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

[Objective| This study aims to ascertain the petrological, mineralogical, and geochemistrial signatures of the sandstone (mudstone)
of the uranium bearing target layer in Erennur Sag, Erlian Basin, and to discuss uranium mineralization. [Methods] Research
methods include field geological cataloging, polarized light microscopy, electron probe spectroscopy analysis, major trace elements,
environmental geochemistry, and uranium valence analysis. [Results] (1) Uranium minerals exist in the form of adsorbed and
independent uranium minerals, often co-existing (associated) with carbon chips and pyrite, with occasionally with presence of
sphalerite. (2) The ore exhibits the characteristics of high organic carbon, S and CO,. The average U*"/U*" of mudstone is 1.01, and
the average U*"/U*" of sandstone is 0.57. (3) The CIA value of sandstone (mudstone) is 50.83 to 66.34. The characteristics of rare
earth elements are consistent with those of granite in the erosion source area, the characteristics of main and trace elements all show
that there is obvious water—rock interaction in the late sedimentation—diagenesis stage. [Conclusions] The following conclusions can
be drawn: (1) The Hercynian granite is the dominant source of the sandstone (mudstone) of the Saihan Formation. The sedimentary
environment is a semi—arid—semi—humid paleo—climate. (2) Adsorption and oxidation—reduction are the main mechanisms of
uranium enrichment in the study area. Mudstone—type uranium enrichment is mainly in the form of adsorption, while sandstone—type

uranium enrichment is mainly in the form of oxidation—reduction. (3)The deep fluid may have participated in the mineralization.

Key words: sandstone—type uranium deposit; metallogenic environment; enrichment mechanism; geochemistry; Erlian Basin;
Erennur; mineral exploration engineering

Highlights: (1) The occurrence state of uranium minerals in the sandstone (mudstone) of Saihan Formation in Erennur Sag, Erlian
basin is detected by electron microprobe energy spectrum analysis and uranium valence analysis. (2) In combination with
rock—related and environment—related geochemical data, the CIA (chemical alteration index) and ICV (coefficient of variation of
composition) are invoked to discuss the paleoclimate and the weathering degree of bedrock in the erosion source area for further
studies of uranium mineralization. (3) Both the form of adsorption and redox have been proposed to illustrate the mechanism of
uranium enrichment.
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Fig.l Sedimentary facies map of Saihan period in the study area
1-Uranium industrial hole; 2—Uranium mineralization hole; 3—Uranium anomaly hole; 4—Super large mudstone type uranium deposit; 5S—Uranium
ore occurrence; 6—Sag boundary; 7—River channel; 8—River channel sand; 9—Heart beach; 10—Lake facies; 11-Transition facies; 12—Continental
facies; 13—Sampling hole locations
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Fig.2 Occurrence state of uranium minerals
a—Uranite and strawberry pyrite coexist and fill the cavity of carbon debris cells; b—Strawberry pyrite produced between clastic particles is symbiotic
with uranite or pitchblende; c—Strawberry pyrite aggregate is symbiotic with uranite; d—Symbiosis of uranite and sphalerite; e—Diagram of Uranium
ore composition; f~Diagram of pitchblende composition; C—Carbonaceous; Si—Quartz; Py—Pyrite; Cof—Uranite; Spn—Sphalerite
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AW 2 A B A 5R E R, FelFerE 1 R
1.9(F 4, B 5); CO, & fEfb A T4 h B B 4%
5, FYE R 1.8%, AT RE -5 R SR TE i
WEEAXEE D).

5.5 $HEIM ST

Bl E M A AT A R (R 5) R, AR5 XRP ()
ol AR LA A B o 3, USUMTE 0.23~2.01,
S35 0.85; Horh AW 4 L R A USTT o B Al
AHXT T —L8, US/U*SEL 1.01; BMR AR A 1A U
A, UT /U4 0.57, B BE AT WLje s Fib 5 A7 1
PR EIAE AL, Ve Pl vl A 5 DURR B sl 1 e
B E, BRASAe S BT A RS US/UY R 0.23, LLIE
J A R 35 AL RE LB BE B8 Kb 5 FI b iR
FIIRAEALH LSRR AR R o 32, iR RS U™
25k USHY 2 £%

6 1 it
6.1 IREXUEERNEHESIERE

f2p i AR F8 8 CIA 7 LU T @ T R A 1)
XA FE B (Nesbitt and Young, 1982), Hoit#E A5
4 : CIA=[ALO,/(ALO;+CaO"+Na,0+K,0)x100]( A
I3 N EEIR A3 HL, CaO kR ER Y CaO, R4 rh
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Fig.3 Trend graph of average content of major elements in
different kinds of Saihan Formation sandstone (mudstone) in
Erennur Sag

[ CaO FHFEFEAL2ATURLY CaO MUEEIRED), B8
SRR ER A i Ak 2 KARAE FH, CIA K, KBS
A Z A 2E XA RS . CTA AR LAt mT LA
KBRS TR B By SR RRIE . CTA 2 50~60 B
SRS KL R, fR R IER TR A CIA A
60~80 i F5 7 H 45 K Ak 5 BE , A< A6 IR % N U
CIA 7 80~100 B 45 7~ 5 20 XAk 538 B, <A 98 FAH
M (D 5, 2006; 7 KAHESF, 2018) o WFFEIXALTR
F I CIA fHh 50.83~66.34, V-1l 59.76, {LFE T
R I R i e W17 NN U R TIE AE 7 = i w4
Ty S A AT, WS A —H 2 (K1 6) .
B AR S R ECICV AT S 25 0 B 46 %
SRR, FIWTRE S AR — IR AR

Wi S 5T P08 PR i DR sl AR 28 D s ZXL
AE (SR ARAE, 2019) . M ICV fH<1 B, ATRESR:
21 T ORI - P B0 sk e KA R B i B
WUTF W, U BA TR A 455 ik 8 8 & F RUAk s 24
ICV>1 B, #RIIZAE A GE L0 P8R, R TR
TE R IR () B R DO, BB LB 28 1
o ICV HITE AN

ICV=(Fe,0,+K,0+Na,0+CaO+MgO+MnO+TiO,)/
ALO,

ARG T R AL TSV A i 9 ICV {EH 0.6~
1.26, F-2{H 0.8, Hrp KT 1 A XA 34, /0
1) ICV {E 36 B TR FRBE R 2 3018 &) T KAk sl 3 28
D3 T U . 3 A R AT TR Ak T W 34 e
e B B, A 25 S A, SR AR T2 A7 )
B (BE5E, 2019), UEHIZ X SRRV A A ]
R T FUURR, BT S A b i Bl J 8T
TELFHIERE AR

AT ABFFEIA N Fe/MnO, Mg/Ca, AlL,O,/MgO
Bt AR 2 S Mn 78 T 238 & 1 i
15, FEAR Y 25 T & AR, Fe AR W IABE
1 5y UL Fe(OH), I AR P st L v, K ik, DiF 9
FeO/MnO =i % 0 i A0, AR {EDR: T H et i
7 ; Mg/Ca {E %S5 A8 AL B 3E 5 f5UE, — A Mg/Ca
(B T8 7 T A, AR S e A=A E e A B
TR T, Mg/Ca HAH$8 78 5 S IE I HH s (K
KA, 2016) . WHEEIXBR T A& oA Z S5 H
A E ) FeO/MnO, JFAE JK B8 b5 3 5, 48
& I Mg/Ca BAIK, oI ARD 2 Fe A U8 5 AR
JFAERD A AR S e s ALOy/MgO AR XS
AR o IXBERRAE UG AR 1 TR LR Ak
JRA A DU T RE L T+ 51, s fklie s
SIS AR A A E AL TR e 5
6.2 MRRBEEHEE =N

W8 2 b A L oT RAE DU R b AT 55 10
TSI B Tk, KAk s Ko i 2L
-7 4k (Floyd and Leveridge, 1987), Hiizk k2%
FEAE AT LA &S 5 1 B e ) 5 IX M BT ( Taylor and
McLennan, 1985; Bhatia and Crook, 1986; McLennan
et al., 1990, 1995) . i+ 0% Al 455X L ml A
BT R R 5T, DABIF DX it s = T 28 A TE 43
BB 7) R E, g &, f8 - PR —2
PE, I H 5 IX A B A 1R Rt — 2 (R
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P 4 RIS IXPEDLHAD (Yo ) W - BC oA (AL 36 s prifE Ak ik B T Haskin and Haskin, 1966)
Fig.4 REE distribution patterns of sandstone (mudstone) of Saihan Formation in the study area (North American shale
standardization data from Haskin and Haskin, 1966)

KR FHEAE), TR IR X AL A T EE AR

1R P 7 1 R A 2 4R HE S S AT S e R IX
A4y, T ELRE R B A F 1 ¥ 5t (Bhatia, 1983;
Bhatia and Crook, 1986) . 3 g Hl15¢ P4 J5Ks: 225 s 4
eSS b | B i N A S i N 5 | NS ) N i g )
2% M Bk B K Bk i1 2% 4 B (Bhatia, 1983, 1985) . 1&
TiO,~(TFe,0;+#MgO) #l  Al,0,/SiO,~(TFe,0,+MgO)
FIfig (&1 8), FEIALRY (U8 ) R i F2 275 A K fili
Sy, 1% sh ARl 12 2% B SR, 1 BH A isL R M1 B
FEDCLL A B T8 TUR) 32 R VR T K il 15 AT 3
KBNS T R BIR, X 5245808 14 7R
BOIE VG R 1 I TR sh v R — B HEWT) 2 A A
T PO 03l DX A B 2 ] REARIE T R BT
6.3 B IMETL SminicEENIE

AR5 DX A P A7 2 LA W o 265 Fn 2k ~7 il
Y1k 3, Bl 22 FoIEAE R A0 s Y, S AR IR Bk
WAL . — A R RRIR R A DU A B
BRI F=H (XN RARSE, 1999; B itk 455, 2009; 7KE5%
4, 2020), SR ¢ JE R ELRRIR B AR T B B (] 2
HPE L RARRB A, MR By f k5 7 E
Fom I SR 22 FLA B, X R AR v Y e LA AR
V14 I B A, TR0 B, X i Pl 7 25— LA AR B ) 3
JEAE 3% B AN [R) s 80 22 fm) SR Ak A N i il

520 R R e AR A A A (P AR, 2006) o
X 158 B I R FH RN A8 AR DRV P 1% M IX i i 4
) R EEHLHE, DR A B B b NI A i R K
P AR, B KR IR R B . TN
PER—H AT AL E AL G, R T AT REA TR IR
RS 5.
FEICRFHE B AR A B A AR A T 2
- AabE, Si0, S A R B ([ 3), F8/RTT
TR A B B 2 5 D A Ay N KA A BLAE
AR, B R S A ACE M EAE R I SL . e
fabE T ALO, &3, Sz R 5 1k
A XK, BPARE A XA Si0, & ALO, Y
R FEOR T e 5 AR AR OC, AR TR A G
WRERRER D W43, 3L ALO, S dfin, (H2 A
RSB A JG RS i [ K, (145 3% H X ke =
Si0, i 5 R FULIE LR, $8 /R sl Iy Dl
T3 SR ) T R EE . K,0 AT MgO 9% & Ead
W, fen gl E W nl BE ALk A FISE LA
Fo AR A AR TR S 8T AR K D IR
fibA HAA 3R ) CaO Ml CO, Frt (] 3), 1Rk
JRERERME A 1 B BUE LA CaO AT, U Y
EBIE A FE N [UOL(CO,), 1 Fl UOL(CO,),1*, Al
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Fig.5 Variation trend of average environmental parameters of sandstone (mudstone) of Saihan Formation

x5 BYZIERMPERY (i) EME UMKER (10°)
Table 5 Valence U test results of sandstone (mudstone) in
Erennur Sag(107°)

w=E FE i G5 §] U | GRS O L O
ZKN85-1-U9 121 626 583 1.07
ZKN85-1-U7 23 106 124 0.85
ZKN85-1-U3 51 23.1 28 0.83

Jee YZK399-159-U8 110 529 568 0.93

ZKE80-U7 122 722 498 1.45
ZK85X-U6 187 100 87 1.15
ZKiH80-U4 350 652 285 0.23
ZKJ#85X-U1 571 329 242 1.36
YZK399-159-U7 624 417 207 2.01
ZK85X-U4 2577 512 2065 0.25
ZK351-Ul1 555 198 357 0.55
b YZK463-319-U27 668 163 50.5 0.32
YZK463-319-U22 942 328 614 0.53
YZK463-319-U21 120 652 548 1.19
ZK522-139-U2 154 40 114 0.35
ZK3522-139-U3 118 387 793 0.49
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