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Abstract: This article analyzes the petrological characteristics, geochemical features, provenance
composition, structural background, and sedimentary environment of uranium bearing sandstone in the lower

member of the Toutunhe formation in the Louzhuangzi area by the methods of geochemical analysis,
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microscopic identification and core observation, and preliminarily explores their relationship with uranium
mineralization. The results show that the tectonic background of the ore—bearing sandstone source rocks in the
lower member of the Toutunhe formation is mainly the active continental margin and the passive continental
margin. The special tectonic background provided favorable conditions for the migration of uranium. The
source of sandstone debris was dominated by neutral igneous rock, and the parent rock was mainly cale-
alkaline granite with a small amount of pyroclastic rock, sedimentary rock and metamorphic rock, which
indicated the sandstone from multi-source nature, and has a good uranium source. The sandstone formed in a
warm and humid paleoclimate and the source rock was strongly weathered. The sandstone is rich in reducing
medium, reflecting that the lower member of Toutunhe formation was in a reducing environment and has good
primary reduction ability. The content of major elements of the sandstone debris in the target layer has the
characteristics of rich alkali, high silicon and weak aluminum, and the ore=bearing sandstone are of lower w
(Si0,) and w(A1,0,) and higher w(Ca0) than those of the sterile sandstone. The difference of component content
in the sand body of the ore—bearing member is characterized by strong clay alteration and carbonate
development. U, Mo and Se are relatively enriched, and other trace elements are relatively depleted except
for Ga, which is comparable to the sedimentary rocks in China. The content of trace elements in ore—bearing
samples of the same borehole is generally higher than that in sterile samples, U, Mo, Se, V, Ge, Ti, Sc
and Y are significantly increased, which indicated that the trace elements in the sand body of the target layer
also have migrated and enriched in the uranium mineralization process.

Keywords: Louzhuangzi; lower member of Toutunhe formation; uranium-bearing sandstone; lithogeochemistry

P - b DX A2 T 9 VB 7R 7 R 2%, 2019 4F
TE% X Sk oI 28 B A b o B Al He T gk,
TR0k T T BRI B b
JUAE K, B 25 B 80 5 B R T, $ l S
W2 % K 24 20 km 555 BV GH B (fk )75
PRSP LR R M I LA D e R 4R
BRSO X P R T A R 3 T AL T
BTN Ry, B — ok 5t 0 e 5 340 I T e P %
A F T I Al 0 B T 4 R il — R
A 2% W B R B R I TR T IR B2 ) 4R
A S 5 W 11 St — i T 42, R E 1Y
e X BRI Tl R A P A B e BT £
AR FE Tl XA T AR 5 0 3 3 3 o6 &
FRTT A A B S 3 — s AR AT
S SR IR PR 0D (A AE R AT
BFST L Ay 3k v T T B bR T A D R 4
AT B R 5 280l B MBI 4 T
B AL Y 23 )40 A 0710 L TR AR S W R 4 M Bk
b2 B A S IR S Ay R R
X Sk o T L B W A 2 A B AL 2
AF 520 B LA R A R ok R v R R B
BT E S BT IR AU MR B R
0 M Bk AL 2 R AT BB 5T L AR SO g e W

B BT M8 E AN R A2 3 B 4 D ik W E E O
DX P Sk T 20 5 D A A M BR AL 2 R K
SR RS 0 A 3 - TR PR R
P BT 5 Bl 0 06 R L T AR A S
Wb A TR U R C A2 S K CO, %
i ARG RL A L DA R oy e 1 25 SR TE
By BARR I . A 5 X 5T il s o
il AT LB B A3 B A

1 REER

THE VES I 4 by % 57 A6 % 1L i Ll T A
KB Z MWW 1S A TE o w5 AR LA W R A
FZR 18 76 30 43 R 4 A Fa 3 et A g Ik T )
L AT R S =R EW ] ZE il
Pt A AT 1 HER S A K 2 A
(fb) s, o R AP 040 1 g o

5 E T X7 F v B R 7 b e 2% LT ST
WA RER P - A R S R RS
A HER FIER LR LENAME. &
o Y] 21 A7 s v L 1) R B VA T AR BT
DX ASE T i FL ) R R 3 (&L La) , 52 1] NE [] {5
R SRR 3, R A A T 107~ 25 2 [A] .

i Y 75 A Sk T T 2 ST EW T AY S R0



51

PO, A MR AR R IE T DK 2T BORGITD BRI S s S 47

ORI A HLR A T 46.92~1199.25 m Z [A] , [i]
W P FL ) A L BT R R A T
39.84~917.43 m Z [f] , V- ¥ JE & 512.28 m, %
A b Ry — Byl A OB, DR BE K, R
AR A 1] b o 3 Ay st s T A oy A
B A ) T =2 T R AR . BARR I A
B UG WA A AU F AR

W2 P B RN A KER s o L BAT
TR DBV (P 1h) o FR DT 0 K
o2y 6 A ] 5 A S A Ee IR A 2 Sk T
AT B MU RS A, TR DX N Sk fr 2 32 2855
R IR R — % h Z2 08 & P s
JRJE &SRR s Wik a MR R A T 70~
150 m Z[8], 55 ] % 7 SE RS 15 kmo

[ [TNTTNIT

0
]

(o] [~ ]- N - N

| 2km’
n] - [l ¢ [ O

B 0 [N e [N v ] w [ e |

‘16 ‘a 17‘-‘18‘\,\12‘19“‘20

1= R; 2—HE AR 3—HIER; 4—HER; 5—HHLAH; 6—5F il 7T—hMmildl; 8—iliad; 9o—="TH;
10—/VHE A N—MEEHE; 12— TR 13—HARL OREE); 14— 15— ; 16—/KER; 17T—HH; 18—

AT 19— 2 PR 20— Tl 4 .

1—~Quaternary; 2—Neogene; 3—Eogene; 4—Cretaceous; 5—Kalaza formation; 6—Qigu formation; 7—Toutunhe formation; 8—

Xishanyao formation; 9—Sangonghe formation; 10—Badaowan formation; 11—Haojiagou formation; 12—Geological Boundary; 13—

Geological unconformity boundary; 14—Fracture; 15—Highway;

point; 19—Stratigraphic occurrence; 20—Industrial ore belt.

16—River syetem; 17—Place name; 18—Uranium mineralization

PRl 1 B 20K 4 3 P % 1 X T g P B Sk L 3T 241 A AR ]

Fig. 1 The geological sketch map of Louzhuangzi area in the southern margin of Junggar basin and the columnar map of

Toutunhe formation
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Fig. 2 Triangle classification diagrams and thin section of sandstone
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Table 1 Statistics of main element content/% of uranium-bearing sandstone samples in the lower member of Toutunhe

formation in Louzhuangzi area

= Si0,  ALO, Fe,0, €Ca0 Mg0 K,0 Na0 PO, MnO  TiO, FeO TFe,0, #IE
A301-3 7294  10.82 1.01 428 050 3.3 189  0.048 0.106 0.139  1.14 2.05 Exa
A401-2  69.69 10.17 074 605 055 267 2.01 0051 0.180 0212  1.41 2.08
A405-3 6462 1208 063 6.1 082 258 263 0.086 0398 0423 216 2.73
A501-2  68.14  9.49 069 7.09 049 376 231  0.063 0.190 0.147 134 1.95
A502-1 69.59  10.11 065 561 052 410 230  0.047 0.056 0.145  1.41 1.99
A503-2 7224 1054 0.71 343 0.61 413 249  0.063 0.08 0.189  1.66 2.30
A504-1 7072 1221 115 296 064 3.05 268 0063 0.022 0269 057 1.60
A601-1 69.18  9.95 067 696 043 262 238 0050 0.066 0255 1.20 1.80
A602-3 7125 1336 074 227 070 3.5 3.06 0.08  0.112 0283  1.41 2.08
A1101-4 7262 1061 089 396 045 2.8 220 0055 0.057 0.162 031 111
1102-3 65.43  10.89 114 7.06 0.67 257 199 0077 0325 0599  0.66 1.68
B {H 69.67 1093 082 507 058 315 236 0.06 0.15 026 121 1.94
A301-2  76.84  10.96 1.47 120 073 278 179  0.060 0.043 0216  1.60 2.92 F
A401-3  71.86 1220  0.88 198 072 287 262  0.062 0064 0232 205 2.84
A405-2 7143 1295 150  1.56  1.07 323 248  0.079 0.041 0380 0.77 2.11
A501-3  75.61 1033 053 2.5 047 430 256  0.051 0045 0.158 135 1.83
A502-2  73.89  11.81 0.66 144 060 429 332 0070 0.055 0237 1.74 2.33
A503-1 75.67 10.85 075 070 0.82 429 217  0.055 0.030 0.225 141 2.09
A504-2 6546  13.87 422 043 124 240 218  0.079 0.033 0661 137 5.17
A601-3 7607 1128 085 099 076 3.0l 231 0057 0.026 0270 1.03 1.80
A602-2  75.64 1199  0.78 126 048 343 276  0.058 0.037 0269 051 1.21
A1101-1 7537 1139 076  1.10 076 2.87 2.15  0.059  0.029 0.302  0.50 1.18
1102-6 7372 1041 0.66 340 061 299 206 0056 0.081 0220 0.70 1.29
A 7378  11.64 1.19 1.47 075 331 240  0.062 0044 0288 1.18 2.25

by TF62031{12€%% R TF6203: Fe+40.9X F¢:203
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Table 2 Trace element analysis results of uranium-bearing sandstone samples in the lower member of Toutunhe formation in

Louzhuangzi area

[ 3= U/10°  Th/10°  Mo/10°  Se/10°°  Ga/10°  V/10°  Ge/10°°  Cu/10°  Ti/10°  Se/10°  Y/10°  #FiE
A501-27 143552  10.32 232,14  6.14 1182 4275 1.60 3026 257891  7.89 5394 &
A602-16  3339.41  4.63 327.83  0.24 13.99 10543  0.63 28.13 123531 446 2445
A502-14 167.30 11.17 20.6 3.54 1471 60.78 1.45 1452  3461.66  6.51  26.32
A1102-9 30.92 5.52 3.60 0.42 1139 46.67 1.00 926 160237 657  23.48
A503-12 22.89 8.79 10.04 1.61 12.61 3858 0.77 10.02 252813  8.87  20.54
A501-14 3.76 4.20 0.40 4.03 9.91 26.28 0.60 837 101890 440 1295 H"
A602-19 3.27 4.77 2.18 0.12 12.15  38.91 0.69 3112 1117.52 524 12.69
A502-17 3.81 5.35 0.58 2.36 11.18  25.96 0.64 5.49 1398.78 422 15.41
A1102-14 4.01 1.32 0.86 8.47 11.81  39.53 0.73 6.64 139845  1.13 3.03
A503-13 3.37 2.53 2.48 1.68 11.94  27.54 0.77 6.25 1459.99 178 5.54
hEPTR 2.00 8.70 0.56 0.11 13.00  54.00 1.70 28.00 2650.00 10.00  20.00
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Table 3 Calculation results of main elements and related parameters of uranium-bearing sandstone samples in the lower

member of Toutunhe formation in Louzhuangzi area /%

HE TFe,0,4MgO K,0/Na,0 ALO,/Si0, ALO/TiO, ALO/(Na,0+Ca0) CaO/MgO (Fe,0,+ALO,) AMgO+Ca0) F1  F2 £k
A301-3 255 1.66 0.15 77.84 1.75 8.56 2.47 599 2.00 &#"
A401-2 2,63 1.32 0.15 47.97 1.26 11.05 1.65 7.14 2.22
A405-3  3.55 0.98 0.19 28.57 138 7.46 1.83 8.46 2.78
ASO1-2  2.44 1.63 0.14 64.67 1.01 14.46 1.34 6.28 4.69
A502-1 251 1.78 0.15 69.52 1.28 10.85 1.76 531 4.52
A503-2 291 1.66 0.15 55.68 1.78 5.62 2.78 431 3.75
A504-1 2.24 1.14 0.17 45.39 2.16 4.63 3.71 5.74 2.59
A601-1 2.23 1.10 0.14 38.99 1.07 16.22 1.44 7.69 3.31
A602-3 278 1.03 0.19 47.12 251 3.23 474 6.31 2.88
A1101-4 156 1.31 0.15 65.32 1.72 8.89 2.61 545 2.26
1102-3 2.36 1.29 0.17 18.17 1.20 10.49 1.56 7.13 2.67
A301-2  3.65 1.55 0.14 50.74 3.67 1.64 6.44 473 (0.43) K0
A401-3 356 1.09 0.17 52.57 2.65 2.74 4.83 6.20 1.40
A405-2  3.18 1.30 0.18 34.13 321 1.46 5.50 455 1.42
A501-3 231 1.68 0.14 65.22 2.20 4.54 4.15 3.12 3.78
A502-2 293 1.29 0.16 49.86 2.48 2.39 6.11 4.03 4.44
A503-1 291 1.98 0.14 48.33 3.79 0.84 7.64 191 2.15
AS04-2  6.41 1.10 0.21 20.99 532 0.35 10.78 6.85 (1.49)
A601-3 257 1.30 0.15 41.74 3.41 1.30 6.90 3.79 0.86
A602-2 1.69 1.24 0.16 44.58 2.98 2.62 7.32 4.07 2.76
A1101-1  1.94 1.34 0.15 37.73 3.51 1.46 6.55 3.49 0.66
1102-6 1.90 1.45 0.14 47.22 1.91 5.60 2.76 4.57 174

T TFe,0, WAk, 1CV= (Fe,04+ K,0+ Na,0 + Ca0 + MgO + MnO + Ti0,) /ALO, ( BAAHEARERME); Fl=—1.773Ti0,+0.607AL0,+
0.76TFe,0,— 1.5Mg0 4 0.616Ca0 +0.509Na,0 — 1.224K,0—9.09; F2=0.445Ti0,40.07A1,0,—0.25TFe,0,— 1.142Mg0 +0.438Ca0 +

1.475Na,0+ 1.426K,0—6.861 2/
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Fig. 5 The ore=bearing sandstone is rich in banded carbonized plant debris and fine-grained pyrite
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Fig. 6 Variation characteristics of main element content in sandstone
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Fig. 7 Clay alteration and carbonation in ore=bearing sandstones
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Fig. 8 Relationship diagram between major elements of sandstone
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Table 4 Statistical results of enrichment coefficient of trace elements

B U Th Mo Se Ga v Ge Cu Ti Sc Y

DHA501-27 717.76 1.19 414.53 55.82 0.91 0.79 0.94 1.08 0.97 0.79 2.70
DHA501-14 1.88 0.48 0.71 36.66 0.76 0.49 0.35 0.30 0.38 0.44 0.65
DHAS503-12 11.44 1.01 17.92 14.65 0.97 0.71 0.45 0.36 0.95 0.89 1.03
DHA503-13 1.68 0.29 4.43 15.29 0.92 0.51 0.45 0.22 0.55 0.18 0.28
DHA1102-9 15.46 0.63 6.42 3.83 0.88 0.86 0.59 0.33 0.60 0.66 1.17
DHA1102-14 2.00 0.15 1.53 76.96 0.91 0.73 0.43 0.24 0.53 0.11 0.15
DHA502-14 83.65 1.28 36.79 32.19 1.13 1.13 0.85 0.52 1.31 0.65 1.32
DHA502-17 1.91 0.62 1.03 21.42 0.86 0.48 0.37 0.20 0.53 0.42 0.77
DHA602-16 1 669.71 0.53 585.41 2.20 1.08 1.95 0.37 1.00 0.47 0.45 1.22
DHA602-19 1.63 0.55 3.89 1.11 0.93 0.72 0.41 1.11 0.42 0.52 0.63
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Table 5 Statistical of CE, total S and CO, content of uranium-bearing sandstone samples in the lower member of Toutunhe

formation in Louzhuangzi area
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He/ME e KAE SH{E e/ IME e KA FEE
Cﬁ/% 0.18 1.78 0.10 0.15 0.12
4 S/% 0.96 3.29 0.35 0.83 0.57
CO,/% 5.79 10.60 0.83 8.51 3.49
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