; 11-U deposits (ore spots)
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Fig.6 Schematic geological map of the Choir Cretaceous U-bearing sedimentary basin including the Kharaat U deposit occurring on
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10-Uranium orebodies with high ore-grade (U more than 0.05%);11—Fault
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Fig.7 Schematic genetic model of the volcanic-type uranium deposits occurring in the Sino-Mongolian border region
The ore—-forming processes of both volcanic type and sandstone type uranium deposits and mineralized areas were genetically related to the origin
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and evolution of the ancient continental crust, exemplified by the Turgen— Maridai volcanic type uranium mineralized area: the ore— forming
processes of the uranium deposits occurring in the area consist of five stages: (1) Ore-forming materials preparation stage: Late Jurassic to Early
Cretaceous period: the intensive extension tectonic event resulted in the formation of a number of rifted basins and fault zones. As parts of the
regional tectonic activities, there occurred deposition of the volcano—sedimentary; (2) sequences of the pre—Jurassic geological units and intrusions
overlying upper Proterozoic basement. (2) Spatial preparation stage: continual and multiphase tectonic and igneous activities resulted in the
formation of a number of fault zones and mafic—-intermediate and felsic—intermediate volcanics. Pulsation and finally collapse of the magma chamber
led to the formation of caldera and dome complexes; (3) Early ore-forming stage: with the volcanic eruption, the magma might have graded from
mafic—intermediate to felsic or peralkaline. Emplacement of the viscous differentiated magma resulted in the formation of a number of volcanic
domes or complexes consisting of high K felsic volcanics and intrusive dykes and stocks along the fault zones. Meanwhile, crackle breccias zones
occurred along the rims of the volcanic domes. A lot of uranium-bearing veins and altered- fractured zones have been identified in the volcanic
complexes and intrusive dykes; (4) Main ore—forming stage: During the last phase of intrusion, a lot of magmatic hydrothermal fluids were released
from the peralkaline magma and mixed with the meteoric water. The intensive reaction of the water and wall rocks resulted in the formation of major
uranium ore bodies followed by folding, faulting and erosion; (5) Preservation stage of the uranium ore deposits: Middle to Late Cretaceous period:
the topographic depression occurred again in the Turgen—Mardai uranium mineralized area, followed by a blanket cover of the lignite— bearing
continental sediments of the Zuunbayan Formation which could prevent the ore bodies from erosion

http://geochina.cgs.gov.cn H1E ML, 2014, 41(4)



418 4l

AL RSN R AR DA PR PRI HUTCRFAE B A R bR i 1053

INASEE R LTI A5 4 AN AR TR v A AR i i
If HAEz Ka b AR UUBRY R, A RA R
AEARER A R IR0 R B iR OJ2) R T
XA R B VE A T 175 Ma, 52 3 8k i b R /K
X2 Bl TR A IR D A B 3l 5 e G O L
TE B B DR 2 AN R o 3 e LAk 1) ol R4 52 T
FRVE R AT — e 2 v 1 it O HLo e i R 2
(154 Ma) FIH P 2241 (125 Ma) ik 2] i, R
M 1 (96 Ma) FIHT HE (32 Ma) i 57 IX S [H]
PR 15 1% A3 A Bl gt R XUk VR R 2
R R HA TR FH B s 55 , 15 T R ORS 33
B S A VE G & A Bl T A R 20, A R AL
W FAE R R B ML a8 B DUTE s R 2
JE A (] 8) oAb A RYAM ™ IR B 48 FH 1 s e 3
85 Ma Ze A7 ™", B Al o o A 45 SRR I, 23008
A AR 1 72 By S A BRI T A6 LT i
PRI T3 AN Ry =X B e VR, a1 5 350 IR
(M) BRI KRN b S 3 v o et 25 k41
(), AT v 55 300 355 0 00420 7Rl RS 1) 7 1 B
Be HbFRFAE oA B R R R AR A 1 7
PSR RR BE 9 o A AT THE M2 R A ™
MLER_EAFFEA —E I Wiy, Y ™ b LA 4
PEXT DA TR R BT i 28 S Fi 2o,

(DA R AR

WA, Ao AR A S B TR B s R H s A
[] (R TR AE TR B, L et 3 TS A s I
R EBEAE N S UTRUE 2 Rk A
U A FT 2R, Wi A R AR R R R 20~40
m, HlE A (3~5) %10, FefEFaZ b A s
FREBIN 3 1~1: 1, BTN ERMIES Z R
FAELFESE Y, L, R A SR I A R T
AR A TR BN , R AL —A JEAE ) &R R S8
P A DT TEHER

(2)F I e 2k

K FE 4 SRR, HoB A AR UURR b P9 T
A 1) SR A8 AR FH A R 2 4 0 1) U0 0 A
U IR A 25 i R 14 . Ak —i8 2R
B (A5 Ak 32 BAREAE 2 45 1 - D& 4 b 5 )2
Oy AR — 5 B B SR 4 43, 9 A BILITE (B
B AL T R AR S AR, o AR A R 0.5% ~
1.5% W JPEL 7 A7 AE S 6 Al AR 1E ok IE 4 44k
WA e 45 . QiR S R Akal I AETE,
— M OLT A B AT R (M) AR 5 1 il 2 1Y)
AT AR JF A B I 25 4 fi e R o FEIRAE
RS 2 A — i P, P A Ak Sy
KOLLTIE & T % ) A AR S AT LR 2 Y J2 ) 4R

P8 SLIERD R AR A A

Fig.8 Simplified genetic model of the sandstone—type uranium deposits occurring within the Sino—Mongolian border region
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Geological setting, features, origin and exploration criteria of uranium deposits
occurring within the China—Mongolia border region and its neighboring areas

NIE Feng—Jun', LI Qiang-Feng"?, WANG Jia—Xin"’, JIANG Zhe",
ZHANG Xiao-kang", WU Ke-rui'‘, DING Cheng-wu', CAO Yi'

(1. Institute of Mineral Resources, CAGS, Beijing 100037, Beijing 100037, China; 2. Shijiazhuang University of Economics,
Shijiazhuang 050031, Hebei. China; 3. China University of Geosciences, Beijing 100083, China; 4. University of Science and
Technology Beijing, Beijing 100083, China)

Abstract: The Sino—Mongolia border region and its neighboring areas are located at the convergence zone of the
Siberian platform, Tarim plate and North China craton, and is one of the most important uranium metallogenic
provinces in the world. Deep—seated faults, pre— Jurassic metamorphic terrane and various types of uranium
deposits (mineralized areas) are well developed in the region due to the multiphase tectonic—magmatic events.
These uranium deposits can be classified into six types in term of their host rocks, geometry and ore—forming
processes: (1) volcanic type; (2) sandstone type; (3) vein type; (4) lignite type; (5) metasomatitic type; (6)
phosphorite type, among which the first two types of uranium deposits bear the most important economic
significance.

Regional metallogenic studies show that most of the uranium deposits (or mineralized areas) occurring
within the Sino—Mongolian border region are closely spatially associated with pre—Jurassic metamorphic terrane
consisting of two parts: (1) Precambrian high— grade metamorphic rocks; (2) Paleozoic lightly metamorphic
rocks. Since uranium is a lithophile element, it is more easily enriched in the acidic sialic section of the crust
during the differentiation of mantle matter. Because these old formations had already been enriched in uranium
through the long geological evolution, they might have provided the precondition for economic enrichment of
uranium in the Phanerozoic tectonic movements when downfaulted or downwarped continental basins occurred
with terrestrial dominated sediments. Where the uranium—enriched geological bodies existing in one region are
eroded, all of them can serve as the source for the sandstone—type deposits. The early tectonic event occurring
around 176 to 125Ma provided suitable conditions for the oxidization of the groundwater table and the formation
of low- grade uranium mineralization area. In the Phanerozoic tectonic— activated regions, the economic
enrichment of uranium usually occurred in intensive rejuvenated places of the pre—Jurassic metamorphic terrane.
The gradual enrichment of uranium in the sialic crust is mainly achieved through two differential processes:
granitization and sedimentary differentiation. However, this combined process is very slow and takes a long time.
The ore—forming processes of volcanic type uranium deposits may be an integrated part of the uranium-bearing
granitization.

For the volcanic type uranium deposits occurring in the easternmost segment of the Sino—Mongolian border,
they were formed during the time of tectonic extension when a number of troughs that were filled with high K-
felsic vocanics were formed within the Central Mongol- Argun terrain. Several large—sized Pb—Zn—- Ag-U

deposits have been identified in the felsic volcanic complexes. Both uranium and fractionated peralkaline magma
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were produced by the intensive rejuvenation of the pre—Jurassic metamorphic terrane. The formation processes of
the sandstone type uranium deposits might have been genetically related to Late Jurassic to Early Cretaceous
igneous activities. Geochronological studies (U-Pb isotopes on uranium ores) demonstrate that the uranium ores
formed around 153 to 136 Ma. That time of the uranium ore formation coincides with the formation age of
andesitic basalt and rhyolite of the Dornod Formation. Late Jurassic to Early Cretaceous ages are practically
equivalent to the formation time of uranium deposits in the Streltsosk caldera in Russia (136—134 Ma). The high
K rhyolite is clearly enriched in uranium (about 30 10™°), making it the probable uranium source. The high U
content of the melt inclusions (U, 14 %10 °-25x10"°) from the rhyolite provides the further evidence for the
hypothesis mentioned above. The Early formed uranium mineralized zones were intensively overprinted by the
hydrothermal events associated with the emplacement of the high K-felsic magma. Widespread pyrite, galena,
sphalerite and marcasite suggest formation from metastable sulfur species, which are powerful reductants. Most
of the sandstone type uranium deposits occur in the Meso—Cenozoic rift basins filled with various sediments. The
uranium-bearing layers formed by amalgamation of braided channels deposited in a fluvial, terrestrial delta and
offshore environment. All these sandstone uranium deposits were formed at the last stage of phaneroic tectonic
movement when downfaulted or downwarped continental basins occurred with terrestrial dominated sediments.
The Early tectonic event (176—156 Ma) provided suitable condition for the paleo—phreatic oxidation and led to
the formation of low— grade uranium mineralized zones. During the period of Late Cretaceous (96 Ma) to
Oligocene (35 Ma), the uplifting erosion and sedimentation resulted in suitable condition for the inter— layers
oxidation and led to the formation of major sandstone type uranium deposits.

Geological and geochemical features of both volcanic type uranium deposit and sandstone type uranium
deposit have attracted much attention among geologists both in China and abroad. The integrated analyseis of the
geological setting, geological and geochemical features of these deposits and their related wall rocks will greatly
upgrade the understanding of the ore-forming processes of the uranium deposits. Meanwhile, the genetic model
and mineral exploration criteria of these uranium deposits can also be used during the comprehensive evaluation
of the concealed uranium deposits in the China—Mongolia border region and its neighboring areas.

Key words: volcanic type uranium deposit; sandstone type uranium deposit; rejuvenation; Pre— Jurassic

metamorphic terrane; spatial-temporal distribution; China—Mongolia border region
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