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Fig. I  Geological sketch of Libo—Dushan area in Guizhou province
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Fig. 2 Stratigraphic correlation diagram of uranium—bearing coal in Libo—Dushan area
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Si0,, Al 0, ,Fe,0,,L01 J =, PU35 Z F1H 82.26%
~95.98% , V- 87. 06% ; H-YK A TiO, ,MgO , Ca0 ,
H,0™, &5 6.89%~ 17.72% , ¥ & 12. 41%
HATTRER ST BB, SaEZF Ll Lol & & m L
FRAE, K 26. 15%~ 49. 26% , F-14 36. 02%, &
DURA)Z T MgO & w9 22, AL O, &= AYoR
Bl PERRAE T S T (MgO / AL O, ) 100 Y LU 1 &
Z (5K =,1988; thisk 5%, 1988) , H b 1 35 % s ik
DUBRIREE K AR ER BERFIE . AEAS RIS B B BT AR
I AR A AR A R 2 (1) RK DU LU A
< 1;(2) Bt M DTRRAER 1< L{E< 10;(3)
T K DUBREREE (K ARER B K F 30. 06%0) 10< FL{A
< 500; (4) i #ifF (ST IR IR DURR IR SR ) LL{A
>500, IXPNEHIHE R MgO / ALO,) x100 HAE K
*1

Table 1

2.46 ~ 10. 78 , XM 4. 96, S WLAIFFE XN Sy i v
o PRV ERE . MnO / TFe HUAE AT 48R YT
it PH {E 45 = I (58 KB %, 2013) , Fb{E <0.013
FRE, 0. 013< Hfl <0. 016 M55 R 1, 0. 016 < [t
{H<0. 026 A 4%, 0. 026 < LA <0. 055 A 558k
KT 0.055 Mg, XNEHHER MnO / TFe Lt
B4 0. 001 ~0. 012, F#5 0. 004, = B X AT
BN, PE R e %5 1981 AERHIF R 5 ( g 1L
B LR R ER G UUBURAE &S a1k ¢
%), 1 Ca0 /(CaO+TFe) x 100% H5 b DUFRAN I 1)
ERE B ARXTER T B9 b (LB ARl o3
$9:<0.2.0.2~0.5.>0.5, @it iHE X NZ I
$90.07 ~0.46,F14 0. 20, Jz BT AL KR N
[N L REN

EETESTERREK (W%)

Analysis results of constant element (wit% )

(MgO / AL0,) €a0 /

B s S0, ALO, Fe,0, FeO TiO, Ma0 MgO Ca0 K,0 P,0, Na,0 H,0" TOT MnO / TFe
X100 (CaO+TFe)

TCOI-H1 K+ 65.1110.29 4.52 0.091 0.63 0.030 0.68 2.31 0.74 1.50 0.09 5.06 8.8l 6.67 0.009 0.42
TCOI-H2 484 30.37 11.42 7.83 0.072 1.69 0.015 0.61 1.26 0.49 0.24 0.08 12.5 32.64  5.33 0.003 0.19
TCOI-H3  #ib#  36.9021.72 12.3 0.030 7.79 0.003 0.72 0.61 0.45 0.15 0.21 8.60 13.63 3.3l 0.001 0.07
TCOI-H4  JRTTH 44.70 17.47 11.6 0.029 1.56 0.039 0.73 1.17 0.62 0.19 0.13 7.74 22.21  4.18 0.010 0.13
BTOI-HI SFH#4 45.49 10.85 9.71 0.054 0.58 0.072 1.17 5.70 1.15 0.32 0.05 6.70 16.94  10.78 0.001 0.46
BTOI-H2  Fi+#  42.80 16.57 17.7 0.022 1.79 0.005 0.88 0.98 0.82 0.48 0.08 7.69 9.65 5.29 0.005 0.07
BTOI-H3 i+  45.85 18.36 5.43 0.029 1.50 0.039 0.58 1.17 0.43 0.17 0.13 6.12 19.60  3.18 0.012 0.23
BIOI-H4 W4  19.26 8.52 6.54 0.059 1.22 0.003 0.21 3.68 0.15 0.20 0.04 10.7 49.26  2.46 0.001 0.44
BTO2-HI @R 58.56 11.34 14.4 0.036 1.73 0.024 0.53 0.14 1.34 0.56 0.19 4.49 6.75 4.65 0.002 0.01
BTO2-H2  BBRTUH 34.86 13.18 11.3 0.051 1.80 0.01 0.497 0.17 0.993 0.36 0.09 10.4 26.15  3.77 0.001 0.02

Ty 42,39 13.97 10.1 0.047 2.03 0.024 0.66 1.72 0.72 0.44 0.11 8.00 20.56  4.96 0.004 0.20

4.2 HETESIE

2 T b b o A e 2R R I (]
3) LIS 7R (10) B, U MoV K Cr BE &
8 OHEE RN 104.9 57.1.42 & 70, Ni |
Ga Pb Y fisidEtadh AR RECH 1.9~ 4. 1, HiAth
JCRMXFIL, 7EEE T, U MoV I Cr RIFEN &
LR, EERERLT () B, BERE N
11.6.29.2 45 & 28, #(fb) 2 K EIA higE TR

EERHEAL, I U 5 X e RAEDIRUS A
BT R AR R Ll R AR O, A R | AL
TERYHRRIE (4 45 2019) , BFSE XA (1) )2 H
U5 Cr.V Mo Co/Ni B IEMISE, M RECH 0.88,
0.62.0.94.0.87; ‘A5 Cr.V . Mn Co Ni Ge.Y
SIFEASE MR ECH 0. 66.0.76.0.93 0. 91 .0. 95,
0.60.0.73, f#iIcZE U,V .C Mo & i =, WA
XEI(1h) )2 U P38 BER 293. 8x107°, V S5
TN 2524%107°, Cr FHEEN 2 246x107°, Mo F-
&k 85.7x10°°
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Table 2 Trace element analysis results( x107°)

FEah s 4328 Fayis Cr Th V. Mn C N Ga Mo Pbh Ge K U Y
TC1-H1 Kits 1640 9.06 1540 232 18.90 204.0 17.5 50.8 26.8 1.52 6170 142 115.0
TCI-H2 @~ WHE 3740 9.41 2960 119 10.70 67.0 26.7 189.0 44.0 0.46 4070 625 67.9
TCI-H3 (k) it 2950 20.20 5150 24 5.03 30.7 59.8 93.3 68.3 4.40 3750 395 71.6
BT1-H3 2 Kit#s 2620 12.7 1700 39  5.43 52.1 36.4 26.9 52.8 2.38 3540 163 108.0
BT1-H4 R 1280 2.78 1270 24 6.28 51.5 21.0 68.4 26.8 0.11 1250 144 93.8

1 2446 10.83 2524 87 9.27 81.1 32.28 85.7 43.7 1.77 3756 294 91.3

R 70 1.0 42 0.1 091 41 1.9 57.1 2.2 1.0 0.1 1049 4.1
TC1-H4 WIFTUA 1410 8.51 2110 184 17.30 120.0 23.4 78.1 37.0 1.61 2570 14 127.0
BT1-H1 RIFTAE 2050 5.88 9280 561 115.00847.0 20.6 104.0 29.6 2.58 6540 62 248.0
BT1-H2 [f] kit 1020 15.40 1370 560 44.70 426.0 27.0 16.6 41.5 3.29 6180 49 94.2
BT2-H1 ©  BEFH 205 11.20 330 184 9.84 14.0 25.7 89 13.2 2.63 11200 17 29.2
BT2-H2 R TUA 161 10.00 373 78 5.12 8.8 28.2 11.5 13.6 2.37 8240 21 49.5

1 969 10.20 2692 313 38.39 283.2 24.9 43.8 26.9 2.49 6946 33 109.6

BERE 28 1.0 45 0.5 3.8 14.2 1.5 29.2 1.3 1.4 0.2 1.6 5.0

uce 35 107 60 600 10 20 17 1.5 20 1.77 28000 2.8 22

¥ : UCC 8 & BRF-H Kbt L 52 (H ;8U=2U/(U+Th/3)

1ane; 1000, g
e T SRR : —6—TCOl-H4 —e—BT01-HL —<—BTO1-H2
100, L A 106, y —&—BT02-Hl —B8—BT02-H2
: & &
% 10, = 10,
0.1 0.1
0.01 I

0.01
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Fig. 3 Primitive mantle—normalized trace element spidergrams of uranium mineralized layer (a) and wall rock (b)

M2 aJ LU M Blah UMV kA S A
Mo NEAEHE, M REF /R B YIRS i (fk) )2
He A ] R S s SR R AR Ak i, BIK R 5
—ER M H,S BRI (Algeo T J,2004) , X 58"
(fb) JE i o R AR SR R k4518 — 2.

HRHE V/ (VNI /NT 0. 6 7R il i ik I
BT R AT, KT 0. 84 W WA AH L
JRERST T HL W K AR S 5R 0 R (2 i A
2006 ; FAEHESF, 2009 R AR HE A, 2019) , FFEIX
P V/(V+Ni) N 0.76 ~0.99, F1 0.93, KT
0. 84, J W {4 5 Fnifg A B IR B, T Lt Vg K
REERITZ

4.3 T HouEMERL AR
P EIERAHT L% (3 3) B (fle) 2

Cr Th ¥V Mn Co Ni Ga Mo Fb

F1 Y REE Ju A 234. 51x107°~ 546.41x 107, *F
¥)372.37x107°; Y LREE/ Y HREE H.{E7EH 5. 02
~ 8.62, F1 6.86;3Ce K 0.53 ~ 0.64, F 1
0.59,8Eu 4 0.60 ~0.71,F#] 0.66; (La/Yb)
TN 5. 78 ~15.76, -1 10. 89; (La/Sm) [l
$73.49 ~ 5.82, % 4.77; (Gd/Yb), JulH A
5.78 ~15.76,F17 10. 89, & X REE JE[H A
292.92x 107~ 775. 60x 107, -5 426. 87x107°;
Y LREE/ X HREE UW{HEE S 5.05 ~9.25,F
7.11;8Ce 7 0.47 ~1.10,F150.79,8Eu 4 0. 64
~0.78, F 17 0.72; IAE a0y 35KORE A7 b o 1k
REE 73X E AT LA H (B 4) sl (k) J2 &
R 42 B AR FRRRAE 6 AR — 3, S B B ) A I Y
> LREE/ X HREE HfH KT 1, (La/Yb) KT 1,
R A I W, R 4 0T 3 A N
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B HRG UG E Ih R AR 2% | S D% IR AE
i, d B HE A 4 T R Z W AT AT — 5308
W DRI (fb) 2 S HLE T L ] i Eu 917
5 (8Eu<1) Al Ce My T 52 (8Ce<1) , Eu 23

TSR 5 S S UTA G (RS ,2010) , A AL
JFROR WA | A S AR 2 R I A 38 SRR
FITF o™ 774, 5y R S B R i ARy Hy A
JER Eu T8 BLG M Ce FA 0053 J2 TG A 3R 5
RS, ZEIE KA pH (AT Eh (HYE RN Ce™ 455
FEAE R Ce* LA CeO, M 2 MV W LTE T2k,
HHAh REE ST &R/ (R WIAR, 1999; 2= 514,
2013) ,

=1
N

R3 BITHRSE(x107) REFIEE

Table 3 Contents(x10™) and characteristic values of rare earth elements

e TCO1-H1 TCO1-H2 TCO1-H3 BTO1-H3 BTO1-H4 TCOl1-H4 BTO1-H1 BT02-H2 BT02-H1 BTO01-H2
a1 ita | s Kite B\ REIUs RBOUA Riths BRIUA RIBUUE
S ()= Wz
La 101.00  76.60 135.00 165.00  64.10 99.90  252.00  68.20 53.70 87.30
Ce 95.70 89.90 142.00 155.00  70.00 91.70 194.00 137.00  93.70 172. 00
Pr 17. 40 15.10 20. 10 28. 80 10. 50 20. 80 36. 00 15.70 10. 80 15.30
Nd 68. 70 61.70 73.10 111.00  40.90 82. 80 153.00  61.20 39.10 62. 60
Sm 14. 00 13. 80 14. 60 20. 50 8. 18 20.50 29.70 13.70 8.21 14. 60
Eu 2.86 3.06 3.18 4.34 1.87 4. 87 6. 67 3.28 1.98 3.62
Gd 14. 90 12.30 14. 40 19.70 8. 66 22.30 33.30 12.20 7.29 16. 10
Th 2.23 1. 80 2.23 2.90 1.44 3.20 4.90 1.79 1.10 2.50
Dy 12. 50 9.55 12. 10 15.90 9.29 16. 40 26.90 9.33 5.51 13.70
Ho 2.87 2.04 2.45 3.44 2.36 3.42 6. 05 1.90 1. 14 2.93
Er 8. 04 5.50 6.25 9.10 7.35 8.70 16. 00 5.17 3.30 8.70
Tm 1.17 0. 80 0.96 1.34 1.17 1.23 2.28 0.76 0.49 1.22
Yb 7.27 5.23 5.79 8.19 7.49 7.13 12.70 4.75 3.10 7.45
Lu 1.10 0. 80 0.83 1.20 1.20 1.10 2.10 0. 69 0.50 1.10
2 REE 349.74  298.18 432.99 546.41 234.51 384.05 775.60 335.67 229.92  409.12
> LREE 299.66  260.16  387.98 484.64 195.55 320.57 671.37 299.08 207.49 355.42
> HREE 50. 08 38.02 45.01 61.77 38.96 63. 48 104.23 36. 59 22.43 53.70
2 Ce/ X Yb 5.98 6. 84 8.62 7.85 5.02 5.05 6.44 8.17 9.25 6. 62
8Ce 0.53 0.62 0. 64 0.53 0. 63 0.47 0.48 0.98 0.91 1.10
S8Eu 0. 60 0.71 0. 66 0. 65 0.67 0. 69 0. 64 0.77 0.78 0.72
(La/Sm)N 4.54 3.49 5.82 5.07 4.93 3.07 5.34 3.13 4.12 3.76
(Gd/Yb)N 1. 66 1.91 2.02 1.95 0.94 2.53 2.13 2.08 1.91 1.75
(La/Yb)N 9.39 9.90 15.76 13.61 5.78 9.47 13. 41 9.70 11.71 7.92
1 :8Eu=EuN/(SmNXGdN ) 1/2,8Ce =CeN/( LaNxPrN) 1/2. T AR« N" 7 kb BA 45 1 A (E (3R62 B A ( TaylorandMclLennan, 1985) ) 5
SREE ML Y,
i —6—TCO1-Hl —E5-TCOI-HZ ——TCO1-H3 ; EJ =SSHE0EHE =ESHI0EL =B
: —&—BTO1-H3 —8—BTO1-H4 —=— BINZHl; —M—EI0ZHe
AN

100

B/ B IRE

10

La Ce Pr Nd SmEuGdTb Dy Ho Er Tm Yb Lu

100

R/ ERIRE

o

AL
BAA—A A

La Ce PriNd SmEuGdTb Dy Ho Er TmYb Lu

4 T (H)E(a) RESE(b) KR AMRELTHLITRE S MLk
Fig. 4 Chondrite—normalized REE patterns of ore ( mineralized) bed (a) and wall rock (b)
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PN LB A B IE 2L R 45— S (B =W,
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Co/Ni ¥ —E M IEA GPE (L 6) , BB HAl = 22
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(#E Allegre and Michard, 1974)
Fig. 5 Projection in (La /Yb)N vs. X REE diagram of

uranium—bearing coal in Libo—Dushan area
(after Allegre and Michard, 1974)
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Fig. 6 Correlation diagrams of the elements
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Geological and Geochemical Characteristics of Uranium—bearing
Coal Series and Genesis of Coal-type Uranium Deposits
in Libo—Dushan Area, Guizhou Province

TIAN Chao'’>,SONG Hao',ZHENG Mao-rong’ LI Qi'

(1. College of Earth Sciences ,Chendu University of Technology ,Chendu. 6100001. Sichuan , China ;
2. The Tth Team of Nonferrous Metal and Geology exploration Bureau of Nuclear
Indusiry of Guizhou Province. Guiyang 550005 , Guizhou , China )

[ Abstract] The Libo— Dushan uranium— bearing coal deposits,which belongs to the Danzhai—Sandu—Dushan
uranium belt in the Guizhou provience, occurs between the black shell limestone and the dark grey silliecous
limestone of the Permian Wujiaping formation. Two coal—type uranium deposit has been found in this area. In
this paper, it investigates the geochemical characteristics, ore controlling factors and genesis of the uranium-—
bearing coal bed in this area. The lithofacies shows a variation that the littoral facies occurs in the north but the
paralicfacies in the south. The stability and grade of uranium mineralization depress from north to south. the vol-
canic activity and the minor wall rocks provide the ore—forming fluids for the mineralization. The mineralization
is attributed to the mixture of the sea water and the fertile hydrothermal fluids which is rich in Si02,Mn, U, Co,
Pb and CO2. This processis related to the first activity of Emeishan mantle plume during the late Permain. The
uranium mineralization is limited by such factors as stratum( Wujiaping formation) , lithology ( the lignite ,black
shale ) , structure ( Fangcun syncline and the S — N trend faults ), sedimentary environment ( reductive
sedimentary , acidity — low salinity ) . The Libo—Dushan uranium — bearing coal deposits has formed by the
multiple genesis which including the preconcentration during the sedimentation and the superposition of tectonic
activity.

[ Key Words | Uranium—bearing coal series; Geochemical characteristics; Ore controlling factors ; Metallization

mechanism ; Fangcun syncline



