%38 &

20224 11 A Uranium

56 fh o

oo R
Geology Nov.

Vol. 38 No. 6
2022

DOI1:10.3969/j.issn.1000-0658.2022.38.099

BRFECHXBEREMT Kah
M EK 4L = R AE

ER AW EARE R, DA ERE,
BFELHEE

(1SRN A €0 4 T8 AV Tlb b S B 25 Jmy A o U R 2 e, 5 JH SR B 5500055 2.1 2%

B ZVTE AR, Ui

M1 5543005 3.0 R 2A B ERIL AW FT T B R M Bk fb 2 R 8 i 5 SRR %8, SN BEBH 5500815 4.+ [ R}
R K2, JEET 100049)

[(FZE] BARCMX) ZLFREREROER, CRAZA /LT MPRICE B R, NHI
HO I, SCREBE O A LR BRI A A L SRR e S Y R Y S R 2 2 i 2 ) T R
RYURKE, BEAT AT HUIRAL AR IE . 0T 45 2R R B R AL RE T | W R A B AL e o 0 A
A F il P00 SRR IS PG Z I 1) Fe,04/Ti0, . ALO,/(ALO,+Fe,0,4+MnO). Zi/Hf. Y/Hoff, LAKARX -
FH LR BC M, 7 4 M X B AL T 52 R S S R B L AR DO R, A
Or SZ BV IR s GRS . BEHCAE IR FUCE BA R SUME (>1). fRThUME (<2). & VAV+NI)
i (>0.6) WL Ce fAS2H, HE— 2 RWIX LT M SUs BOE T 308 -SAN R R B . 225 70 B
AT Rodinia # K Bl 2407 , 32 K XUIL AN P I RV T, 103 JOAR F F T AT IE g /K 35T

AR IS PO VE FHTR A R i) &5 Bl B s o
[REIR] MOIK; Bids; BE4H; #H

[XEHS] 1000-0658(2022)06-1137-15 [HE4FZES] P595; P619.14 [XEkFRERG] A

(4 e B IR R (2016—2020 4F ) )
15l AN X 30 Sy s MR R, AR B
% LR AR AR 7 A A A 2 L R
M2 R R R A IR R E R
Bl PR S R0 v 7 1 o ) Sk e e
WA AR B R A2 Mo (Ni LV Ml REE+Y 55 £ Ff
A2 AT T PN SN R R (E 35
F il e v il 5 4R o0 I i AR, B
L REAE R Wl TR SR 0 R L TG B A
rh gl Y B AR LT HIL R A ISR AN S IR

SEM A B B R, EROE T
e ELAH 5 R R e B S il o
HSEKTZEANEAIRBOSRA XK.
REROER)ZMETRES Tk B
K f b AN AR L B, 32 R R A LR BT 0
R BUE FBEHUA S SN E R B
S I 55 ol W e s B R T e T A AL
FIAAR G R = 0 A 140 300 55 3t X710

B R IX Tz kR R Ay
£, O R BUINB BB AR Sk AF 2 A /N

[(HE&TB] H bR s 4T H (455 trxyDH2106); ERHRFRAILESTH (45 U1603245);
B FEIM A LSS EH (45 : MCHC-2G20212206-2) BA @D,

[WFmBE] 2022-06-13 [ EIHEA] 2022-07-21

[MEZEBA] £330 (1985—), H, INKREWMA, WP LRI, B, FEAFHTO WA . E-mail:

gzkywq@163.com
[EEMESE] R (1989—), F, StMEIA,
xujinhong2011@126.com

ARz, WL, EEAFETIRMIRAZITTE . E-mail:



« 1138 - AhooT M T

5 38 4

Sl B LT IR 7S L R BB R A ]
B R 2 WA T 2 £ 2 TOUVRE 5 4 B 0 2 ek 2
TEI] B Rl 5 5 2 e i B A RN A Mo
V. Ni fll REE+Y & Z @ m T R, R AR
SR DN 5 =S (DN OC R 7 i B
A b BR A A R AR LT A o B 1k
Xf 4 XV R G TT . % X B TR A
FEHZR B A R A Al BT R
T, AN AL 78 BAT B 9 AL B G () I %
W)E MRS 0 R R TURRES S A E R
U, HLAT AR A At XA 3 Bk AL S AR AR 2 AT
FE W e R Gl B AR R TET . O O AR SO
IX 4 2% ) T A I ST G xS il Bl R s K
BT B R R o R A Y TR A0 Y, oy
AT AL AT A e B A ) A TR DT BB B A

BT R .

1 XEHRES

SN B R BTG S T s KRG 2
b SRS SRy B AR R P AR AR AR DT I O H AR B
AR FE 1AL PG S B0 S A K R Y
W2 b 5 AR T8 25 o 32, 4R DA TR K 2 3% 2l 1k
(1 i YRR DRk D] g LR R T
Rodinia # K Fifi 24 fift 192K &, & A — R B2
F B —E @ EEEP.UNi Mo,V .REE,
Y SFZME TR B OSSR, R R
41 B RE BT A B B AR I 20 B BT 0T
ool i T 2 A AL R 1] TR IR B 2L 0 5
SN N ZE R G UL A 2 2 db AR R
fi (E 1)

P15 PN 1 i L — R S s A oyl 2 ]
Fig. 1 Lithofacies paleogeography of Guizhou in Late Sinian—Early Cambrian
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Fig. 2 Geological map of Tongren area and the sampling sites (modified after reference[ 17-18])
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Fig. 3 Photographs showing the outcrops for Da’ao (a, b, ¢), Niujiaochong (d), Ximenkou (e) and Xinchong
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FEHLTE 1 150~ 1200 “CF il B34 2 9 BE 35 -, 77
i F] Thermo Fisher 2> 54 72 (9 4 ARL Perform” X
4200 B X S 2 CETEAGHEAT FERITRE 4T,
Gy RE BEAR T 1%

Tl T B A BT R < ME B R E 50 mg K3 A KR
sl AR O FERE Z A HF FTHNO, 1R
B TRTE 190 “CEAFE T i fit 48 /NI 5 ¥ HI R B
T IEMA 0.5 mL HNO,, 4k 2252 226 T, A
1 mL 0.5 pg/mL B Rh NARIE W .2 mL HNO; Mz &
BRI E TNES A BFE P E 150 CF
TS 5 /NI 5 Ve A J5 B 0.4 mL ¥ 22 150
B I LK E A 2 10 mL, FHLIEE . PRAY
8 N B AR B A3 S 7] A2 77 1) Perkin—Elmer Sciex
ELAN DRC-e B ICP-MS 43 #r 4%, 43 Mok B2 £ T
10%'241O
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IR B R BRARET AW ERTE
LI Si0, A F (% 1), w(Si0,) i H 86.54%~
96.50% (F ¥ M 93.07%) ; H Ik & F V&
ALO, il Fe,0,, w(ALO,) . w(Fe,0,) {43 51 H
0.37%~6.03% (¥ {6 1.98%) F1 0.68%~
2.01% (CFHE N 1.11%) ;w(MgO) .w(CaO) |
w(Na,0) .w(K,0) .w(P,05) Fl w(TiO,) [HIR K,
& & 9 h 0.39%. 0.73%. 0.75%. 1.61% .
0.10% F10.29% ; w(MnO ) {8 45 K 2 %/ T4
B, H5  2 0.02%; w (S) {H % %, 4 0.02%~
0.65% (V-4 0.25%) .

&R A B B A 1Y 2 5 OT R L Si0,.Ca0
P,05 0 £, w(Si0,) .w(Ca0) .w(P,05) i 53 5
13.61%~24.12% (CF-¥{H 4 18.61%) .34.66%~
43.54% (SF- 34915 M 39.27%) Al 27.21%~32.47%
CEHIE 2 30.00%) s Hk & A7 D4k ALO, Fe, 04,
MgO Na,O Fll K,0,w(AlL,0;) w(Fe,0;) .w(MgO) .
w(Na,0) . w(K,0){E 7314 1.24%~3.92% (*F- 3
51 2.69%) .0.57%~4.21% (FI{H 1 2.10%) .
0.11%~0.58%CF-¥I{H 4 0.39%) .0.24%~1.47%
3185 4 0.74%) F1 0.23%~0.53% (F X (K
0.37%) ;w(MnO) Fl w(TiO,) HARME , 5 5523 5 N
0.04% F1 0.09%; w(S) % & , K 0.02%~1.23%
CFI{E N 0.37%) o Mok, BEHeA A

w(Ba0) .w(Sr0) .w(V,0)1H , 53 5 K 0.12%~
0.64% (“F-¥I{H 4 0.37%) .0.46% ~0.63% (-3
5 M 0.54%) Fl 0.22%~0.29% ( F ¥ {5 N
0.26%) .

A B 38 A Rk B T A Y 3 R oT # DL Si0, F
ALO; N E ,w(Si0,) w(ALL0,) 5 4 53.06% ~
74.43% (B 1H J 62.92%) F1 7.58%~16.27%
(B A 12.27%) 5 H R & F 2> i Fe,0,.,
MgO . CaO ., Na,O . K,0 ., P,05 . TiO, #il BaO ,
w(Fe,0;) .w(Mg0O) .w(Ca0) .w(Na,0) w(K,0) .
w(P,05) . w(Ti0,) .w(Ba0) {43 5 5 0.62%~
7.94% (CF-¥I{E N 3.16%) . 0.44%~1.43% (°F- 1
5 N 0.86%) . 0.04%~3.16% ( ¥ ¥ {4 K
0.66%) .0.77%~3.27% (3] 2.17%) .2.26%~
3.87% (CF- I {H A 3.05%) .0.06%~0.26% (-1
54 0.11%) .0.63%~ 1.22% (*F ¥ {H 4 0.93%)
0.75%~1.11% (*F- ¥ {H 5 0.93%) ; w (MnO)
B AR, & B AL H 0.04%., w(S)(HB &, N
0.04%~0.57% (°F- ¥ {H J 0.29%) o I AN FE
XC=3 8 5T 5L ik B B 1 w(V,05) 18, &
B 0.64%,
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&R U RE A TP R T R Ay B
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B LA R (3.32~13.6) X10° (F H{H K
6.84X10°), BRI A h R AR EEN
JEEHRU.V. St A Ba,w(U) . w(V) w(Sr) .
w (Ba) 23 % Jy (143~461) X 1076 ( F ¥ {H K
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(2 298~9 260) X 10°°( F 1l H 5 401 X 10°) ,
Cr.Ni,Sr.Zr Al Mot A%} & %, w(Cr) .w(Ni) .
w(Sr) w(Zr) wMo){E 43511 4(85.7~194) X 107°( -
BN 134X 1070) . (32.3~301) X 10 (F {4

113X 10°6) | (43.0~199) X 1076 (F H{E Ky
102X 1079) | (89.5~249) X 1076 ( F ¥ { K
184X 1076) il (19.7~370) X 1076 ( 3¢ ¥ {H K
152X 1079),

F1ACHERERE. BRENBKATNENEETESHTER w(B)/%

Table 1 Major element contents (%) for siliceous rock, phosphorite and carbonaceous shale in Tongren area
S AR Flm Sio, ALO, Fe,0, MgO CaO Na,0 K,0 MnO P,0, TiO, S BaO StO V,0, LOI SUM
NJC-1 Effuh 9548 047 0.73 039 0.73 040 0.10 0.01 0.10 0.07 025 / / / 1.99 100.71
XC-1 : 93.42 096 0.74 0.06 021 0.24 021 / 0.07 0.19 0.08 / / / 3.79  99.97
XC-6 o 86.54 6.03 2.01 038 006 0.75 1.61 / 009 029 065 / / / 2.18 100.59
XMK-3  fif Jit . 96.50 0.38 0.83 0.13 0.17 0.01 0.05 / 0.08 0.03 0.03 / / / 1.25 9945
XMK-1 FHm 96.32 0.37 0.68 0.13 0.19 0.03 0.04 / 0.06 0.02 0.02 / / / 1.40  99.26
DA-2 89.96 2.70 1.47 0.14 0.05 0.24 0.88 0.02 0.05 0.18 0.52 / / / 2.57 98.78
DA-3 A 96.33 0.50 0.80 0.02 0.14 0.22 0.10 / 0.07 0.04 0.05 / / / 1.58 99.85
NJC-3 i 18.81 2.82 0.87 046 41.14 0.73 0.45 0.01 30.60 0.03 0.03 0.63 0.29 3.49 100.37
NJC-4 o 13.61 3.54 0.57 046 43.54 147 0.50 0.01 31.73 0.09 0.02 / 054 / 4.28 100.36
XC-2 19.07 2.30 1.71 0.38 38.86 0.80 0.38 / 28.77 0.07 1.23 0.64 0.49 0.27 5.08 100.03
XC-2-1 b 2121 350 1.09 037 3551 0.72 029 / 27.78 0.08 0.88 0.58 0.52 0.24 5.72 98.48
XC-8 WM H 17.89 1.24 262 0.40 41.50 0.81 0.31 0.04 30.62 0.03 0.29 0.23 0.57 0.22 3.33 100.09
XMK-2 o 1722 1.63 2.75 047 41.50 0.26 032 / 31.58 0.02 0.03 0.12 048 0.29 3.07 99.74
XMK-5 R 20.92 2.47 297 0.58 36.79 0.24 0.53 / 29.58 0.07 0.08 0.29 0.46 0.29 4.35 99.61
DA-4 14.16 392 1.49 0.40 4031 0.82 0.35 0.01 32.47 0.02 0.18 / / / 5.19  99.34
DA-5 A 24.12 3.06 4.21 0.11 34.66 0.59 0.23 / 27.21 0.03 0.07 / 0.60 / 4.82  99.69
NJC-5 Mk 64.98 1424 121 097 041 241 3.64 / 008 090 0.08 / / / 10.74 99.66
XC-3 62.85 16.27 0.81 1.02 0.11 252 387 / 0.08 1.22 0.32 0.75 / 0.64 924 99.71
XC-4 65.51 14.68 1.02 0.75 0.10 3.27 3.19 / 0.08 1.04 021 / / / 9.76  99.60
XC-5 Bk 58.08 12.58 4.60 0.70 0.08 2.55 3.14 0.01 0.09 0.96 038 / / / 17.09 100.25
XC-9 A 53.06 10.99 7.94 143 3.16 2.63 227 0.04 0.26 0.65 0.57 / / / 17.44 100.44
XC-10 67.14 10.01 3.95 0.66 0.04 1.54 226 001 0.10 0.63 0.38 / / / 13.63 100.35
XMK-4 BRIT0 7443 758 0.62 044 007 0.77 253 / 0.06 1.14 0.15 1.11 / / 11.18 100.08
DA-7 “ 60.82 12.85 0.70 0.71 0.10 2.67 338 / 0.08 1.08 0.04 / / / 16.32 98.75
DA-8 A 57.81 11.97 539 092 0.04 1.51 3.14 0.01 0.08 0.75 046 / / / 18.22 100.29

T AR TR

33 Bz
EEAERAPR L TR T BRI (E
2) ,w(ZREE){f 5 (6.04~71.6) X 1070 (- ¥ (i
H9 29.6X10°) . w (LREE)/w (HREE) {8 X
2.10~6.66 ( °F- ¥ {H & 3.55) , (La/Yb) \ fH N
0.19~0.73(FI{H M 0.36) , B EM L ILE ) H
AN B . (La/Sm)  {B 4 0.29~1.00 (°F- 2 &

0.57), %M L om R AR (CA/Yb) (HH
0.67~1.04(FI{EH M 0.82) , Hf + L E 7 A
Wl . SEu {2/ 0.86~1.19 (F {8 H 1.05) ,
dCe fH } 0.48~0.84("F-3{H K 0.64) , 7 IR K F|
WS R AR A (PAAS) bR AL e 0 1 20 1
LA R XoF S 35 (1 BiE 4 A5 5 RN BA R 1Y Ce 5T
H(E4),
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w(LREE)/w(HREE){E 7 2.80~3.88 CF-3{H K
3.22) , (La/Yb)  fH N 0.43~0.70 ( ¥ ¥ { K
0.59) , B EM LR AR . (La/Sm) [l
0.54~0.78 CFHI{E 7 0.66) , B Hi LI K /- A
B & . (Gd/Yb) (Ml K 1.12~1.75 (% {5 N
136) , B L LR % AU . SEufH N
0.95~1.13(F-#71.04),3Ce {7 0.29~0.61(F-
YA R 0.38) , 7E K I 5 K AR DU A
(PAAS) bR iR L 43 525 18] b, B A XS 35 1
Jic 43 A5 = [ R B Y Ce T2 S8 (81 4)

AR AR A TR SRR,
w (SREE) {5} (109~190) X 1076 ( F {5 N
156X 10%) . w(LREE)/w(HREE) i & 5.78~
17.86 (°F- {8 4 10.22) , (La/Yb) (& K 0.75~
1LOOCF-349ME R 1.17) R M + T Koy % AW
. (La/Sm) 7 0.81~4.23(FX¥{H M 1.92),
BWAETLESFAUE . (CA/Yb)(fH R 0.48~
L19CF3E R 0.83) , EHf oo H T AW .
SEufE 1 0.89~1.07 (Y15 K 0.98) ,8Ce {H N
0.75~0.95 F-H{E M 0.86) , 78 18 A W5 Ky
fRUT A (PAAS) bR AL E B & 1, HLA AR X
ST Y T 4345 T RN B B A Ce B S (L 4) ¢

4 BT M DX T B B AR B S A T8 BRI R R AU ) — AR TRE 43 il 2 GROCRI I R R AR
Kedesl A SCEk25])
Fig. 4 PAAS normalized REE patterns for siliceous rock, phosphorite and carbonaceous shale in Tongren area (data of

PAAS from reference[ 25])
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15 UL+ B9 Y/Ho {43 34 27.46~37.34 . 44.02~
52.39 Fl 33.67~39.18, Zr/Hf {8 43 %] h 35.72~
114.08 .11.51~34.03 F137.75~40.55, & Y/Ho-
Zv/Hf Bl (18 5b)  EATTERAL T M52 FikE K =22
(51 (P il e U AW R F R e = E 7Dy
A 7K 1A A A U5 4 ot L W] 370 0 1 B T 44 b
DX He A R A

5 AT b DX i A i o FBR 5 002 Y ALOL/(ALO, 4 Fe,0,4+MnO) -Fe,0,/Ti0, &l fi# O 3 SCHk[ 26-271) (a)
Y /Ho~Zr/HI [ fift (i P 4 SCHR[29-311) (b)
Fig. 5 ALO,/(ALO,+Fe,0,+Mn0)-Fe,0,/TiO, (base map after reference [ 26-27]) (a) and Y/Ho-Zr/Hf (base map after

reference[ 29-31]) (b) diagrams for siliceous rock , phosphorite and carbonaceous shale in Tongren area
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1.34~7.78 1 2.02~21.54, I 75 A1 1 T 4%
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UURLUE 19 Ni/Co A 5 HIE Wi i 14 S8k 38 5
WA K, Ni/Co< 548 /R & AR, 5<Ni/Co<
736 R A DU BE , Ni/Co> 7 45 7 B ¥ Bt 4
(3 JE TR R R 340 A b DX B B A
H Rl I 0L %5 19 Ni/Co fH 43 3] 4 3.43~16.98
2.84~29.01 Al 3.31~52.91, 7 Th/U-Ni/Co &l
fiff v CIET 6a) , B i 28 R FB 43 $5 s Ao T B S B 5
W R AR A AT BT ik R0 3 SR TR ER B

VI Ni 72 AN [A] 1) 8 Ak 8 TR B0 1% v s 4

BEANTR] , V45 S 7 S Ak BR B o 4 W B 4R L i
Ni 25 5 7538 J5L 35 58 o 4 W B, PR V/(V 4= Ni)
(B AT LLAR 78 DT BUK R 1 S0k 38 D 3 15137380
0.84<V/(V+Ni) <0.89 #5 75 it S 3 85, 0.54 <
V/(V4+Ni) <0.82fCRFTA AL ,0.46<V/(V+
Ni) <0.60 /R AL IR 570, 4 Z% 50 T hk T
W B 5 AR BT UL 1Y VIOV 4N 1 2 B A
0.70~0.98 .0.80~0.98 #110.61~0.98. 7£ Th/U-
V/(V4Ni) B i (B 6b) |, BE & 358 2380 T
0.6 Z I F5 7= AT 04 T8 )l B 85 2 LA B S50 £ 1Y
DU R .

P16 44 b DX R T2 B R FIBR B D4 119 Th/U—Ni/Co R fif O L SCHik [ 34-351) (a) A1 Th/U-V/(V+Ni) Bl it (i ]
e Scik[34,371) (b)
Fig. 6 Th/U-Ni/Co (base map after reference [ 34-35]) (a) and Th/U-V/(V+Ni) (base map after reference [ 34,37]) (b)

diagrams for siliceous rock, phosphorite and carbonaceous shale in Tongren area
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Geochemical Characteristics of Phosphorite—type Uranium Deposits in

Tongren Area, Eastern Guizhou

WANG Qiong ', XU Jinhong >*, WU Linfeng', WU Chengquan’, PENG Song',
LI Xiyao 4 JIN Ziru >*, FAN Yunfei', LU Ping !

(1. Geological Survey Institute for Nuclear Resources, Non—Ferrous Metals and Nuclear Industry Geological Exploration
Bureau of Guizhou, Guiyang, Guizhou 550005, China; 2. School of Economics and Management, Tongren University,
Tongren , Guizhou 554300, China; 3. State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry ,
Chinese Academy of Sciences, Guiyang , Guizhou 550081, China; 4. University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: Tongren area in eastern Guizhou is characterized by widely distributed Early Cambrian black rock
series, and well endowed with numerous small and medium-sized deposits of uranium-bearing phosphorite.
In order to explore the genesis of these deposits, this paper chose the rich deposit in Da’ao, Niujiaochong,
Ximenkou and Xinchong strata sections and made systematic sampling from Laobao—Niutitang Formation to
carried out geochemical study. The analysis results showed that the siliceous rocks and the phosphorites of
Laobao Formation, and the carbonaceous shale of the Niutitang Formation bear the Fe,0,/TiO,. Al,0,/
(ALO;+ Fe,0,+MnO), Zr/Hf, Y/Ho values between terrigenous materials and seafloor hydrothermal fluids,
and relatively flat distribution pattern of REE, revealing that the phosphorite—type uranium deposits in
Tongren area were formed in a normal marine sedimentary environment influenced by the input of terrigenous
materials, and partly influenced by seafloor hydrothermal fluids. The siliceous rocks, phosphorites and
carbonaceous shale have high U value (>1), low Th/U value (<2), high V/(V+Ni) value (>0.6) and obvious
negative Ce anomaly, further indicating that these uranium-rich phosphorite rock were formed under an
oxygen—poor—hypoxic reducing environment. Comprehensive analysis showed that the uranium-rich
phosphorite was formed under normal seawater deposition mixed by seafloor hydrothermal action under
reducing conditions due to the disintegration of the Rodinia supercontinent and continental weathering .

Keywords: uranium deposits; phosphorite; Laobao Formation; Tongren



