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Abstract:This paper is the result of mineral exploration engineering.

[Objective] The Hadatu uranium deposit is a giant uranium deposit that occurs in the upper part of the early Cretaceous Saihan
Formation in the Erlian Basin. Unlike traditional sandstone—type uranium deposits, the Hadatu uranium orebody exhibits stratiform
and tabular shape, and the ore—controlling grey sandstone body is surrounded by red mottled oxidized sandstone. It is difficult to
explain the genesis of the Hadatu uranium deposit with the traditional infiltration (phreatic and interlayer oxidization— reduction)
metallogenic theory of sandstone—type uranium deposits. Therefore, identification of the ore genesis and ore—controlling factors of
the Hadatu uranium deposit becomes very significant to the innovations of metallogenic theory for sandstone—type uranium deposits
and to uranium prospecting in red mottled sandstone. [Methods] Both fieldwork and lab analysis were conducted, and macro— and
micro—observations were made. Adopted methods include field observations, regional geology, tectonics, sedimentology, petrology,
mineralogy, geochemistry (i.e. element, organic and isotopic analysis), seismic interpretation and uranium metallogenic studies,
etc. [Results] The signatures of the orebody, ore—controlling grey sandstone body and the metallogenic characteristics of the Hadatu
uranium deposit are clarified. It is evidenced that the upper part of the red mottled Saihan Formation, Erlian Formation and the Irdin
Manha Formation are of the primary oxidization origin, whereas the ore—controlling grey sandstone body in the ore—bearing Saihan
Formation is of epigenetic origin, resulted from secondary reduction through deep—seated reducing fluids that are mainly controlled
by the fault structures and pertinent river channels or unconformities. Based on the analysis of the ore— forming uranium source,
fluids deriving from the depth and their transportation and precipitation of the uranium, this paper demonstrates a new exudative
uranium metallogeny. The authors propose that Hadatu sandstone—type uranium deposit occurs predominantly by exudative uranium
metallogeny and correspondingly establishes the exudative uranium metallogenic model. [Conclusions] The exudative uranium
metallogeny, as a new kind of uranium metallogeny in red mottled sandstone—type uranium deposits, has been established. The new
methods to identify uranium mineralization in red mottled sandstone have been concluded, i.e. “combining the information of the
upper red and lower black sedimentary formation, connecting pathways of the upper red formation with lower black one, finding
grey sandstone body in red mottled formation and uranium in the grey sandstone body”. The perspective of sandstone—type uranium
deposits in red mottled sedimentary formation has been pointed out and new prospecting area from margins to the center of the basin

and from near surface to deeper strata have been expanded.

Key words: Inner Mongolia Erlian Basin; Hadatu; sandstone—type uranium deposit; exudative uranium metallogeny; metallogenic
model; Red mottled sedimentary formation; mineral exploration engineering

Highlights: Illustrated that the ore—controlling grey sandstone body is of epigenetic origin, resulted from secondary reduction of
deep—seated reducing fluids. The authors also propose a new exudative uranium metallogeny in red mottled sandstone and establishes the
exudative uranium metallogenic model for Hadatu uranium deposit. Furthermore, the new exploration and evaluation methods to
identify uranium mineralization in red mottled red sandstone have been concluded.
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Table 1 Vertical lithologic zonation characteristics of the Hadatu deposit
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the Hadatu deposit.
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Fig 10. Photographs of mottled—red layer of the upper member of Saihan Formation in Hadatu deposit
a—Red mudstone at the top of Saihan Formation; b—Light red medium—grained sandstone in the third part of upper member of Saihan Formation;
c—Red mudstone in the first and second part of upper member of Saihan Formation; d—Purplish—red mud—bearing calcareous fine sandstone (uranium ore)
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Table 2 Cumulative thickness of the red mudstones of the

upper member of Saihan Formation in the Hadatu deposit
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HAAL PN 30.15 27.70 94.52
R/ ME 0.20 1.30 4.10
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Fig. 11 Thickness contour map of red mudstone of ore—bearing layer in the upper member of Saihan Formation in study area
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Fig.12 Photomicrograph of red sandstone in the upper member of Saihan Formation in study area
a—Hematitization;b—Limonitization
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Fig. 13 Photographs of grey and yellow sandstone ores of Hadatu deposit
a—Mottled yellow sandstone resided in gray ore; b—Yellow mudstone resided in gray ore;c—Gray sandstone distributed along the fracture irregularly;

d—Banded yellow standstone resided in gray sandstone ore
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organic matter in fracture of gray ore (polarized light)
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Table 3 mineral and geochemistry characteristics of alteration zone in the Hadatu uranium deposit
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Fig. 15 Content variation diagram of uranium and associated
elements of different ore zones in Hadatu deposit
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Table 4 Correlation matrix between geochemical parameters and uranium content of ores in Hadatu uranium deposit

TFe FeO Fe.0s Fe''/Fe* ALK S pH AFEh U
TFe 1
FeO 0.91 1
Fe,0; 0.98 0.82 1
Fe/Fe™ 0.13 -0.17 0.25 1
A WU 0.72 0.8 0.66 -0.23 1
S 0.76 0.67 0.77 -0.02 0.75 1
pH -0.52 -0.44 -0.54 -0.05 -0.6 -0.88 1
AEh 0.7 0.77 0.64 -0.27 0.88 082  -0.75 1
1§} 0.49 0.67 0.38 -0.07 0.66 052  -043 062 1
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Fig.16 Characteristics of uranium—bearing minerals and pyrite in ores from Hadatu deposit(a, b—Phosphurancalcilite and
pitchblende around pyrite; Puc—Phosphurancalcilite, Pit—pitchblende)
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Fig.17 The characteristics of pyrite in ore from the Hadatu deposit
a—BSE image showing pyrite agglomerates, and fine veins between grains; b—AMICS—SEM image showing pyrite as agglomerates and fine veins; c,
d—BSE images of pyrite showing framboids pyrite arounded by zoned ones, euhedral pyrite also shown. Black circles—framboids pyrite; Black
Lines—zoned pyrite; Qtz—Quartz; P1—Plagioclase; Py—Pyrite; Kfs—K—feldspar
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Fig. 18 EPMA elements scanning images of pyrite in ores from the Hadatu deposit
a,b—Fe, As elements scanning images of zoned pyrite with significant variation in As content from core to margin; Black holes represent LA—ICP—

MS trace elements and S isotope composition measurement pits
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Table 5 Trace elements compositions of zoned pyrite in ores
from the Hadatu deposit(10~°)

Wi ME Co Ni As Se Mo Sb Co/Ni

1 3423 63.44 16739.68 3535 283.02 80.62 0.54
2 29.77 51.32 19876.39 25.00 296.58 72.23 0.58
3 17.36 27.60 12764.65 55.45 281.78 29.69 0.63
4 3525 56.93 18434.77 0.00 303.34 5592 0.62
5 71.75 114.93 23569.42 38.42 332.68 10491 0.62
6 10.84 17.24 2226399 0.00 252.76 43.41 0.63
7 Wi 2991 48.70 21453.20 13.34 260.12 633  0.61
8 14.67 20.74 22213.23 0.00 269.12 40.62 0.71
9 14.77 20.27 22220.88 0.00 273.09 4097 0.73
10 0.84 196 19149.17 0.00 75.68 76.85 0.43
11 20.94 27.54 23819.82 5.57 311.96 4554 0.76
12 895 7.03 22380.30 13.46 22848 35.11 1.27
13 23.03 39.89 23237.46 21.90 289.05 47.83 0.58
14 31.59 45.60 23714.41 12.83 317.13 66.53  0.69
15 24.09 137.24 38533 0.00 7124 7.56 0.18
16 11.53 6059 5558 3636 294 131 0.19
17 17.81 121.60 131.26 11.81 17.28 3.25 0.15
18 2.55 13.46 215340 58.54 188.73 9.49  0.19
19 6.25 4271 2406.04 9.08 184.15 21.73 0.15
20 1423 7229 26494 1880 5821 6.28 0.20
21 30.78 143.76  902.89 0.13 14125 11.99 0.21
22 278 2276 337934 28.60 19540 11.02 0.12
23 353 2791 28950 1524 13.17 217 0.13
24 i 3.79 2453 12225 9298 7.69 1.45  0.15
25 0.14 36.79 28487 0.00 2249 1.01 0.00
26 224 36.89 34744 0.00 4525 128 0.06
27 731 9227 187.17 2634 19.14 137 0.08
28 1.16 11.24 2664.03 0.00 184.29 562 0.10
29 0.06 720 903636 23.16 24433 6.46 0.01
30 0.58 0.00 6110.11 51.48 22097 234 ——
31 0.02 926 4612.74 2333 20090 8.66 0.00
32 1.65 13.81 233430 68.67 193.44 437 0.12
33 0.74 19.26 1043.70 43.04 139.62 3.18 0.04
34 0.00 16.09 122.54 0.00 445 043 ——
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Fig. 20 Sulfur isotope compositions of zoned pyrite in ore from the Hadatu deposit
a—Zoned pyrite; b—Pyrite 6*'S values decrease continuously from core to margin. L1, L2, L3, and L4 measurement profiles in Fig. 20a corresponding

to those in Fig. 20b, and Table 6. The circles represent measurement points
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Table 6 Sulfur isotope compositions of zoned pyrite in ores

from Hadatu deposit
i WAHS "S(v) USPS TSS

0 SV'(‘,[)T/ Yoo

L1 1 10.93174  0.0487  0.0083 24.67
L1 2 12.08678  0.04666 0.00812 -17.66
L1 3 12.74273  0.04634  0.00809 -24.15
L1 4 12.57124  0.04599 0.00806 -31.54
L2 5 11.51789 0.04776 0.00822 5.03
L2 6 12.24248  0.04694 0.00814 -11.73
L2 7 12.17998  0.0465  0.0081 -20.86
L3/L4 8 10.97545 0.04892 0.00832 29.24
L3 9 11.14651  0.0479  0.00823 8.21
L3 10 11.71352  0.04603  0.00806 -30.62
L3 11 12.24687 0.04543  0.00801 -43.11
L4 12 11.80148 0.04725 0.00817 -5.53
L4 13 79177  0.04542 0.00801 -43.24

A% T AL S b RIS Bt SOGB4 R S 7% (LA -
ICP-MS) 537 .

SO R, R R AR AR s S R R A
T, A AR T — I — I BY AR Jlh = W, 46 A 4k
Wk D, IR oA T/ 05 =1 IR 2 T (1 22,
1981),

W A 5% A A A B 13 ) 25 0 2 25 (198 1) 4
il 8 e v AR AR A ST AR AL Ay = A
R 22), 245 R0 HD27 B i &5
TA LB 12 8, BIE B3 A e B s HD46
ST R 1B, R B e~ FE IR & 7 s HD25 4
1505 5 AR J e — S IR A 7 s HD 1S 1 fTHD152 H
SATEY R M2, BIJE e - R A8, AR
HD45 .HD5 \HD1 7% T8 R B Z A1 B AT S 145
) S R L B DA A AR R RN 7 T R, R
GRS TRE S A —E RS . &5 L IR TR
FE W 0 G ) sh 8 & —E iR e
A5, AT A HLTTSE RN JE e — S 5 1 A A al
JEURAL, SR BN A ALAL K A B o
B, BRI X AEAE T AR A R 80 5 P i
IO A2 A ML S AL 7=

A AR R AR SR L B 2 R 2R
BT, XL BT R B L 254 S Ak
SFA I UL KRS S A A REAE , AT HILA 53 9 2B D B
JoT AR S AR AN W) S (SRR, 2018), 1E
Fa e 9 2 B RE A AR Ly s S W Y525 G B AR AIE . IF

x7 BIEET REEFHERITTRXRESE,2015)
Table 7 Statistical contents of uranium and hydrocarbon
of the Hadatu deposit (Liu et al., 2015)

WE  FERAEL U/10° M CO/%
He Ek
e e 20 4.35 92 293 025
B 4 315 497 989 2.1
IR E A 1 153 60 200  0.18

Fa 98 AR RBES 53 A R A% S BB P 5, (IR 1E A
ot 32 BRI T I e A W R 2R B 1D 2 ( Cranwell
et al., 1987) , I iy B A5 14) 14 o et D = 24 Y - il
A A )35 B S )2 (Peters et al., 2005) . 70 AT 0H
AU 3BT B e 8 AT RAE i 1) FE BRI E 7 T Co ~
C, HA LI TE A MU TS R, Hob 3 5
W P ‘& (HD5, HD21, HD25) F1 1 {4 & o I &
(HD27) F i B 1 A SOAH €35 32 R 5 2035 -y Cg
(#£8,79), F M HA B it £ 20k FARSE K A4
Yo 205w Brle A AL (HD151 X HD152) 1) ik
WEEHI5 Ry Cos, F6 78 Ho A B BT 3 2208 H 2 S A
PRI , P 3k LA™ PR IR 202 v i B B AR SIS 10 2 il Bk
JoT MR AE K AR A Pt AR O3, [l B A A — i
() R S AL A o IS K A A i A R BT A
IR FEE A, T R A T BE S A R R
HHEYIRIEA X

25 A W Ik BT PRAETE SR F RS b2 138
SRR . B Beb A ) T A AL A
BN LA, S0 b ik B R R AR ik R
TR SR A A A W A L S A BB T L
A, 5T A AN SR A LT ZE R (I 15
F2) A Ak ERREC(Cro ~ Co) BA TR K B AR
(53R, 2020; A4, 2020) , 8 /R A 1D 7 Y
T R AR SR S TR R 35 4 S s IR
TR = 38 B PR AR AL 06 . FEIR R
PR AT 2R A5, BT R22  TE R
A HRANG KB ST BRI L K BE Ak R
VIR S T80 &R INSO— 1L &) iy,
DA 30 7 I o 14 12 5% (Peters et al., 1994), i#E 11
T W05 b M 7 BB AP
4.2.5 H K EAPRT SFAER LS R M#EE X £

W 3K BT D& B 2 IR D 3 AR L BT (1 6, K]
23, & 24, B 25) 3R W1, K A 00 1A 52 30 K B DA
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Fig. 21 Microscopic characteristics and Raman spectrum of organic matter in mineralized sandstone of Hadatu deposit
a— Scattered organic matter with paleo— plant cell structure in intergranular pores of mineralized sandstone; b—Banded, black organic matter veins
(bitumen) in intergranular fractures of mineralized sandstone; c—Pitchblende, pyrite, galena and symbiotic organic matter distributed along dissolution
holes in barite minerals of mineralized sandstone; d, e—The intergranular pores of the mineralized sandstone infiltrated by light oil, showing light blue
fluorescence; f—Pitchblende, molybdenite and symbiotic organic matter distributed in dissolution pores of barite of the mineralized sandstone, and
gas—hydrocarbon fluid inclusions and liquid—rich brine fluid inclusions distributed in groups in barite ; g,h —Hydrocarbon fluid inclusions distributed
in bands along micro— fractures in quartz debris of mineralized sandstone, showing strong light blue fluorescence; i—Gas—hydrocarbon inclusions
distribution along micro— fractures in quartz debris of mineralized sandstone; j— Raman spectrum of organic matter veins distribution in micro—

fractures of mineralized sandstone (1)), Raman spectra of gas—hydrocarbon fluid inclusions distributed in bands along micro—fractures quartz debris
in mineralized sandstone ((2)), Raman spectrum of organic matter coexisting with pitchblende and pyrite in barite of mineralized sandstone ((3))
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Fig.22 Triangular diagram of the chloroform bitumen A group

fraction of the ore—bearing rocks of the Hadatu deposit (base
map from Shang Huiyun and Li Jinchao, 1981)

1—Sapropel type; 12—Sapropel with humus type; I11—Sapropel—humus

mixed A type; [12—Sapropel—humus mixed B type; [II-Humus type

Fzk32—71 5FLJE Bl A s 384N IR b A S IR ST
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WIRTE S S 2 HR FRR AR K b iR 2% X
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TR 1o 36 T T o
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N RNy VIR o N O W = I e W 25 e =)
AR f8E 3 Ry B K LA s & BT il Ak ([
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1000x10°° ~ 10000 10 [ A& 41 H , A BT T 7
U R ) SO SR TR & s KT
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Table 8 Chloroform asphalt and component content in the rocks of Hadatu deposit( %)

ERE RS o AUiE IR T Tk E[F Elllg
HDI RIKE A 0.1657 86.44 0.88 0.08 6.40 93.79
HD5 IREHPBRE 0.0313 66.37 7.67 6.49 16.52 97.05
HD21 IREFANS 0.0076 30.43 18.84 28.99 17.39 95.65
HD25 IR E BRI 2 0.0103 25.00 23.13 15.63 22.50 86.25
HD27 IR R SRR A 0.0098 12.16 37.84 16.22 21.62 87.84
HD45 KOE I 0.0199 51.25 10.42 5.83 22.08 89.58
HD46 KR 0.0033 26.32 26.32 21.05 23.68 97.37
HD72 IR R E b 0.5702 82.24 0.74 0.54 1.63 85.15

HDI151 IR 0.0040 27.66 17.02 12.77 34.04 91.49
HDI152 K 0.0035 33.33 17.78 1111 33.33 95.56

T AT SER aE i AW R (b)), SRR F{E5 4 Thermo—Finingan Trace— DSQ AM (4 i B ik I FHAY ; (o i iz 50
99.999% %45 (IR F HP—5MSS 3P A7 DE B AIAT s R 11 IRLEE Dy 300°C
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Table 9 Characteristic parameters of saturated
hydrocarbon chromatography of ores of the Hadatu deposit

FEiE BifLS FoxEd BRBGEH EwxiE
HD1 Fzk32-15 IRKEFRECESTA)  Cs~Cs  Cu
HD5 Fzk16-23  REWERE(LHI A)  Cu~Cs  Ci
HD21  Fzkl6-0  KEMECEHITA) Cu~Cs  Ci
HD25 Fzk16-0 KEFTUHRME(THI ) Cu~Cyu  Ci

0, 53 A 0B RCIR A5 R D il B i B4 R TR
Hho TR BN W) A T A -
(DWW e 2T HD1 SR dh
MR A, DL RORR CRAR 1~ 1.5 pm) i
PORLAR CREAR < 1 pm) S S AL A7 T ki)
FLB AR S0 o0 Al T I 7 ek L s Rl R B R (1R
28a) , Wi H A5 B LYy BRSO R (K
28b..c), AR AR S A B T B T
— BT B BRI AR (18] 28d). AT Ry Ik
FLANZRBR b o 4 75 57 07 VR e kA 5 R R 0 75 4l

Fzk32-131 Fzk32-87 Fzk32-55 Fzk32-39

6004

W (#28e) . A IREH IR 10), TG #IE & A
—EE MY Si P.Ca.S . Fe Al KZ 0%, H Sio, &
BN 1.01% ~ 12.41%, P05 5 B AL R 1.77% ~
8.68%,Ca0 & 55k K 1.65% ~ 4.39% , Pt I i 7
=E

(QQ)&lif7: FE & BT HD27 HD1 . HD55 Sk 5,
oo Bl DL S R AR B AR A AR AU A
T 8 PR e 1 26 8 2R i SR LB AE
T A SO 2% T R I A, S8 I B IR T
(<1 um)4EAPRIRAT (1 28F) o il IR A7 7E R it
PRI LR L, IUAN, 7 HD1 SRR TR
KA 2B, I T SRS T R B R A ] R 1 BE
A YK 28g) , LT HREH 01T, HAb 22 1050
UO; % & 4 58.77%, Si0, & 5 4 19.31%.. AN
Ca.P.Al Fe %, P.O; &% 1 6.98%, CaO & & Hy
3.66% , ALO, & 4 2.03%, FeO & 5 0.24%.,

G)EM AR £ - 76 HDA3 KL 5 8 U4l i) i 2
R DL B RORRIR (BAR L 2 um) AR . 3¢

~E br i/ m
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Fig. 23 Borehole profile of F32 line(position see Fig. 6, after boreholes by Nuclear Industry Exploration Team 208)

1-Yierdingmanha Formation; 2—Erlian Formation; 3—Upper member of Saihan Formation; 4—Lower member of Saihan Formation; 5—Oxided
sandstone; 6—Gray sandstone;7—Red mudstone; 8—Ore body; 9—Uranium mineralization body; 10—Uranium anomaly body; 11—Stratigraphic

boundary; 12—Unconfirmty
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Fig. 24 A—B borehole profile of Hadatu deposit (position see Fig. 6, after boreholes by Nuclear Industry Exploration Team 208)
1-Yierdingmanha Formation;2—Erlian Formation; 3—Upper member of Saihan Formation;4—Lower member of Saihan Formation ; 5—Oxided
sandstone; 6—Gray sandstone; 7—Red mudstone; 8—Ore body; 9—Uranium mineralization body ; 10—Uranium anomaly body; 11—Stratigraphic
boundary ; 12—Unconfirmty
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Fig. 24 E—F borehole profile of Hadatu deposit (position see Fig. 6, after boreholes by Nuclear Industry Exploration Team 208)
1-Yierdingmanha Formation; 2—Erlian Formation; 3—Upper member of Saihan Formation; 4—Lower member of Saihan Formation; 5—Oxided
sandstone; 6—Gray sandstone; 7—Red mudstone; 8—Ore body; 9—Uranium mineralization body; 10—Uranium anomaly body; 11—Stratigraphic
boundary; 12—Unconfirmty
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Fig. 26 3D bottom surface of the Saihan Formation and the planar projection of the grey sandstone and uranium ore bodies
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Fig. 27 Seismic line L1 (location see Fig.6 ) showing relationship between deep—seated fault and uranium mineralization in the
Hadatu deposit
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Table10 Electron probe microanalysis data of uranium minerals in Hadatu deposit(%)
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Table 11 Electron probe microanalysis of bitumen in ore of Hadatu deposit(%)

MW Sio, FeO 8[0) AO; Na,0  TiO  ThO, Y,0s MgO La:0; CaO
1 0.04 0.04 0.04 0.11 0.03 / / / / / 0.02
2 0.03 0.02 0.02 0.01 0.02 0.02 / / /
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3 0.06 0.03 / 0.09 0.01 / / / / / 0.49
4 0.03 / / / 003  0.17 / / 0.55 / 6.19
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