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Abstract: The Mengqiguer uranium deposit in the Ili Basin is the largest sandstone—hosted one discovered in recent years. In order to
research the source of ore—forming materials, the properties of ore—forming fluids and the metallogenic environment of the deposit, a
geochemical studies on trace elements and sulfur isotope of the pyrites (the gangue minerals in Xishanyao Formation and Badaowan
Formation, which closely related to ore minerals such as uraninite and coffinite) were carried out systematically. The results show that
the REEs of pyrite in each sample exhibits a similar distribution pattern, that is, LREE is significantly more enriched than HREE (Lay/
Yby=4.27— 9.82), with strong negative Eu anomaly (6dEu =0.50—0.71) and no Ce anomaly (6Ce =0.93—1.04). The Co contents of
pyrite range from 2.1x107°to 26.7x107°, Ni from 19.5x107°to 79.30x107°, the ratio of Co/Ni from 0.07 to 0.88, and As from 8.90x107°
to 95.60 % 10™° higher than the average As content of the continental crust. The sulfur isotope composition of pyrite has a relatively
wide range of variation, i.e. §**Scpr ranging from —17.30%o to 3.90%o, with the change range of 21.20%o. Combined with characteristics
of REEs, trace elements and sulfur isotope composition of pyrites and regional metallogenic setting, it is suggested that pyrite in this
deposit is of sedimentary origin and was formed in a low temperature reduction environment. It is concluded that the sulfur of pyrite
mainly originates from coal and sedimentary sulfide with microbial genetic characteristics, and pyrites and charcoal debris (organic

matters) provide reductants for redox reactions during uranium mineralization.
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Fig.1 Geological sketch map of the Mengqiguer region(after Huang Guangwen et al.,2017)
1—Quaternary loose deposits; 2—Middle—lower Jurassic Shuixigou Group gray conglomerate, sandstone and siltstone; 3—Middle—Upper Triassic

Xiaoqungou Group gray and variegated glutenite and mudstone; 4—Carboniferous moderate—acidic volcanic rocks;
5—Regional fault; 6—Overfault; 7—Thrust fault; 8—Predicted fault; 9—Strike—slip fault; 10—Boundary of the basin; 11—River
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Fig.2 Petrographic characteristics of representative samples from the Menggqiguer uranium deposit

a—Badaowan Formation gray—white gravelly lithic coarse sandstone; b—Badaowan Formation have sand—like structures with strong carbonation and
clayization; c—Microscopic characteristics (BSE image) of pyrite in Badaowan formation clastic rocks; d—Xishanyao Formation gray—white medium

fine—grained lithic sandstone; e—Xishanyao Formation have a sand—like structure, and the edge of quartz was melted into a harbor; f—Microscopic

characteristics (BSE image) of pyrite and pitchblende in Xishanyao Formation detrital rocks, which are closely associated with each other. Kfs—K—

feldspar; Cal— Calcite; Kln— Kaolinite; Mc—Microplagioclase; Pit—Pitchblende
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Table 1 Sample characteristics and sampling location in the
Mengqiguer uranium deposit
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Fig.3 Chondrite-normalized REE distribution pattern of pyritest
(Chondrite-normalized REE data are from Sun and Mcdonough, 1989)
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2 RHERETRERT OB L TESE(10°) RESEE

Table 2 REE compositions and characteristic values of
pyrites from the Menggiguer uranium deposit(10*)

EAL P Pl A vl aEgl A ) GEE g ES A
¥S  YL-6  YL-12  YL-13  YL-14 YL-15 YL-16

La 2.60 0.50 12.90 3.10 4.70 6.50
Ce 4.50 0.70 26.70 6.20 6.90 12.1
Pr 0.43 0.06 2.79 0.66 1.49 1.42
Nd 1.50 0.20 10.30 2.30 6.90 5.80
Sm 0.28 0.05 2.00 0.48 2.14 1.30
Eu 0.06 0.02 0.32 0.10 0.46 0.26

Gd 0.22 0.07 1.82 0.41 2.41 1.58
Tb 0.04 0.01 0.28 0.07 0.39 0.24
Dy 0.27 0.07 1.89 0.42 2.34 1.59
Ho 0.06 0.02 0.41 0.09 0.44 0.34
Er 0.18 0.02 1.23 0.25 1.13 0.94
Tm 0.03 0.01 0.19 0.04 0.14 0.14
Yb 0.19 0.05 1.26 0.26 0.79 0.88
Lu 0.03 0.01 0.21 0.04 0.11 0.14
Y 1.70 0.30 11.30 2.60 9.80 9.10
SREE  10.39 1.79 62.30 14.42 30.34 33.23
LREE  9.37 1.53 55.01 12.84 22.59 27.38
HREE  1.02 0.26 7.29 1.58 7.75 5.85
LREE/
HREE 9.19 5.88 7.55 8.13 291 4.68
Lay/
Vb 9.82 7.17 7.34 8.55 4.27 5.30
JEu 0.71 1.03 0.50 0.67 0.62 0.55
dCe 0.95 0.83 1.04 1.01 0.63 0.93

T < ST RRIIE (S SR ; (R Shy
ICP-MS, Agilent 7700X
J£0.20%10°°), Se: 1.00x 10 °~188.00x 10~ (H41{E Ky
45.00x10°°, Hb5E FHE 0.08x107°) ,S > 10x 10> (HiFEF=
Ji£ 0.026x107%) , Fe: 27.80% 10 > ~43.9x 10 > (¥J{H Ny
36.90%x 102, 72 £ 0.63x10°%) , Mo:3.54x 10 °~
39.30x10°°(HIEH 17.05%10°°, Hi7 F 1 1.50x10°°)

(2)%% Cu.Zn.Sn.Bi.Ni .Mn.Co.W .U # Th 4§
JCE , A E M Cu: 1.90x10°~340.00% 10°° (4
FEf YL—6 1 Cu gt %14 340.00% 10 1 3 &
Ah, H S ANATEER AN 8.90% 10 ¢, e ik T-Hi5e
JiF 55.00%10°°) , Zn:3.00%10°~ 339.00x 10 *(Zn L
(1 b 5¢ 3= B 70.00% 107, o /G T8 20 5 A v s gk
W Zn i 1 3 & 4 VH I A A A TR T Y
Zn & AR T 53 & R R 2 ) L Sn: 0.20%
107~ 2.10x 10" (418 4 0.90x 107, Hl1 5%+ J&F 2.00%

10°°),Bi:0.06x10 °~ 2.96x10 (& #E 5 YL—6 1 Bi
JLER S RN 2.96x10° 1 F H/ A, AR S 2
fHM0.10x10°, ¥ T 72 £ 0.17x10°°) , Ni:
19.50x107°~79.30x 10" (¥J{E }y 45.50x10"°, 7 F
JE 75.00x107°) ,Mn:5.00x 10~ ~ 424.00x 10~ (¥J{ Ky
118.50x10°°, 15 £ 950.00x10°) ,Co:2.10x10 °~
26.70x 10 °(¥J{H Jy 11.00x 10", H#i 5E =F & 25.00 x
10°) ,W:0.50x10 °~1.27x 10 *(¥J{E 4 0.80x10°°, i1
FEFPE1.50%107°) ,U:0.20x10°~14.9x10°(U JLE
M 5E R 2.70x 107, Hoh /B B 4 A 4 P s k™
U F A a4, PH I LU n A P i U
AR ), Th: 0.10x107° ~ 4.48x 10~ (4 {E Ky
1.70x10°°, # 72 F= 5 9.60%10°°) .
5.3 TREAIE4FE

WA B R R R R 2 4, R4S
FEHH | BRI 0% Seon TH 28 ALK, 43 A7 36 Bl N
—17.30%0 ~ 3.90%0 , & 2 4~ #£ & 6*S A 1E A 4h
(1.70%0~3.90%0 ) , H: A3 i 34 52 17 1B (—17.30%0 ~
—1.40%o) , F-HAE A —5.73%0 , 224 21.20%0,

6 1

6.1 WETENEHT KEEKT RAEERNETR

Co . Ni 5 Fe BRIGICE , BN TH&A ML
170, Co NiTCF H LA W 42 1 7 2O A Fe 1M i
N FEERE T NI I CoS, RTINS, , B A FH B8k 5™
H1 %) Co/Ni FU B R IR PR B R 2 AL S B k™ i e
IR 5% (Bralia et al., 1979; /& 45, 2012; 2 K
45 2013 REF4E2019a) . Bralia et al. (1979) %}
X N [F) g PR 2 78 1 E R H Co NI P 5T )5 &
B, VTR R 1Y Co/Ni FUAELFEAE I , H: Co/Ni <
1.00; 3¢ BB B 2R 1Y Co/Ni U AE YLl — ik £ 75
1.00~ 5.00; 7% BT G #4219 Co/Ni L {E=1.00; 2K
I HCRBRAL P B PR 8 BR T 1Y Co/Ni LU (B AB fh 358
K, HIEFE K 5.00~50.00, H B4 5 CoCF & HN
480%10°) K Ni( < 100x107°) .15 Co/Ni HLAE [R R E
(Bralia et al., 1979 ; 5555 ,2019a) . 5¢ Hody /R 4H
W IR B9 Co Ni HU(ETE FIAR b K , Hir Co
HFHEA T 2.10x107°~26.70x 10, F-H &~ 10.97x
107, Ni &2 4 19.5x107°~79.30x 107, #4){H Jy 45.48
107, Co/Ni HAE K 0.07~0.88 , 415 K 0.28, B 5% IX.
HERR LR L BLHIK Co NI 75 1 S AIE Co/Ni FLIE Y
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R3 RELHRET AERYT HRETESE(10)

Table 3 Trace element compositions of pyrites from the Mengqiguer uranium deposit(10*)

JZAL [igiigeeiEl LI i) Vi1l 7520 JAS R E JASERLEE 5
RS YL-6 YL-12 YL-13 YL-14 YL-15 YL-16 G vefi)
Cu 340.00 1.90 5.80 14.30 4.50 18.10 55.00
As 62.00 - 53.20 95.60 8.90 12.50 1.80
Zn 40.00 3.00 15.00 9.00 339.00 153.00 70.00

Ge 0.22 0.20 0.18 0.20 0.42 0.78 15
Ag 0.36 0.03 0.08 0.27 0.04 0.12 0.07
cd 0.44 - 0.04 0.03 0.07 0.07 0.2
Sn 2.10 0.20 1.00 0.50 0.30 1.20 2.00
Sb 1.77 0.05 1.57 11.60 133 1.71 0.20
Se 2.00 1.00 1.00 2.00 74.00 188.00 0.08
Bi 2.96 0.12 0.09 0.09 0.06 0.12 0.17
S >10.00 >10.00 >10.00 >10.00 >10.00 >10.00 0.026
Fe 39.80 38.00 27.80 33.70 43.90 38.00 0.63
Cr 4.00 1.00 25.00 12.00 2.00 8.00 100
Ni 19.50 20.30 79.30 72.50 50.90 30.40 75.00
Mn 424.00 5.00 66.00 152.00 24.00 40.00. 950.00
Co 3.10 2.10 10.20 5.20 18.50 26.70 25.00
Mo 3.54 13.30 22.70 5.84 39.30 17.60 1.50
\% 8.00 3.00 15.00 9.00 8.00 24.00 135.00
w 1.20 0.40 1.00 0.60 0.50 0.90 1.50
Ba 40.00 70.00 180.00 50.00 1630.00 1820.00 430.00
U 0.50 0.20 1.10 0.30 14.90 6.70 2.70
Th 1.41 0.10 4.48 121 0.89 2.11 9.60
Hf 0.60 - 5.90 0.50 0.50 2.20 3.00
Zr 26.00 - 243.00 20.00 24.00 90.00 165.00

TE: "R Er TR, S TEER A Fe JER I A A% s A3 A - ) NS 4 S5 s 5 A%

IS . ICP-MS, Agilent 7700x,

FRAE , 38 8B 98 X A Bk R DR IRL 4 B k™
i) Co \Ni 4 4% 7E Co—Ni 3¢ & A [l i (1K1 4) , ¢
SR TR S UGS X P, i — 2 R i
PR B R A UTRR AR A

Keith (2016 ) A& 3L 2k v fr & st o0 2= AP
FEFNE A2 TR 0 I, BV T B
LTS TR MRS e, R,
Y B R, T & i T R AR S >, 7
BRI B 5 T, R R A (2011) A BR, 76 il
IR H Co > 1000x 107, iR AU # 26  H Co 7
14 100x 107 °~1000 % 10°°, K 5 % ¥ 2k 5+ Co <
100x10°, S H A /-t R b 88k 1) Co % A
F2.10x107°~26.70x10°, ‘P2 & £ 4 10.97x10°°, &5
IR Co & EAFIEFR /R TAVIR AT . 7358, AsHEN
—FRIEIC R, 25 & TR AR d M5 H A R
Bl R T BT As A T 8.90%10°~95.60
107°, 300 50 38.7x 107, B i 25 T KRl Hb 5% As
3485 5 (1.8x107°) (Taylor, 1964) , 5Bl i 55 46 #4
Pomeon TIREIA . B2, SN RET IR
BT AL AT B A AR, BRI R M TG T P Tl
IR, X —4510 5 ET s AR AR B i 5 H

R I R B AR N 65~75°C (IR, ) (541
M 2007; B BEHE 25 2015a,2015b; T 25, 2016)
AT o

R4 FHGRMT REGT MEMLRNIKER
Table 4 Sulfur isotope composition of pyrite from the
Menggqiguer uranium deposit

P RS " KEER TR
o - F‘H’. . aMScDT/%o
T s BEm W
KAt
1 YL6 }(‘ . 981.28 HEHT 390
PR
YISREREN .
2 YL13 s 464.00 FCEEET  -12.30
HIBE
3 YL-14 KEA®EEWE 46289 EEYH 170
IR A RR
4 YL-15 13820 EH  -2.10
R ’
RAE R
5  YL-16 140.06 A -3.80
vV itk
6* P5515-9  KAtBRkE  498.80 HEKHT  -17.30
7% P5516-3  KEHRbE 58140  BEREHT -9.20
SR
8* P5516-8 586.70  TERET  -1.40
R
9% 1324-11 IREHHRY S 45940  HEKHT -9.20

T A SRR S | AR (2012) s 4TI A - A AT T
KA VRS PR [ 52 T 5 926 8 R 67 SR 2 5 A A 5
Flash—-EA 5 MAT-253 JE RE{SUBHLINL .
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Bajwah et al., 1987 &)
I BRI B X, T IV —5 5 R X
Fig.4 Co—Ni distribution diagram of pyrites from the
Menggqiguer uranium deposit (base map after Bajwah et al.,1987)
I . Il - Sedimentary and depositional modification areas, Il \IV—
Magmatic and hydrothermal areas

6.2 BREIMLRXEH Y BRSRIEF BT IMERIETR

H AR T8 H A 4 RO TR] 0SBl A7, BV I
it FRAHE KA M SR L Ve AR R A S,
g B 1) 6S A8 Ak 1 [l /1 T 0+3%o (Chaussidon et
al.,1990) ; BLACIE /K B (19 0™'S Z 8 T 1E M8, @ % A
20%o; Hb 5 VEEARBRERER Y 6'S KZA T 9%0~32%;
W AR AE YO, T A UURRAE R s 2 Al
S H HEJF IR 6™'S (B AR 20%0 ~ 60% , 25 H A7 ]
7 2 A AR R, A s ) LU AR 2 2 i
MK AAE, H 6%S 28 L5 Bl A T — 40%0 ~50%e
(Ohmoto and Goldhaber, 1997) , —&IFM T , IR
HNRIERALY RS CA ) 64S 2 R e, HARMEE
FEIARRT K o

S H R R B A O R, B
TR AN —, FIBR2DHER A 6S M IE(H
Gh, FAR A 4 R E 5 S fE AT T — 1.40%0~
—17.30%o , 1% 25 21.20%0 , D\ B BK 4™ i 1) 2 5 A4 o
P fife (11 5) AT UL, F 55 DX N Bl TR B A 0°™'S 224453
ATTEDURRBR ALY RSP ERIY 0*S YE RN, R
TUTRBR AR R Sl AT BE AT IR R Y
TR . X% AE (2003) 7 T 5 AT Ml iR D 5 A
W IR E R EIWE T KA (A 55 5

S RIS A AT R
TIRER ALY

----- Filih

i%

BUAR TR A4 B TR

0 -20 =30 -40

0 -1
5"S/%

(&5 SEHH R Al PR b B A A A P 1 ORI T
WA, 2017 150
Fig.5 Diagram showing the discrimination for sulfur source of
pyrite from the Mengqiguer uranium deposit (modified from
Ding Bo et al., 2017)

AR SR B SRR S LR R R R
B RS 8] S Y D3RR RR T IX
TRAL P B A A W R R . 5 R
W IR H 8 K e g SRR A P, L 1L
NI 6 ZHL (M~M,) , /B EAH NI A 3
RIS (M M M), ULBHTE A i R v, KA L
JBT A A ol DR AU TR R i 0, R B RO AR A
FH G BR R ER MEATIR I, I 7 A R i SRR HLS, i
LY BN FLDRLR AR B (TR 5, 2012) .
TRt DR AR P 63 3l S B0 [ 57 2R i L 1
A=) R R AL B TR 0MS (L FE T AR /N (T IE AR
2005) . J34h RGN R IR Z D T O
T BT B AR U1 P, AR DX DA 1 A 2 A S
T A AH DGR IE o 53 41, BRAH R (2019) FFH JEA £ X
SIMS ¥ 5 AFA% H S H it JR Bl IR Bl AR 0% 44
Hgr it ] ((13.843.0) Ma) , HR O T BT ((1.678+
0.35) Ma) , & B LA A HAT B0 i dh ikt . X120l
S5 (2015) $ H v 7 780 53 (8] A= L0 S b B4 0 IR
FMAERHE R TR a Lok, FEAHE(2019) 45
LT IX A IR (K224 Ma) Lk R B A 2R
iz gl , 2ot | LR R — R
BB A A 1 2 S PR R T Rkt DTS 1 7 B 4
#4(13.8£3.0)Ma ., (1.678+0.35)Ma 55 7 b B 2 571 #4
118 B A B R AR . Rt R —
B PR T A A A 1 4R A IR R R
R KM I 1) J2 (B) M K AR 2 2R K PRI R H 1Y)
R I R S S IR — AR SR A P AR ) A
TKBARAE A, e 2 A R A R YA LR 5 TR 1
TR I8 T AR X 2 (B S A B IR (T %
2017 FEA PR, 2019) o ZF LR, S H R Al
PR HP A S8 T i R P A2 B I S 2 A A
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F AR IR o AR ALY, H B &5
BCPRVERAE |t — 2 UE 52 X N S /D 28 iR BT A 8
JEPERRES
6.3 EHY EHAYT TERNIER

FEAB AR TR UV 32 B2 IR
TR % B ) LRI I LS el e 45 & 4
XA B E AR T E AN U Bk RN
U M & 46 U00E TE i i 4 (Joél Brugger et al.,
2016; Liu et al., 2018; % ¥ 25 | 2019b; Wu et al.,
2019) . HA&& AW FFRE 1 B (FeS:) TE T
A=W R A AL A R JE A b, R ER R SO
VR JR S Y S Fet 4 A I L (25 it R A
2012) o SEHARBIE IR P R Bk 22 S AN R
M RLIR B ERAT , B I T A AL i S B K 2
i WS 157 0 o i n S A LI B 7 e S S R
TR FHPEAE P E AEAEC B DI &R (B3
Z5,2017) o TRELL X DX P AN R U] Ath T2 A7 R B k4
PEAT L FERET B X A AT 2 B0, He S/Fe S LU A
2120730k F) , KB A0 it B8 b T 5 1
AR T (LR AR 2012) , RERS A e
PR I AL AT o 52 0 IR BT R e
PR X B8 AT KR R — B R R T g
WA o TR (2012) A THUIR X =R A A il & &
Ik 12.90% 107, F I K ILEBE KA R iZ X HM R
BRI BB RGT Sy R RP (D) B A
i AN A R T, 4 DA T S o 0 DX v R e K L
TR BAE 45 S5 i S iz 2 A iR X, T K
—EE AR E A R R E A LR
JE RS R SRR SR I, A S A ) A R
LSS B O E Ry = BLIRE:UW NS| byNI =2 VA
HEA BRI R AR A LR RS Gl 4 ed oy
HES) T KB IR R, A T8 =
LA PR 2 CHL AR (5K IS, 2012) , CH L A58 Ji7
PEARTTFE SRR SR A R AE T N 5 & K2
SO R, Az AR 9 HLS UM, 1 a3 SR A B
IR TE B R, KR MR & TR AR A B R 25 i
PRSI & 5 UUE B B IR, 1 i B k™
Saha Al (PR B . TS5 (2017) 42 H
IS XA A R AR T N AR K, BER R
Rk & K EUR, i — 2 S A R S T
B AL S 2 T 2 L BB R -

AR R A P, 00 DX P ™ 0 P IR 2B
LR E/NBZ o B b5 DCRA UK PR &
il SRR A il U P DA 3 D 20 7 B R 1
RN, [RIN BT Hh Fe™™ R (LR ) Ko JE A LIS
VRN IG5 G B Bk pl 2 ) o535 il 25 Sk S
AR N B U R Ut S A F X TUE
(2 S 7RI R LS PEE 2 L 7/

7 4 ik

(1) S HA IR Bl PRV 1L 25 4 Fn NGB VS 4L 1
BT HAR I 0 R B REE , R IR Y
BORRAT B ALY B ) BRI s BT T R
BAKHY Co Ni &1 Co/Ni HL (AR IEFE 8 T # ks
RUTERH , JE T IRIR AT, As & I I 5 46,
IR BT AR AR AR AR

(2) 52 Hoby IR Bl R v B e i [m) 457 3R 2k
FRIEFE/R T 0 R0 TE i T30 RO, it 2 2R
T B A Y AR AR A AN AR AL ) o

() ZrA b R R B2 i o & .
iR TC R RN [ 26 2 RRAIE , 45 6 X PN B 1 3T
B0, SO R IR b B B R S S
BLBT A DX N Bl BT 1 B T e AR A A i S
JIT e B D) A B b BR Ak 2 e, 4k i fef b2
W JF A 1 R RIS 2 U PRI TE & S B
Wi S A
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