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Fig. 1 Geological map of sandstone type uranium deposit in Dongsheng area, Ordos Basin

(modified from Chen Lulu et al. , 2017&)



54

DUME A5 PN 5 AR JP DR 5 R0k ™ Ml J2 07 A1 JBE 25 ) €L O[] (52 2R R M A PR A6 2 3

F—HEMNARE L,

R% 22 B 410 A i X 0 B A I b
B PN EBOR B, E BN R {6 TR an
ks, TEBAA B TIPAE (FEFR RS,
2005) , BB FE RGO A WA S0 FEN
HEP AT B FWB S F A g LR 6k 245
FRSERAS . B2 AP R B I, b e
Jo8 P I i RN A e M 38 25 , 0 MDA ROk RD A
DA

BB A E A Rl B O RRRRAE , 7F
] A JEAE AR S (21 RAE, 2007 5 14 BT

%E,2004a) , LB AN B L BLAR (A DH h ALY
R EMASER W 2, B AT B R
BORAAT O RS S D 5 IR W 5 2 8 A
A —IR JF P, B T W

2 Jr A A IR 2R A

2.1 AREAYT YT

IR M b XD B A — S EE B B R 2 R
A AR PR PR R Ak i ARV FH | e Rk B 45 4 % i —
Me/INT 0. 5% , RS54 & s 3 /b W o JOR AR B 4%
fil | S 45 W) ANAFAE T 10 8 JURE P2 A Ak | DA 322 i 45

P 2 ZR Pt DR OIS T IR B AP R . (a) M A4 (Cal) IRZE WIS 419 (Qtz) (KA1 (Or) FURL (IEASHRE) 5 (b) ¥
BRET (Py) 57141 (Cal) (LHIDE) 5 (o) BURBERAT (Py) SEEUBRLFLER, 7 fif A1 ( Cal ) ICES WSS A7 9% ( Quz ) UKL, BRI
(Bra) (BAPE) 5 (d) BACRETERG (Py) 577 A1 (Cal) BRE5H) (SURE)

Fig. 2 Sandstone characteristics of Zhiluo Formation in Zaohuohao uranium deposit, Dongsheng area: (a) Calcitecement cemented

quartz and feldspar particles ( magnification , crossed-polarized light) ; (b) pyriteand calcite ( magnification, reflected light) ;

(¢) granular pyrite filled in particle pores, calcite cement colloidal quartz particles, uraninite (X Smagnification , reflected

light) ; (d) disseminated pyrite and calcite cement ( X 5 magnification, reflected light)
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Table 1 Carbon and oxygen isotopic compositions of calcite cements in Zaohuohao uranium deposit, Dongsheng area
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11| 143-47-2 7K143-47,173 m, JK o HoMLED 7 -11.4 -11.4 19.2 23.4 98.3

12 A3-0-7 7ZKA3-0,121 m, KO0 E -7.8 -11.3 19.3 23.5 105.7
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34 | A175-79-6 ZKA175-79,161.3 m, JK (G ib & -17.5 -11.3 19.3 23.5 106. 3

35 | A175-79-7 ZKA175-79,165 m, JK O b -7.3 -12.3 18.2 22.5 106.2

36 | 143-47-3 7K143-47,176 m, JK (o HoHLED 7 -10.2 -11.1 19.4 23.7 100.9

37| 143-47-5 7ZK143-47,184 m, KO HibA -6.4 -9.2 21.4 25.6 109.6

38 A3-0-3 7ZKA3-0,116 m, JKER DA -10.3 -12.5 18.0 22.3 100. 0

39 A3-0-5 ZKA3-0,118 m, KGRt b A -4.3 -11.7 18.8 23.1 112.7

40 | A3-11-1 ZKA3-11,140 m, K& DA -1.8 -17.5 23.1 27.3 119.9

41| A3-19-1 7ZKA3-19,149 m, K& HHED 7 -12.2 -13.6 16.9 21.2 95.5

42 A0-3-3 ZKAO0-3,134 m, JREE O h b2 -1.7 -8.0 22.6 26.8 119.8

43 A0-3-4 ZKA0-3,139 m, K&t PR -2.9 -8.9 21.8 25.9 116.9 £
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46 | SW-009 7K8-7,130. 8 m, KA SR ANED -17.8 -12.5 18.0 22.3 84.6

47 |  SW-013 7K8-7,134. 4 m, JKAT L AR 7 -11.3 -12.8 17.8 22.0 97.8

48 | A175-79-1 ZKA175-79,148 m, K& h DA -2.4 -8.6 22.0 26.2 118.1

49 | 143-77-1 7ZK143-77,180 m, JKEE (0 FP b -9.5 -10.1 20.5 24.7 102.8

50 | 143-47-1 ZK143-47,169 m, K& (0 P RE 2 -10.5 -11.6 19.0 23.2 100. 0
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Table 2 Carbon and oxygen isotopic composition range of

calcite in carbonate cement in Zhiluo Formationin sandstone

type uranium deposit in Dongsheng area
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Fig. 4 Origin diagram of carbon and oxygen isotopic composition of calcite cement (modified from Wang Darui,2000)
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Fig. 5 Carbon and oxygen isotopic compositions model of calcite cements in Zhiluo Formation in

sandstone type uranium deposit in Dongsheng area
BAE B AHLIZ K €0 [FIA AR T 8" 0y _syow =0. 0%058" Cy_ppp =0. 0%0; 38 H K K TR AAAY €0 T2 Z 4 ALK 6" 0y _swow
=7. 0%038" Cy_ppy ==20. 0%0, X, AR A LM 2K AR 515 PR FA B K 5 M3 K 2 18] 4 RSB O e e

It is assumed that the isotopic compositions of carbon and oxygen in the seeping formation water are that 8" Oy_gyoy is 0. 0%0 and 8" Cy_ppy is 0.

0%o; the isotopic compositions of carbon and oxygen in the seeping hot brine fluid are that 6" 0y_gow is 7. 0%c; 6" Cy_ppp is —20. 0%o. X,

represents the mole fraction of formation water in the mixed fluid; P represents the concentration ratio of all dissolved carbon between hot brine and

formation water
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Table 3 Simulation parameters of carbon and oxygen isotopic compositions of calcite cements in Zhiluo Formation in

sandstone type uranium deposit in Dongsheng area

— i@Eﬂk | ;ﬂ.ﬂ%ﬂ( ?&rﬁﬂ( | Smrﬁﬂ( ‘?%ﬁ‘iﬁw ‘f%ﬁw
t( QC ) * p X'\ 0" C\*PDB 0 O\*SM()W 8" C\*PDB o OV*SM()W 0 C\*PDB 0 O\‘*SM()W
(%o) (%o) (%o) (%o) (%o) (%o)
250 3.2 10.0 0.00 0.0 0.0 -20.0 7.0 -16.8 14.3
5.0
2.0
1.0
0.5
0.2
200 2.0 10.0 0.25 0.0 0.0 -20.0 7.0 -17.4 14.8
5.0 -16.8
2.0 -15.1
1.0 -13.0
0.5 -10.0
0.2 -5.5
150 | 1.07 10.0 0.50 0.0 0.0 -20.0 7.0 -17.1 16.1
5.0 -15.6
2.0 -12.3
1.0 -8.9
0.5 -5.6
0.2 -2.3
100 | 0.75 10.0 0.75 0.0 0.0 -20.0 7.0 -14.6 18.8
5.0 -11.8
2.0 -7.3
1.0 -4.3
0.5 -2.1
0.2 -0.5
50 1.66 10.0 1.00 0.0 0.0 -20.0 7.0 1.7 23.7
5.0
2.0
1.0
0.5

. * = 1000 lnafﬁ#FfHCO; °
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Fig. 6 Carbon and oxygen isotopic compositionsmodel of calcite cements in Zhiluo Formation in

Zaohuohaosandstone type uranium deposit in Dongsheng area
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Fig. 7 Carbon and oxygen isotopic compositions model of calcite cement in gray sandstone in Zhiluo Formation in

Zaohuohao sandstone type uranium deposit in Dongsheng
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Table 4 Simulated fluid composition and temperature
parameters usingcarbon and oxygen isotopic composition of

calcite cements in Zhiluo Formation

itk Xa p MR RBGER ¢ (C)
7&@;&%@ 0.6~0.9 | 1.5~5.0 60~80;100~110
EUWA
RERE | 0.5~0.9 | 1.5~5.0 50~80;90~ 140
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Fig. 8 Carbon and oxygen isotopic compositions model of calcite cement in green sandstone in Zhiluo Formation in

Zaohuohao sandstone type uranium deposit
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Fig. 9 Carbon and oxygen isotopic composition genesis of calcite in cement in Zhiluo Formation in

Nalinggou sandstone type uranium deposit
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Carbon and oxygen isotopic characteristics and genetic model
of calcite cements in sandstone—type uranium deposits
in Dongsheng area of Inner Mongolia

LIU Hanbin, JIN Guishan, ZHANG Jianfeng, HAN Juan, LI Junjie, ZHANG Jia, SHI Xiao, XU Ke
Beijing Research Institute of Uranium Geology, Nuclear Industry, Beijing, 100029

Objectives: The carbon and oxygen isotopic compositions of calcite cements in the host strata of sandstone
type uranium deposit have important theoretical and practical significance for the study of metallogenic mechanism.
The predecessors have done a lot of research work on the qualitative judgment of the source of ore-forming fluid, but
the quantitative understanding of the component characteristics and related parameters of ore-forming mixed fluid is
still lacking.

Methods: The carbon and oxygen isotopic compositions of calcite cements in different sandstones inZhiluo
Formation in Zaohuohao uranium deposit in southeastern Dongsheng area were analyzed, and the carbon and oxygen
isotopic compositions of calcite cements in Zhiluo Formation in Zaohuohao uranium deposit and Nalinggou uranium
deposit in northwestern Dongsheng area were studied.

Results; A quantitative genetic model of carbon and oxygen isotopic compositions of calcite cements produced
by the mixing of two different fluids between the seeping hot brine and the seeping formation water was established ,
and the comprehensive factors such as the source of the two fluids, the concentration ratio of dissolved carbon, the
proportion of the fluids and the temperature of the hydrothermal solution were studied.

Conclusions: Except for a few calcite cements formed during stratum deposition, most calcite cements
precipitated as a result of mixing of hot brine and formation water. Decarboxylation of Paleozoic organic acids
resulted in CO, enrichment in hot brine. The ratio of formation water of ore-forming fluid to hot brine in sandstone
type uranium deposit in Dongsheng area is 0.5 to 0. 9, and the ratio of formation water is more than two-thirds; the
ratio of dissolved carbon in hot brine to formation water is mainly in the range of 1.5 to 5.0, and some of them are
more than 10. 0; the concentration of dissolved carbon in hot brine is high which the fluid is enrichment in CO,.
The mixed fluid temperature can be divided into two main ranges of 55°Cto 80°C and 90°C to 140°C. Combined
with the inversion of paleosalinity and salinity index, it shows that the ore-forming fluid is a low-temperature
hydrothermal mixed fluid of organic and inorganic origin. The carbon and oxygen isotopic compositions of calcite
cements in sandstone type uranium deposits can be used to quantitatively simulate the ore-forming conditions of the
two fluids, such as the ratio of dissolved carbon concentration, the ratio of the two fluids and the temperature of
calcite formation, so as to explain the genesis of carbonate cements and better understand the ore-forming process
from the perspective of ore-forming fluids.

Keywords ; carbon and oxygen isotopic compositions; genetic model ; calcite cements; sandstone type uranium
deposit; Dongsheng area
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