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Identification of Interlayer Oxidation Zones and Analysis of Uranium Mineralisation Conditions of

the Changjihe Formation in the Hanshuiquan Area of the Southern Margin of the Santanghu Basin

LIN Zhouyang', WU Bailin" ", ZHOU Yu’, LIU Min’, LI Qi', WANG Miao', ZHANG Xiaorui',
YANG Mengdi', LIU Mingyi'

(1. State Key Laboratory of Continental Evolution and Early Life, Department of Geology, Northwest University, Xi’an 710069, Shaanxi,

China; 2. Urumgqi Natural Resources Comprehensive Survey Center, China Geological Survey, Urumqi 830057, Xinjiang, China)

Abstract: The sandstone uranium mineralisation found in the Santang Lake Basin is primarily located in the
Hanshuiquan area, with the ore-endowed stratigraphy concentrated in the Neoproterozoic Changji River Group.
In order to accurately and objectively evaluate the mineralisation conditions and prospects of the Hanshuiquan
area in the Santang Lake Basin, the identification of interlayer oxidation zones and an understanding of the ura-
nium mineralisation conditions are crucial. In this paper, the focus is on the Neoproterozoic Changji River
Group. In order to identify the yellow sandstones, geochemical indexes of altered sandstones, constant and trace
element analyses of rocks and ores, and physicochemical parameters of fluid action are employed. The grey-
green, grey and grey-white sandstones containing minerals or anomalies are considered to be the transition zone,
while the red sandstones and grey sandstones are the reductive zone. The grey-green, grey and grey-white sand-
stones are the result of oxidation, while the red sandstones and grey sandstones are the result of reduction. The
oxidised red sandstones present in this area are the result of primary deposition under arid climatic conditions,
while the yellow sandstones are interlayer oxidation zones formed by post-oxidation and control uranium miner-
alisation. It would be beneficial to trace the alteration front of the yellow sandstone in order to reduce the cost of
exploration. Some of the geochemical indicators provide evidence that this red sandstone is a product of sedi-
mentary diagenesis. This is evidenced by the higher organic carbon (Orgc), CaO, Cu/Al, Ni/Al and Cd/Al con-
tents in the red sandstone than in the yellow sandstone, and the low temperature of fluid action at which it was
formed. The in situ pyrite sulfur isotope signature of the microzone indicates an interstratified oxidized zone
type of uranium deposit. The very restricted distribution of white and green sandstones suggests a weak but hy-
drocarbon-influenced influence. The analysis of tectonic, topographic, geomorphological and hydrological con-
ditions, lithology, petrography and post-generation alteration conditions indicates that this area has certain condi-
tions conducive to uranium mineralisation. However, there are some key deficiencies, including insufficient re-
ductant capacity, weak oil and gas dissipation and the absence of uranium ore enrichment.

Keywords: Sandstone-type uranium deposit; identification of interlayer oxide zones; Santanghu basin; min-

eralisation conditions; Changli River Group; reducing agent capacity
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Fig. 1 Tectonic-uranium geological sketch of the Hanshuiquan area
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Fig. 2 Sketch of the north-south seismic geological profile of the Santanghu Basin
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Tab.3 Data sheet on physico and chemical parameters of inclusions
B B e ¥ —mECC) VK AR E(C) I (wt%) P pH Eh
1 $2022-49-5 142.50 -2.60 4.35 0.96 5.84 0.82
2 $2022-49-6 113.30 -6.50 94 1.00 6.02 0.78
3 $2022-49-1 134.80 -9.10 13.12 1.01 5.89 0.81
WO A

4 $2022-49-4 148.60 -15.10 19.17 1.09 5.81 0.82
5 $2022-49-2 109.50 —24.30 26.33 1.17 6.05 0.77
6 $2022-21 163.40 -8.80 12.78 1.10 5.74 0.84
-1 135.35 -11.07 14.28 1.06 5.89 0.81

7 $2022-25 ARUR S 115.20 -7.20 10.84 1.02 6.01 0.78
I 115.20 -7.20 10.84 1.02 6.01 0.78

8 $2022-42 117.30 -5.10 8.05 0.96 6.00 0.78
9 $2022-42-3 117.30 ~24.20 26.26 1.14 5.85 0.30
10 $2022-42-2 SRR 134.10 —23.40 25.68 1.13 5.74 0.33
11 $2022-15-1 95.70 —23.40 25.68 1.15 6.01 0.33
12 $2022-15-2 132.30 -13.10 17.33 1.06 5.75 0.34
- 119.34 ~17.84 18.97 1.08 5.89 0.48

13 $2022-44-1 123.00 -17.10 20.88 1.09 5.81 0.30
14 $2022-44-2 KT i 101.00 -23.70 25.90 1.15 5.97 0.33
15 $2022-44-3 11830 -2.20 3.72 0.97 5.84 0.30
-4 114.10 -14.33 16.83 1.07 5.87 0.31

16 $2022-47-2 YJERIES 81.60 -10.50 14.68 1.05 6.29 0.73
-1 81.60 -10.50 14.68 1.05 6.29 0.73
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Tab. 4 Rare earth element analytical data for each altered rock

Atk M@ La C P Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 3IREE LREE HREE ;ﬁi (La/Yb)y Eu Ce
REEHE 520026 209 504 517 202 4 106 358 052 294 057 166 024 164 11313 11313 10173 1140 892  9.14 084 L15
AEWE 20229 182 365 432 174 367 097 349 055 336 069 204 031 208 9390 9390 8106 1284 631 628 082 098
FEBE  $20231 245 53 602 24 478 117 439 063 366 072 21 031 205 12765 12765 11347 1418 800 857 077 104
B S20242 148 352 303 12 235 07 223 032 182 036 109 017 LI5 7550 7550 6818 732 931 923 092 121
$2022-12 204 512 519 21 448 L1 437 0.69 418 084 25 037 245 11915 119.15 10337 1578 655 597 075 119
KAAITE  S2022-35 135 319 303 117 225 073 199 029 162 031 092 0.14 092 6944 6944 6311 633 997 1053 103 L17
FH 1695 4155 411 1635 3365 0915 318 049 29 0575 171 0255 1685 943 943 832 1L1 83 82 09 12
202243 214 456 478 192 398 099 399 059 364 076 23 035 234 11029 11029 9595 1434 669 656 075 106
Kegfy  S202244 219 441 471 191 388 099 398 059 368 077 235 036 242 10921 10921 9468 1453 652 649 076 1.02
ADH $200044R 211 447 456 183 377 093 383 058 355 075 227 035 234 10739 10739 9336 1403 665 647 074 107
P 215 48 47 189 39 10 39 06 36 08 23 04 24 1090 1090 947 143 66 65 08 10
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Fig. 3 (a)Yellow fine sandstone of the Tertiary Changji River Group in well ZK98-6U and (b)Yellow clastic medium-fine sandstone

partially impregnated with limonite and silica-ferrite



AR AR = ) 2 DUK SR DX B 7 32 ) S A A R0 5 Bl 2 43 A 253

ZK110-3 S ZK110-4

55 3 4
f’(‘}rf)i ZKI0S  7k110-1 ZK110-6 ZK110-2  ZK110-7
500 Q
400
300 N T
200 X
100
Ix!
0
—100 Jis
-200 I
300t E =Eva
= -%ﬂﬁg‘ﬁg
~400 _o 1000 m Eﬁiﬁ%
~500 x| éﬂiﬁ’/"%
B A
=R

It

B4 110 SERZINEHBDERERNSENLEEY TEE(RRRETFEMRAERSEARFERFTREAAEHD)

Fig. 4 Schematic diagram of mineralisation control in the interlayer oxidation zone of yellow sandstone in the profile of exploration

line 110 (Data from: Urumgqi Natural Resources Comprehensive Survey Center, China Geological Survey)
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Fig. 5 (a) Reddish siltstone of the Tertiary Changji River Group (N,c#) in well ZK114-2U

and (b) Light brown carbonated clastic fine sandstone
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6 ZK116-2U FRGFEHMAE (a) MRFBFZRAN RBERELEEH-HEE (D)

Fig. 6 (a) Grey-green siltstone from well ZK116-2U and (b) Grey-green chloritised, carbonatised clastic medium-fine sandstone

BE7 ZK1162U #RBBMEWE, SLEHEHRT (a) MR KBREELIKB B FRIE (D)
Fig. 7 (a) Greyish-white fine sandstone with minor pyrite from well ZK116-2U and

(b)Weathered carbonatised greyish-white medium sandstone

E8 ZK114-8U #H L RKB AR E () MR BHRERZLARBELERE PHER S (D)

Fig. 8 (a) Grey conglomeratic fine sandstone in the mineralised interval of ZK114-8U and (b) Grey ferromagnesian

infiltrated carbonatised clastic medium fine sandstone
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Tab. 5 Table of test results for characteristic geochemical parameters
) K 25 5 (10°°) G I 45 (%)
FE 4 5 e R - -
U Th orgC xS Fe Fe’
S2022-43 IR A5 20 A 70.8 3.73 0.35 0.239 0.42 0.85
S2022-44 RER e 59.2 9.36 0.37 0.227 0.90 0.77
S2022-46 RN s 93.2 3.58 0.27 0.297 0.37 0.78
$2022-3 KR 5.00 3.11 0.32 0.0262 1.98 0.74
S2022-4 TR A 00 5 5.48 1.21 1.80 0.0280 18.4 5.95
$2022-35 WK Al A 9.25 2.02 0.42 0.576 0.29 0.69
$2022-38 WAt s 2.20 4.07 0.12 0.0399 0.44 2.96
$2022-16 WK A A& 1.50 2.90 0.14 0.0289 0.47 1.54
S2022-42 SRR 21.4 347 0.07 0.0238 0.16 0.74
$2022-6 IR S wb 4.66 6.95 0.22 0.0270 0.36 1.09
S2022-41 KGR 4.10 6.36 0.08 0.0393 0.78 1.41
S2022-49 BN ey 2.50 2.43 0.09 0.0521 0.36 2.88
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Fig. 9 (a)Schematic comparison of XS metrics for various sandstones, (b) Schematic comparison of Orgc index of various sandston;
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Fig. 10 Rare earth element distribution curve
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Fig. 11 Graphical representation of the variation in the ratio of

sandstone alteration type to some elemental

geochemical indicators
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Tab. 6 Trace element analytical data for altered rocks

S Li Be Sc \ Ct Co Ni Cu Zn

Ga

Ge Rb St Y Zr Nb Cs Ba Hf Ta Pb Th

e
EARREe
HEDAE
HED A

$2022-6 147 2.07 623 366 245 437 142 835 272

$2022-9 312 147 112 859 466 139 259 259 o4

$2022-31 217 2 84 547 402 331 193 221 454

$2022-42 1.03 403 207 165 326 942 102 198

$2022-12 363 1.62 126 815 575 183 297 441 69.6

K40

N $0m3s
[

$2022-43

947 117 229 164 736 679 717 457 122

1395 7.445 4895 3243 43.1 1843 2433 409

136 526 369 342 410 275 299 211

52022-44 126 512 384 605 799 402 103 107

IR N

RDH s2022-44r

121 488 356 474 770 382 979 921

13 51 370 474 659.7 353 166.6 136.7

13.7
13.6
143

8.52

9.12

12.06

10.1
9.3

8.85

9.4

0.68 929 336 168 229 828 268 720 552 08 17.7 325 325

0.86 589 336 198 119 724 418 49 3.14 048 1.88 1.88

0.84 957 274 21.1 229 994 38 653 559 086 195 200 2.00

044 788 200 113 786 3.69 233 627 194 04 162 081 0.81

083 63 351 246 183 949 424 349 471 066 122 3.00 3.00

0.54 892 228 9.6 809 412 1.69 800 198 062 137 926 9.26

0.685 76.1 289.5 17.1 131.9 6.805 2.965 574.5 3.345 0.64 12.95 6.13 6.13

0.62 645 328 243 148 624 203 558 3.69 435 156 69.2 69.2

0.61 60 340 26 146 4.65 176 502 3.57 428 145 76.1 76.1

0.58 583 326 251 131 6.8 191 476 328 6.9 148 722 722

0.6 609 3313 251 141.7 57 19 5120 35 49 150 725 725
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Fig. 13 (a) Comparison of homogeneous temperatures at formation of various sandstones, (b) Comparison of homogeneous salinity at

the formation of various sandstones, (c) Comparison of Ph values at the formation of various sandstones, (d) Comparison of

Eh values for various types of various sandstones
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Fig. 14  Sketch of the north-east tectonic section in the Hanshuiquan-Paperhouse area
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Fig. 15 The phenomenon of salt trails after evaporation from

excretory areas
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Tab. 7 Results of in situ S isotope testing of pyrite microzonation

B 5 ] g 87S.r 8”S,.cor 8S.er 8%S,.cor 2SE
$2022-44-4-4 0.008 161 0.046 671 -23.86 -23.01 —44.87 -43.25 0.24
§2022-44-4-5 0.008 172 0.046 665 -23.05 -2220 —45.08 —43.46 0.23
$2022-44-4-6 0.008 143 0.046 422 ~25.94 -25.09 - 49.96 —48.35 0.26
$2022-44-4-7 0.008 127 0.046 428 -27.85 -27.00 —49.84 —48.22 0.24
$2022-44-4-8 0.008 166 0.046 674 -23.77 -22.92 - 44.90 -43.28 0.21

-2 0.008 154 0.046 572 —24.89 —24.04 - 46.93 —45.31 0.23
§2022-46-1 0.008 141 0.044 784 ~28.86 -28.01 - 83.44 -81.88 402.82
§2022-46-2 0.009 055 0.049 971 82.55 83.50 22.57 2431 39.46
§2022-46-3 0.008 235 0.047278 -17.61 -16.75 —32.41 -30.76 0.80

-2 0.008 477 0.047 344 12.027 6 12.913 63 31.090 1 29.443 147.694 52
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Fig. 16 Comparison of sulphur isotopes of microzonally in

situ pyrite in mine ores
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