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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The Nalinggou uranium deposit is one of the most important uranium deposits in northern Ordos Basin. Identification
onthe provenance of uranium bearing rocks is of practical significance for deepening mineralization and prospecting
prediction. [Methods] By means of petrology, heavy mineralogy, geochemistry and sedimentary facies analysis, the authors have
identified the provenance of the uranium bearing rocks from the Middle Jurassic Zhiluo Formation in the Nalinggou uranium
deposit. [Results] The uranium— bearing rocks are dominantly composed of medium coarse arkose. The clastic components are
feldspar, quartz, biotite, debrises of granite and metamorphic rock, etc., with medium to poor sorting. The clasts are mostly angular
and sub—angular, and a few are sub—rounded, with poor to medium roundness. The distribution of heavy minerals is extremely
uneven, in angular, sub angular and sub rounded shapes, with poor to medium roundness. The ZTR (zircon+tourmaline+rutile) index
varies of 2%—10%. The tourmaline, spinel, anatase, amphibole and carbosilica are distributed in clusters.The extension coefficient
of detrital zircon is mainly in the range of 1—-2.2, followed by the range of 2.2—3.2. The rocks exhibit similar chondrite—normalized
patterns with great elemental variations among different samples. The ZREE, LREE/HREE, and La/Yb values are in the range of
104.75%107°-283.86x107%, 0.13—0.47, and 9.60—32.66 respectively. The uranium bearing strata exhibit highly thick sand bodies. In
the mining area, the sedimentary facies extend synchronously from the northeast to the southwest. [Conclusions] In conclusion, it is
generally considered that the uranium bearing rocks of the Zhiluo Formation in the Nalinggou uranium deposit is mainly proximal
provenance, with a small amount of distal provenance. The sourced rocks are the pre—Jurassic bedrock area exposed at the boundary
between Shaanxi and Inner Mongolia on the northeast edge of the mining area. The rock types include Archean gneiss,
Paleoproterozoic Khondalite, magmatic rocks, Paleozoic magmatic rocks, sedimentary rocks and Mesozoic volcanic rocks, of which

the khondalite belt provides the most important materials.

Key words: Nanlinggou uranium deposit; uranium— bearing strata; erosion source; near— source deposition; mineral exploration
engineering; Ordos basin.

Highlights: The erosion source of uranium— bearing strata in the middle Jurassic Zhiluo Formation of the Nanlinggou uranium
deposit, Ordos Basin, is metamorphic, magmatic and volcanic rocks at the junction of Shanxi—Inner Mongolia.
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Fig.1 Simplified geological map of the Dongsheng uranium orefield
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Table 1 Grain size analysis of uraniferous rocks in lower member of the Zhiluo Formation from drill ZK23-16

5 ERE WM A =2 1.0~20  05~1.0  025~05 0.1~025 0.05~0.1  <0.05 %
HHRR R il LY 4t Ll 4t i
1 15nZK055 372 521 3 126 344 46 2
2 15nZKO057 399 528 14 264 236 14
3 15nZK069 383 512 3 76 316 117
4 15nZKO058 404 520 3 93 373 51
5 15nZK070 407 107 3 18 23 37 26 H
6  15nZK072 429 539 31 243 225 40
it 2727 3 52 362 1061 1136 111 2
EEA1/% 0.11 1.907 13.275 38.907 41.657 4.07 0.01
7 15nZK040 418 527 17 173 261 ) 4
8  15nZK041 419 534 3 17 163 262 82 7
9 15nZK043 421 539 4 72 272 168 23
10 15nZK044 443 524 8 96 259 150 11
11 15nZK045 444 528 23 239 243 21 2 )
12 15nZK047 446 539 14 237 231 56 1 ({
13 15nZK049  -447 533 5 173 286 66 3 =
14 15nZK051 449 523 2 134 263 103 18 3
15 15nZK052 450 510 84 260 149 15 2
it 4757 0 36 853 2146 1458 246 18
ELA51/% 0 0.757 17.931 45.112 30.65 5.171 0.4
16 15nZK073 454 519 8 102 233 146 24 6
17 15nZK064 472 518 22 218 182 64 32
18 15nZK065 475 540 3 54 202 180 80 21
19 15nZK068 500 514 2 35 240 177 43 17 =
it 2091 0 13 213 893 685 211 76
ELA51/% 0 0.622 10.187 42707 32.759 10.091 3.6
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0.58%~4.26% , F-14 2.18% , TiO, & 1+ 0.18%~0.80%,
F370.50% , HARER 6 ERRRIE , 10 BH PR X H

FepE GBS A . CaO & 0.62%~18.50% , F-
i@270% ULV R R T R — T 5 A,
K.O 2 it 2.21%~3.65% , ¥4 3.07% . Na,O 7 it
0.71%~2.34% , F71.51%., K,O/Na,OfH 1.41~4.41,
KF 1, 0B HA ok A sl bl & RS . ALOY
TiO.{H 19.25~44.68 , Z 4 T 19~28 , FHA I X A A7
FERK TS,

I FH Si0, —K,0/Na,O #4 1% ¥ 455 H1 5] ] (Roser
and Korsch, 1986) , & & & V8 %k (15nzk070.
15nzk074) . 85 i LB 75 (15n2k078) b, 843 FE i
(15nzk053 . 15nzk056 . 15nzk057 . 15nzk078) 7% A I
B K Riih %, HoAh v A5l KB4 . 7F Bhatia

(1985) TiO,—Fe,0;+MgO H A 4 4~FE i (15n2k059
15nzk065 . 15nzk069 . 15nzk079) % A K i 7 N 244
UG 2, 1R (15n2k075) 78 A K BE 20K,
1 (15nzk053) Y AR o 51 1] s Bl ot )58
XS] b A b ) s B B A G A 2, e L 3 Uy
SR B KRG R s KBt ih 2455 (K1 4) .
REE B A 78 7 o 72 b 2z ol 2 B AR/ AR
FE M ER Ak 27 M T, T FH Ok 4 7 AR B 5 e AR
m, DUBGFL ZK23-16(418~450 m) AW (F£6) , A
REE Bt 73 #h e A4 (0, Ak S L, 845
T (K 5), 85 & HREE | A #1345 4
A K, 32 2R R AR R R FE 5 15n2k47 |
15nzk48 £ H A KB 5 9 ERRL Bt A1 b 1 £k Bh 26
15nzk40 . 15nzk 41, 15nzk4?2 J& 2255 B h 28, o4y
JE 1% B i 2R AIE , 22 BH Pk R DX BE A AA) 1 R 5% L
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Table 2 Compositional maturity index of uraniferous rocks in the lower member of the Zhiluo Formation from drill ZK23-16

R2 $FLZK23-16 EF BT IR SHERH DM AEEL

. ) N F Q

k5 A PN Y EE 2R Q/(F+R)  F/R
15nZK040 KA R A 418.5~419.5 55 25 6.0 0.41 9.17
15nZK042 KA R 419.5~420 55 25 6.5 0.41 8.46
15nZK043 KT ARG AR 4 420~421 40 30 120 0.58 3.33
15nZK044 TR A S 443~4435 45 35 110 0.63 4.09
15nZK045 IR R A IS 443.5~444.5 45 35 6.5 0.68 6.92
15nZK046 KRG RRL KA A 444.5~445 45 35 8.5 0.65 5.29
15nZK047  IR& I fRAIRATRIRK AR S 445~446 45 30 65 0.58 6.92
15nZK048  KEEJT AR FRBL KA S 446~446.5 40 35 9.0 0.71 4.44
15nZK049  KEEIT AR FRIB K Ab S 446.5~447 45 30 85 0.56 5.29
15nZK050 &I ARG PRI AR S 447~448 40 35 125 0.67 3.20

F B S R S A2 SRR i A

YREE % & 104.75%10 °~283.86x 10 °, La 7% &
24.3%x10°~55.5x10°, La/Yb {i 11.11~32.66, 2 HH fh
PRI EA KRGS G Sl shih Rl o a
I A%, AL R — 2 (GREESF,2020b) .
4.4 FhRS TR4FIE
4.4.1 BpR BB AR BT

AT B R SR AR — g VU ) SR A, D
KRR AR AN, £ 7 120~140 mo, HP EBHT
BEF W BEAD RS B — A 60~100 m (& 6) . Hirr,
JERE=60 m AP ARLENIS I X3 A0 THFLK,
ERAR/NT 60 m B IR RIR , Sk 1T Ab AR~
A PG ) oty g ) /IR B

N A R a7 NE A NS o R U N
69.5%~100% , “F-141E 96.5% , 73 A KA 55 b A J5E
FHRLCE 7)), S RP R LR K R RS R A AR~
FPE ] AT RS SRR S R A
WA RER G, S T LA GE Ty ) .
4.4.2 ARARSEAE

YR I A b DX TR R A G L AT BT B
DUBUHE (& 8) s , Pl X Jetkimr = A 3z i
DA B G AR A I BT SR — g Sk A A, [l S 7Y
[r1] (AT I — P 4 3 R V% B KT A, 23 1R 43 A
AR 1T AN 2R YR T G G [ A SRR T AR R AR
4,2008) , 4878 T —Fh L 7R 2 R P 5 1) B oy b S
¥ i ¥ 5% (Himadri et al., 2021; Beverly et al.,
2022) . ZEHBART BRI G — e Sk A — R KIS R
DX, B [ g8 YA — IRV L T — RS IR S TR

SEERA] T R TR IR AT D 4 i B I T = A
FEJE  R—SE AL s DTRRTR —TE R 4
U4 YA A T A T AT A5 SRR T A A A SRR
WA TR RARSE(2020) (5K 2 %5 (2022) #R4 3200 11
ol FLESCHE 22 2 o) 1) 50 2% 22 39 2k L0 B0 5 4
S0 PR = st S A A (s IS YA L IX L AT
BB AR B, v B s —e R — = M AR
AU 5 1% 0 Hir B Ml X ) VY R 7 1) R A .k A 4
(2008 ) T 11 4 B tHe Sk o7 e i o Sk A L IX R
A P ORA BT R IR R ik & HP AT
BEERIRITURA , B8 4 B B 2e i 41 3R A AR
S R TRRAR — S, AR 5 W — 3k, R
YRUA TR X B A R EYIEOR [T LR A
JRIX, HAT R B 453
5 1 ®

— BN, ZE TR R 1T A 2k ik
J5 DX, TR X A A A AR R L 29 T 2t
R 0 A3 (S50 AR A fRRRIE o RIS, 72
PRt T A3 R B b TR A Bt 05 X )
RIS AR, BARMIRX i kiR E R 2
2 FAS TG #5417 LA—ICPMS B AEAE y— W f 3 F
B (Zeh and Cabral, 2021) . {H 3 24 04 74 &l 47 X 11
& UUBUHESE , 20 A1 T AU &2 100 k', JEJE nx 10
m [ EP N B RN SRR 2 A i 2 5
— X BERI B =4
5.1 ¥R E

Xt F AT IR 53T, 5 2% Bin)2
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Fig.5 REE chondrite—normalized patterns of rocks collected from
the lower member in the Zhiluo Formation from drill ZK23—16

57 B JE 5 44 LA—ICP—MSU—Pb 4E #1471 i ol I X
(75 36 (I T8 %5, 20165 R EN 4, 2017; 75 JF 5245,

2017; BT #5445, 2020; Zeh and Cabral et al., 2021;
Yu et al.,2021) , Hutf5 TiFL2db . sahidym e IR
HP AW REE, 57 R4 (2015) L) 2 55
(2016 ) i3 4fs 4y 3 1 DX T AL FL AN B SR 87 L5 B,
S T ARG I BT E A R BT T
VR B L — ] S A IR LA P — R AR 0 iz =
T 3K IR AE(2016) K BURE —NIE A A X A
PP A LA-ICP—MS i JE #5417 U—-Pb 4% £ 4L
H1 7E 251~308 Ma, 322~354 Ma, 1529~2182 Ma,
2200~2632 Ma; FREDSE (2017 ) MR 4G 498 Y8 il 7 1 2
20T Bt LA-ICP—MS % )5 £ 41 U-Pb 4 #3(2479+11)
~(2460+19) Ma. 2300~1950 Ma . (1896+21)~(1820+
32) Ma.316~266 Ma & 165 Ma, fir #3222 (2020) f
It 2P0 Tl B L 4TS 1) 3 AR e B X L AR B
LA—ICP—MS f# J8 &5 1 U—Pb 4% 2200~2600 Ma
1500~2000 Ma ,280~248 Ma 157 Ma, YA N 441414
Mo X B IR E R A A AL R E I — 5
7L b DX 1 38 T RIS IR 4

N10

90 100m -/ 4
[ [

Pl 6 ZAIE TR EET PR B2 4T BE N LB AR B A5 15T (F A% Tl 208 JCBA®, s )
15l fL B 5 s 2— MR K 5 s 3— DR AR (A 4— ik Ui )
Fig.6 The sand body thickness contour map of the lower member of the Lower Zhiluo Formation in the Nalinggou uranium deposit
(modified from CNNC No.208 Geological Party®)
1—Drill and number; 2—Survey line and number; 3—Sand body thickness isoline; 4—Ancient flow direction
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SRR 22 W 5 M AR AL AR b A iR R AR B A (Cab)
(309~440 Ma. 1687~2669 Ma) . N &4 KJHEH
(Pyt) (310~390 Ma,781~901 Ma. 1803~2669 M) . F
141 8 Bt (2200~1800 Ma ., 2600~2320 Ma £l 390~
310 Ma) , - = &4 A T &4 (Pis) (276~421 Ma,
803~839 Ma #1 1718~2583 Ma) (§f43F-4,2014; Jii
LLZE4E,2020) , NS R T L oo i AR KAk
524 (1933.349.8 ) Ma (5K F 1545, 2016) . N 52 i ATk
— K — A AE B A (1923~1958) Ma (5 i 45 %
2016) (AT FERZE A I, BT HL X 5 K e (267.2~
272.1)Ma(FZFEF 55 ,2016) , LRI P T R —H AR 7
H R R ZH (N—8) i JE 5 A7 (303~320 Ma) (2L i
2009)  KIIFEE A ((179.2+0.79) Ma) FINEE K Fibikiz
AR ((160.620.55)Ma) ) (Z=HR 245, 2015) 45, 1)
FHSRIR Z W A A0 2 NS i 5 1L pE A Bt Ab 58
S HLAS 1) B SRR A S B A e

2RI SR IR 22 3 A M b S T 2 4 R A 4
TR WS RS g P A R B S A
(Jioow) S I o 5 el PR P TR DL A (Doe ) 240
#1334 (Bradley et al., 2001 ; 5 F M4, 2010 2 F4

DA S L P (H A% Tl 208 JCBA® , W 150
1—5 LR G5 s 2— BDARER B 5 s 3— S DR GEHER  4— il i )
Fig.7 The sand percentage isogram of the lower member of the Lower Zhiluo Formation in the Nalinggou uranium deposit
(Modified from CNNC No.208 Geological Party®)

1—Drill and number; 2—Survey line and number; 3—Sand isoline; 4—Ancient flow direction

45,2020 i BE S5, 2022) , AR LLZR T 1SR HiL X
N R G A (A R R SE, 2016) , AL B
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Ko MR R 22 2 MG N RY R b2 (B 1EAH
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TRAHRER .
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