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Abstract: This paper is the result of oil and gas exploration engineering

|Objective| This paper takes Hangjinqi— Daying Uranium deposit as the research area, and we studied the carbonation type . period
and the characteristics of in—situ micro—zone carbon and oxygen isotopes, providing a new information and basis for the formation
and cause of sandstone uranium deposits in this area. [Methods]|By using the field observation, rock core collection of industrial
hole in ore—bearing horizon, high power microscope observation, electron probe analysis, we distinguished the different stages of
Carbonation(Mainly calcite). The C—O isotope test was carried out by using the SHRIMP stable isotope tracer technology, which
provides a reasonable and more accurate way to tracing the formation process of sandstone uranium deposit.[Results|Both the
mineralization period and post mineralization period of fluid have the source of genetic characteristics by using in—situ micro—area
C-0 isotopes testing method, and the oxygen isotope of calcite shows that the fluid has the characteristics of atmospheric water. it is
believed that the natural gas moved to the north together with the groundwater forming the low—temperature hydrothermal fluid
provided the carbon source. The "calcified wood"—like carbonated calcite in this area is mostly distributed along crystal caves or
penetrated along cracks, and it is obviously the result of natural gas filling along the cracks in post mineralization period. Therefore,
the natural gas— water mixed fluid effect can be extended to post mineralization period, which has the effect of superimposed
enrichment and mineral preservation. [Conclusions]The application of electron probe, SHRIMP stable isotope tracing and other

methods provide the core technical guarantee for in—situ micro—area stable isotope tracing, and provide an effective test method for
the fine study of the characteristics of ore—forming fluids.

Key words: carbonation; in—situ micro—area; sandstone uranium deposit; SHRIMP SI; carbon and oxygen isotopes; origin of the
deposit; oil and gas exploration engineering; Ordos Basin

Highlights : In—situ micro—area stable isotope test method was used to study the C—O isotope characteristics of calcite on the basis
of distinguishing carbonate stages, in order to trace the genesis of the deposit. Compared with previous C—O isotope tracer work of
mixed samples, the reliability and accuracy of the data are improved.
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Table 1 The sample list of uranium mineral C—O isotopes
in Daying—Nalinggou area

e 5 i S E i [X
ZKD208-23-2
1 ZKD208-23-2  ykIREGHOhib 4 K&
626 m
ZKD112-47 3
2 ZKD112-47 YISRER itF s K&
581 m
ZKD96-31-1 3
3 ZKD96-31-1 RKEE O A K&
669 m
D031-6 3
4  DO031-6 R ARCE S K&
575m
ZKN16-56-1 FF
5  ZKN16-56-1 KA b eS|
413 m
6 GHM-1 LR FNG|
7  GHM-2 BELA 78
8 GHM-3 LR )

YERNIE S 9. 22k, Sk e Ie
BCR B LA I E R, 7E 120~300°C | 350~
450°C R BRI G ; 454 7 5 2 20 2 h R AR itk
RS, UURH A Y B S IR AR E A

S, D PR RS T R
5 SHRIMP {{z#liat

AR YR A DX A B 4 ) o7 3% T3t 7 1A SIF )
LR A M ERBL2E 2 BE R AT, (O AR X A AR (R 7
2R 7% I A e ] R 451 4 B9 SHRIMIP ST [l 37 2% I AY
HEATI IS E B M = Y g A
US> 2H )8 (18 6) . SHRIMP B AT B 43 WK i R
RO RORG B ol LA R M R A AR T B4
W A=A 2R B R, — T bR T R ARk
Ay I AR TPRE s LTS R AT REE , 55— T
B T SR AR oA B O R TS Y R
FE4E 2012 4R 55, 2018 5 AR 45, 2019)

SHRIMP ( Sensitive High Resolution Ion Microprobe ) ,
R o HER s R, 2 BERE X R i A TR 43
BT SRS, D B2 FH 40 (O) B4 (Cs ) A by 5 1R
XA 10 ~ 30 pm PEF T oRBEZE T , B S B R I
() B G R B TS SGHEA T 40T , AR YR AN W]
oK 2515325 (AFRKAT 55, 2013)

R2 WM MR TR ATER (%)

Table2 Uranium mineral probe date (%)

5 FEf S W4 F Si0, MgO Na,O ALO; P,Os KO CaO Y,O; TiO, La,O; Ce:0: FeO PbO UO, Yb,0; MnO Total
1 7ZKD96-31-3 Wi 16.75 0.04 0.04 125 0.11 0.00 2.06 0.00 0.15 1.43 1.09 0.09 0.09 69.56 0.00 0.11 92.78
2 ZKD96-31-4-1 W4 16.17 0.03 027 135 0.13 0.11 2.61 022 052 1.00 2.59 023 0.04 67.91 0.09 020 93.52
3 ZKD96-31-4-2 W4T 19.40 0.09 0.16 1.45 0.09 0.17 1.67 0.00 037 132 202 0.10 0.05 66.97 0.00 0.16 94.00
4 ZKD96-31-5-1  WiEe”™ 17.16 0.03 0.06 1.18 029 0.00 1.66 0.13 0.00 0.85 1.53 0.33 0.16 69.82 0.10 0.18 93.55
5 ZKD96-31-5-2  WFHE 17.64 0.03 0.06 1.30 047 0.06 1.17 0.00 0.00 0.66 122 0.36 0.00 69.48 0.08 0.15 92.67
6  ZKD96-31-9-1 BiF 22,57 0.00 030 1.72 0.1 0.12 1.60 0.16 0.31 0.94 228 0.14 0.00 61.15 0.00 0.09 91.51
7 ZKD96-31-9-2 HiF5 2070 0.05 0.16 1.61 0.15 0.07 1.99 0.41 0.15 1.21 2.44 0.13 0.07 6520 0.00 0.01 94.43
8 ZKDI112-47-18-1  #lifs  20.87 0.06 0.06 1.69 0.56 0.09 1.18 0.56 0.08 1.24 3.55 1.60 0.30 64.12 0.00 0 96.02
9 ZKDI112-47-18-2 IHF4HH" 19.40 0.00 0.09 1.41 058 0.08 0.99 027 031 051 3.53 1.69 0.19 66.67 0.00 0 9597
10 ZKD112-47-18-3  4fifi 2148 0.00 0.63 174 0.67 0.14 1.47 057 031 095 2.78 1.07 0.03 6544 0.00 0 97.33
11 ZKD112-47-18-4 47 2233 0.03 049 1.82 0.59 0.19 1.53 0.60 0.15 1.06 2.81 0.73 0.09 6535 0.03 0 97.85
12 ZKDI112-47-18-5  4fifi  20.66 0.00 0.17 171 0.71 0.15 0.96 0.51 020 1.19 2.87 1.13 0.04 66.15 0.00 0 96.50
13 ZKDI112-47-18-6  4lii  21.41 0.03 047 178 0.58 0.19 1.43 0.41 0.07 0.85 3.18 1.07 0.15 65.66 0.10 0.03 97.46
14 ZKDI112-47-18-7 s 21.93 0.05 0.78 1.87 0.57 0.24 1.56 0.73 0.00 0.62 2.78 0.92 0.20 65.56 0.00 0 97.84
15 ZKDI112-47-18-8  Mlis 2329 0.07 055 1.68 0.58 0.09 0.91 0.56 0.20 0.66 3.39 1.78 0.12 62.66 0.00 0.01 96.58
16 ZKDI112-47-18-9  #lfifs  21.18 0.02 037 1.77 0.66 0.12 1.47 0.59 0.15 0.35 3.39 0.22 0.06 66.94 0.00 0 97.40
17 ZKD112-47-9 Wi 17.69 0.05 0.04 158 038 0.12 145 0.52 0.30 039 1.73 0.01 0.00 69.19 0.05 020 93.69
18 ZKDI112-47-16-1 Wi 19.13 0.01 0.02 147 027 0.08 126 0.63 0.54 031 2.05 049 0.08 64.55 0.09 0.14 91.12
19 ZKDI112-47-16-2 WiEH™ 19.55 0.02 0.04 1.69 031 0.10 1.67 0.63 0.00 047 2.00 0.54 0.00 65.02 0.03 0.05 92.12
20 ZKDI112-47-20 HiIFF 2012 0.03 0.10 1.68 0.52 0.16 1.31 0.96 0.07 0.27 0.00 0.01 0.00 63.49 0.06 0.05 88.89
21 ZKNI16-56-1 &40 15.08 0.01 0.07 0.69 043 0.08 1.74 1.58 2.09 0.54 1.23 0.70 0.00 61.07 0.01 0.05 85.36
22 ZKN16-56-2 W& 1540 0.12 0.03 0.71 0.40 0.12 1.82 1.85 020 0.19 1.17 0.30 0.00 68.47 0.00 0 90.81
23 ZKN16-56-3  WiE4hs 1548 0.07 025 0.77 0.48 0.09 2.01 1.85 0.03 0.31 0.00 0.07 0.00 6542 0.15 0 87.00
24 ZKN16-56-4  JhTHH 1554 0.13 034 0.78 045 0.06 1.83 1.70 0.08 0.39 1.58 0.56 0.00 6523 0.00 0 88.75
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Fig.5 BSE images of pyrite and uranium minerals
a, b, ¢, f, h—Mineral assemblages of coffinite, pyrite and calcite; d, e—Mineral assemblages of coffinite and calcite; g—Mineral assemblages of calcite

and feldspar
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Fig.6 The component of SHRIMP SI
a—Sample room; b—Mass spectrograph; c—Magnetic field;d—Electric field
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Fig.7 SEM images of "calcified wood" and analysis result of energy spectrun
a,b—Calcite standard sample; c¢,d,e—SEM images of calcified wood; f—Energy spectrum of SEM in the "Calcified wood"
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Fig.8 Sample target of calcite and microscope full view photo of probe sheet
a,b—Sample target; c¢,d —Microscope full view photo

BEALAR A, U W IS 45 b 5 h 5 i A 104, 4
] v 2 Al 25 5 L PDB M #51E, SMOW 5 PDB 22
S ES N

5" Osvow=1.030918"0ps+30.91

5" 0pps=0.970026"* Osiow—29.99

R DS KO RO A 4
O B S R R b Bk (%3, 89, &
10) 7 o

AR A DX DA 0 3 AR SR 1) 3 A R O (]
1)« AT 30 J7 il A7 6°C AR AL 53 501 2 — 14.17%0 1
0.86%o , V- 27 {5 K — 6.93%0 ; 0" Osvow 1% 18 73 W] J&
18.43%0 1 14.06%o , ~F- (B2 16.02% 5 AT 191 Y 45
A 6°C Al 2 — 11.02%0 Fll — 0.24%0 , - 34 1

~4.07% 5 8" Oswow IR AEL 53591 47 18.35%0 F1 20.3%o ,
S HE R 19.07%0 5 B 5 /9 45 i /0 5 6°C 7E
= 12.11%0 ~ — 1.18%o , V- 2] {H — 5.41%o , 6" Osmow 7F
14.05%0 ~ 21.66%s, “F-34{H 18.22%0.

IR AR 07 28 43 A0 R AE 1T LB B B 19 fi
YaIN O ) =W SN R ) e SR e N T d iR A
KA NARRL, T =P i F b oA [l — A
YEHRRIE, 8°C B R Tz, /T RABEIKIY 6°C(—
HEAE—T%0) , i T LT Y 5°C (= 18%0~—33%0; Mack
et al.,1991) , Ui B J& AR K RN ML I [T 4 1)
2R AP AIVE A XD il e st A2 v
) —FAFIE

I8 32 X7 F5 A g AR 2 A 34— i B i

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(5)



55498 2 5

VEREASE - S0/ 22 ST 2 MR o R B e i i S ) o R R AR IR A L A HIRFAE 1583

&3 AMALFBAE R T A SHRIMP fix . & G = 47
Table3 SHRIMP carbon and oxygen isotope data of calcites in different periods in Northern Ordos basin

5 s R AR 0" Cron/%o0 0" Owon/%0 6" Osviow/ %o 2 1E 8" Osviow 7K /%0
1 ZKD96-31 -4.63 -12.11 18.43 -4.84~6.49
2 ZKD96-31 -10.51 -15.88 14.55 -8.27~2.61
3 ZKD96-31 -14.17 -15.17 15.28 -7.99~3.34
4 ZKD96-31 -4.74 -12.46 18.07 -5.2~6.13
5 ZKD96-31 -4.73 -16.35 14.06 -9.21~2.12
6 ZKD96-31 -7.00 -15.22 15.23 -8.04~3.29
7 ZKD96-31 & 2172 -14.97 15.48 -7.79~3.54
8 ZKD96-31 -9.60 -15.56 14.88 -8.42~2.94
9 ZKD112-47 z}; 0.86 -14.30 16.17 -7.10~4.23
10 ZKD112-47 ” -2.06 -15.26 15.19 -8.08~3.25
11 ZKD112-47 -13.67 -15.46 14.98 -8.29~3.04
12 ZKD112-47 -10.18 -12.48 18.05 -5.22~6.11
13 ZKD112-47 343 -12.90 17.62 -5.65~5.68
14 ZKD112-47 2723 -13.81 16.68 -6.59~4.74
15 ZKD112-47 -1.13 -13.15 17.36 -5.91~5.42
16 ZKD112-47 -9.28 -16.06 14.36 -8.91~2.42
17 ZKD208-23 -11.69 -13.55 16.95 -6.32~5.01
18 ZKD208-23 159 -3.06 -16.36 14.05 -9.22~2.11
19 ZKD208-23 i -5.36 -8.98 21.66 -1.61~9.72

20 ZKD208-23 b -2.68 1111 19.46 -3.81~7.52
21 ZKD208-23 J& -5.64 -12.31 18.23 -5.04~6.29
22 D031-6 € -12.11 -12.44 18.09 -5.18~6.15
23 D031-6 I -9.31 -13.33 17.18 -6.09~5.24
24 D031-6 ) -1.18 -12.01 18.54 -4.73~6.60
25 D031-6 sy -1.43 -11.63 18.93 -4.43~6.99
26 D031-6 -1.67 -11.47 19.09 -4.18~7.15
27 GHM-1 % -1.38 -11.80 18.75 -4.52~6.81
28 GHM-1 - -4.49 -11.66 18.80 -4.47~6.68
29 GHM-1 0 -5.49 -12.06 18.48 -4.76~6.54
30 GHM-2 1.98 -11.75 18.80 -4.47~6.68
31 GHM-2 E -11.02 -10.29 20.30 -2.97~8.36
32 GHM-2 (%% -3.61 -10.77 19.81 -3.46~7.87
33 GHM-3 e -4.37 -11.25 19.32 -3.95~7.38
34 GHM-3 A -0.24 -12.19 18.35 -4.92~6.41

BHL, 2 M DX AT T A [) ek B ) A3 2, 5 — 1R
JFE X [H]FE 45 ~ 60°C , & H i iA , P34 53°C, A& T
T 2 1) A 1A R (T IR 5 5 R
& X [8] 7£ 140 ~ 180°C , Ay fI% I #4314 , - 1
160°C , Z 3 AR 32 T il S FEBUE T B3R
RGBSR R A AR B
X 7 il A R OR SR AL AR R 25 SR 301, 1oty A B AE
BOR ORI Y Ll 90 ~ 160°C , 5 4l 45 1 1 T
R IR IR A 45 S A — 2, A N A R R
[ RARSAE R A 2 46 TR S A 4 =
TEEE T IR A R K PR i AR SR A T IR

(A PRIE” (RIS ,2014,2016)

O'Neil (1969) £t T H RT3 5 7 fif 2 P 1)
TR R R A R, B 6°0e—6"0 =
2.78%10%/T°~2.89; J5 fifi £ ¥ b A W HA I AR I A iR
B :53°C . 160°CHK I 5, fiff A S IR 4 28 20 R H
ARSI A AR, 43 ) S5 5 e - A 114 A
)40 28 41 A% (8 1) < B 7 i A0 I /K AH A4 6°0
(B A5 A6 4 —9.21%0~6.49%0 , 54 1 J5 7 A 1Y)
JKAR AR 60 (B AR 1L BBl 7E —9.22%0~9.72%. , 551k
ARIKAR AR 51O (B 25 A0 Bl FE —4.52%0~6.81%00 i,
3017 it A KRR I AR I BB 1 I i KRR i A
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Fig.9 Photomicrographs showing denudation pits and 5*Ogyow, 6" Crps values of the "calcified wood"
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Fig.13 The carbon isotopic type comparative curve diagram of oil seepage and Cretaceous hydrocarbon source rocks in northern
Inner Mongolia and calcite vein (crystal) in Zhiluo Formation
1—Inner Mongolia K, surface oil sands;2—Tu Dong 1 well P, condensate;3—Cretaceous coal;4—Permian mudstone;5—Ordovician mudstone;
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