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Abstract: Based on the 973 program and the northern sandstone type uranium survey program, this study tried to explain the “red
and black” sandstone constraint on uranium mineralization. On the basis of summarizing temporal and spatial relationship between
red layers and black layers of global sandstone uranium deposits and the sieving of more than 100,000 meters core drilling data of
the northern continental basin, the authors selected Junggar, Ordos and Songliao basin as typical research objects. Through
compilation of drilling chart of the basin, investigating well—connecting section of typical mining area and geochemical testing of
key strata, the authors made a vertical and horizontal comprehensive analysis and comparison of “red and black” sandstone and
uranium— bearing strata, and the results show that the formation ages of uranium— bearing strata gradually change from Middle
Jurassic to Upper Cretaceous from west to east in China. There were at least 6 large—scale oxygen—rich red sedimentary events in
Late Mesozoic period, which are respectively I. Middle Jurassic—late Jurassic early stage (Bathonian—Oxfordian), II. Early—middle
stage of the Early Cretaceous (Berriasian—Barremian), III. Middle stage of Early Cretaceous (Barremian), IV. Late stage of middle
Cretaceous (Cenomanian), V. Middle stage of late Cretaceous (Coniacian), and VI. Late stage of late Cretaceous (Campanian). The
red layer and the black layer below constituting “red — black color structure" in I, V and VI stage are 3 important uranium—
bearing strata in China. Geochemical and fossil data of the red and black layers in the typical basins show that the content of B, Sr
and Cu and the ratios of Fe*"/Fe’", B/Ga, Sr/Cu and FeO/MnO are obviously different between them. The content of Fe;O; in the red
layer is obviously higher, and the ratio of U and U/Th in the transition zone is obviously higher than other sides. Combined with
development of strawberry pyrite in black layer and carbonate rocks in red layer, the authors hold that the red layer is a relatively
strong oxidizing environment and the black layer is a relatively reducing environment, which respectively provide oxidation—
reduction conditions for the mineralization of sandstone uranium ore. The spectrum of uranium deposits is related genetically with
red and black layer, industrial orebodies occur in tabular form in gray and grayish green sandstone. The red and black layer with the
thickness of more than 500m is unfavorable for mineralization. The black and red layer formed in late Mesozoic continental basin
has vertical zoning to represent the depositional environment change from oxidizing to reducing environment which provides
“obstacle” and “field” for mineralization respectively. In conclusion, the authors put forward the "double color structure”
metallogenic prospecting model for sandstone uranium deposit, in which the upper layer serves as the red oxide barrier, whereas the
lower layer serves as black reducing barrier, and the sandstone uranium deposit (ore spot) transition zone is characterized by grayish
green, gray sand enrichment and mineralization. The understanding obtained by the authors is significant not only for improving the
metallogenic environment knowledge, metallogenic regularity and metallogenic model of sandstone uranium deposit but also for

guiding the investigation of sandstone uranium deposits.

Key words: late Mesozoic; red and black beds coupling; sandstone uranium deposit; oxidation— reduction reaction; red beds;
continental basins of northern China
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Fig.2 Distribution of red beds, organic matters beds and sandstone type uranium deposits in China
some data of Chinese part after this work; sandstone type uranium deposit after Jin et al., 2016; Zhang et al., 2016; Li et al., 2016;
red beds after Guo et al., 2007; Peng et al., 2013; Pan and Peng, 2015; organic matters after Mao et al., 1997; Teng and Liu, 2013;
Hu et al, 2014
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20~30 m.

CEANS CEAN N N AW S S I R S
i 2 ) (Cenomanian) o %41 )2 3222 fEVE /R 7
i b G AR (Kod) FIRALL 253 | 48 58 3k
H (Kag) o IR « MEWE) R B N 21 )2 60 T
FHESKRIGH (Kd) o ZWLZHN KR T
Talicypridea amoena—T. gemmiformis— Ziziphocypris
simakovi 1% HALA , LA 1 22 g (522 7 5 19
— =& M Coniacian—Santonian) 731~ £, W WA
i St L 8 (Cenomanian) 18 43 1 (FF 75 #2 &
2013) o XUMRIEFNFF2E (1983)TEAR VAL T Bk B
T R AR 2R A DY : Aclistochara laiae, A.
caii, Mesochara volute , F.A7 B JE- (1) L LA €2
%o T FIBO T RV THA RSB W, K
BT W RIS e SR R A, R B0 24 T 2
i Bk 7 91 (Maastrichtian) (47 5 M4, 2005) ,
I, ZE N ARV AL Ry i St L R R R
ZH AR AR IR TAER WZRT LR B R . AR
AL F 3, 32 O 0 2 T LR TR A S Sk A (Kag) o
B AAETT LRI 28 5 3115 T 88.3 Ma 1Y
Ar— Ar B %, RN R Sk 5 3R 2
(Cenomanian) A X Lt , 5y M i 7 18 S Sk 2 T3S
4E I 91.35 Ma(EBEPRAE, 2015) FEAA—H, 1EIR
S IR Sk 21T ERE I T AR AR TR B0 B AR
(111.6+2.6) Ma Fl“ZZ L1 5 1 4F 4% (118.5+1.6) Ma( N
WRORME AR o &5 b HEB R A ARV A 412 S
FAIL 73 IR Sk 2 212 TR AR 1) B HAT AT X L
(D NS g 1R P v 1 o A v 2 N S
] A DURBUSE EE I 38, iy 102 m 72279 2200 m,

55 VIRZLE AR W 1 St 3B, R Y T R
JE .5 ] (Coniacian) o 123 21 )23 76 HE WE) /R F SRR
Z W B AR WL ORI S o {XFE AR BRA 1L 7 b
KA FHES YA )R 100~200 mo BHUKYE
FARE 1 R Tk 7R i kS L TRy
85.8~86.1 Ma( EIEIHEF,2015) . kR A ELT
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U R AR 1 4l MO 22 5 Ar—Ar AR
88.3 Ma, I BT 41— B & & A I AR R AT A
A AL Bt A, AR e e, Y T
Coniacian i3] & Santonian (JI 3¢ 1§45, 2010) , H —
B3R KL AR IR S 83 Ma ( FBERRE %5, 2015) .
AR TAEAE IR Z 0 X3RS T A= A ST
Wk rh S DRI ES A U—Pb 4F4#% 70.7 Ma (4
TRRORH R D o £ L kR ALLZ DT B R
Bt rp B R o A 3E A Y T R e T e
(Coniacian) ,

55 VLD, A I s 0, AH S Tk
111 (Campanian) o 12t 2T J2 78 P4 3 i 08 JK
IR Z W M AR DL B TR IE S o ANTE AR R AR 1L A H
DUR T L AES Ty 520 (Kos ) 20)2 o BRI A
BE 1y M AR TR R B P T 5 AL DTSR
ZI7E 79.1~72.2 Ma( EEEFE 2, 2015) . DU GAHN
TR I R ARl 73.6 Ma( FERSE, 2015),
TR AN A B 55 O AR A AL R A
H A A e A i R B (Coniacian B 1 2
Santonian) (J# 3¢ 845 ,2010) . ZE [, WU 5 4140)2
FTTTRR A Ay e 1 {H: B 8 ( Campanian ) .

3.3 EBESW

PRE 28— gt 1A, b7 filiAH 2 Hb AR 1R
RS e AR AR o AR TAESS A A%
Y NE I AT s S UL A B i s/t N SR R IRV T8 T
E(E3) . BB UIHANURTIRZ G TR A Z 2
T RERDURRZ . 25 A e h PU R IR /K 2 b
FFRIR Z 3 2, A R R B A 2 v
AU 2B 2 W B R TR, S0 AT TR L 2
THER RS, BREA A E S
KRR/ U o O = s o S S O 7 W =T

LA AR IULTZZ T o 55 4 WAL i b
RS SRR ST R WS T AW VAR B A A i EAN = e
To 1.3 405 5H F2 2 e —BE R A5,
A EAE TR A R 8 3 B R
4 -EH RS

W AL 2
41 MWERBT FHEI-EERFHHNBEMAXER

W2t T B 2L R AR (AR PSR
WLRFAE U] A (T 4) , DA 3 A SR 2 3t Ay S X4

T

2 SRR SR A RIS R IR (A5,
K6, 7)) LIE /b A T IR () 2400 T4 )2
RA)ZZ AR LK 6 SRR A A A
W =SSR 2 i LR BRI - (1) VG R RE IR
F M (1] 5) BBV & 8 S8 DX 3B rh R 2 e i 1
T EERATUR S, Lo LR G dlar
2o Bl IXEE B2 2 7E 100~400 miEFIN , £
AbP= IR Jedl e th T2 5 KR A H )21
W SR T L2 (2) R sR R 2 W ar
2 PR 2 5l 7 1) G R O ) R (KL 6) Fn s
WAEF- (D 4) sl 5w A BON P 4R B, R
HH RS G B S IR AT R B RS
5~6 )=, HAPREER R E . L LRP R EHY
AL . A X 2 2 7F 50~300 m i
BN, 277 T IRGR A v M R R )2, S5
T2 Q) REHIXANITL N2 2 B2 500
RN Y 23 ) DG R WA (R 7) o 7
WOR B R A B LUK AR A e 5w X
AR R B BB A5 )2 50~200 m TS Z N . EA
TEA MBS ARIT - (Jinetal., 2016), EFFLILT
JZ LT B L B R {65 B R B O A B Al SR
FEREA R . (4) X AR PEHBLL 2 Z R A HLTZ 7
052 F R A2 K B, 7E A TR DA R 8 1) 2% 1
TR BRSO )22 6] 58 S B 1~6 4 i
JERN MR RE)Z 502 2 AR5 A B S~12 40
WK FRIE , J5# WoR T 08 0 4h s i Ak
HAERME S (5)FEas ] b mb s Al s =
FARSREHZZRIMEN, =& %I,
BRI a5k . 83 R TV O VIEZL 2 R
SR T 1 BIEES 3 4R, X =L
JEH AR KB TR A AN S S
HAb LT )28 KA 5 LB (6) 8D A L4l B Al
212 54 U HE R B €0 )22 A I B AT O L0 2 i 7
SN, BB /N T 500 m, ZLMRA RIS
L3N S R Y TS T L S e N =
GRSk Kk H T 2000 4 mEL AR A KD A I K
o RIKER A, AR T~ AHERD T
B E AR (I HESE,2015) fH 8 Z AR
DA S H . R T B R R Je s e i A R E
(AT P2 G0 5 28 P2 2] AL 1 S s 0 v R il
7 (118~111 Ma, N BERE, FE A R) , BIBEE KT
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Fig.4 Photographs illustrating outcrop scale of red beds and organic matters beds of continental basins in northern China.

Junggar basin:a—Red beds of upper Jurassic Qigu Formation(J,s¢) ;b—Coal in the black layer of Xishanyao Formation(Jx) ;

Ordos:c—Middle Jurassic red beds in Zhiluo Formation; d—Coal-bearing series of Yanan Formation and yellow sandstone rich uranium;

Songliao basin:e—Red beds and calcareous concretions from upper Cretaceous Yaojia Formation(K,y) ; T—Hydrocarbon generating shale of upper

Cretaceous Qingshankou Formation(K.gn)

2500 m, ATRE S Z A Ko I3 — St 2 g
X I 0 202, i F R 2 A
- ud, Bl WA R R ™ 1
g
4.2 -BERRMETIARE

AR TAE N (Z1)2) —ad PEHF — 38 Ity
CGREMRGTURE ) WS R 2 b B—rh R 2 i
PELA B AR Z AL 28 R Kb e
FESEAT T R T R I S AR 3 A (5K R
A 20165 PN ,2017) . BFSE 2. (1) B.Sr
1 CuJtE M Fe*'/Fe* \B/Ga.Sr/Cu #1 FeO/MnO H.{H
ELLZMBOZZAWE 2R Fe fA7E+2 Fl+3
M, HA X A 34 J5 s g R 5, Bifi b pH 9 AN
A, AL SN A KA AR, —BIA K, Fe’'/Fe’>
1 if R KBS, Fe? /Fe' <1 N AL B85 G IR 1E
1997) o AR TAELLIZ A2 Fe' Ml Fe™ & i i
MR A S B, B R AR A
Fe’'/Fe' L HAA b K L2 A B (P 4 I
IR AN = =y o e DS R X N =g O

T2 A W25 R AE TR MU B R A8 4, Fe™ /Fe® /i T
0.04~0.36,F-140.19(n=10), /N T 1, /R B8 A 4
GG . R A5 2 S s m E A8 1 s
Br(HEV U T B, ZAbn] WLk 8 S H HLET, Fe* /Fe”
AT 0.12~1.56, F2I{H 0.57 (n=6) , 4L 75 BAT K,
SRR E LIRS . N EBRR AR AR S B
(REZ2) , KB Z 2R A DU R 5 i RL AR B
B Fe /Fe v T 0.41~3.66, T34 1.84(n=12) , £ K
T 1, BN BRI IR F A EE . Fe,05 7 i 7E 2.59%~
10.71%, F-HI 55 6.62%, ki T Rl 40 2734 &
i 1.93%, iR TR EmERTRAE)Z.(2)
U/Th HEAREECK : EEBLLE A B (HY A FBL),
U/Th A T 0.08~0.76, “F- 1 0.3(n=10), &5 % 4H
TEUThF0.12~3.24,F#)1.26(n=6) ., FHPHE
O Z AP A B (L 4]) U/Th 47 T 0.16~
0.35,F350.25, £ LR )Z MR R G HZH
U/Th AR A —Z, 1M ) 3k 8 B B2 U/Th & /i R
HA~548, onrh B ERTBEA )2 U B im o
U 5 B SEUUE X, (3) S Ah—AN I i (25 st e T
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S S b Sy S PR/ e p o) =i 0F i A S E | X S B AN
taless A AT R AR A R DTS s S
[ AL I A8 bR . 21)2 R 2 B0 7K A T
ARSI K AR, TR Z N & B KX
FA ), X2 AR O] RE SR AT ORI K AR R
TRIZUURES ], S 80 P A = 4% A LTI
PRAFE RIS, W= A HUTFE AV E R AR TR
YIRS L DT B A A B

AT L2 R R S TR IR B A AR Y
N, —F S AN A2 4T e T R e iR A8
B A SR T 8T AR IR B ST AR
I JZ R 2 & 75 K ¢ )2 (Miki, 1992; Hofmann
etal.,, 2000) , SLL)JZAAAE TR LA (R . 72T F b
W, SIS R D e 5 78 e A e A R E
AT, 5 A B A I b 2 R (B2 445 2013) [RIA
PUEAR —F, 5 — MW D )E A B S s
TN, H I IR T B LA SRR T S T
it /K E AT LAY ( Turner, 1980; Van Houten, 1968; 3%
1655 2013) . HEFHIAE (2008) W55 T e 2 &R
21 )22 A ML R A2 R E R B, B2 LAk
R T L2 5~1045%, 212 DR AL T35 210 4
FRIRES , SR Z WA TR IREE o A A= vkt i
N PR RS Gi e i AL 2R AT TSR
FO AT (XBEREES, 2015) FIAS TR b 18 k52 4
AERTAENFER , RBANIE R A Ak
AT (T EMEAE , 2017 TR %55, 2017) , hEk
PRZ 55 1B AL AR A A AR X D (P
%,2017), AR A S RBEZEPear
B g WA 256 H TSR E R S0
JZ o FRATIA AR BT 20 % B T ilig iy, 554,
S I 2 AR o AR TR BT 8 88 1 R Al
1) A2 7 27 T X B A5 I 212
R B2 P 2 A, B — 2T 2 RS v R & A
S EIIG(F 3), TISLLZ M2 TR B
R I R A A R R ) B K R, 41 )2
FEAT] IR — P B A AR A 2,
JE R TR 7] 437, oAb AV E B ad A rp 4Rt T 4 AL
A1

2 LRM, )2 R AR T ORI =,
7 28 (0 )2 SR 308 JEAE F R UUR A P= 4, — 38 F 2T
— A R M ORI AL, ib B e = T

BTG H I BGE IS T .
43 RTL-BERZXMT MY HEH A L=
M ESABFFERR A, AL D7 BEE ™ B A
e 2 I B2 3 T - RAE R 2, HE
RIHITRA R Z AR, B AL E G R
BRI A Y 32 2 SRR O A R S
Jit A e, JU R Al A W BOA G R B T BRI
‘7. BOERNGEME YOS G s, Rl e
Yyt AliE TR . BoEr EALLR
BEJE 2 BOFE I (E DR, 1988) , U L HBBRZT )2 T
HRAR K B R UL A B QRSN 22 A Bl 5t
e T REAL S ) 2 HOR i R . ZLJRAE N
AR R KA U A — S0, oy A
TR T A BEAT R U I8 5 X T8 i
PRBE B0 IR B A S It 1Al R A Al
WA A & H AR S S TR 5w A LR
JZ R F T BEA W B A B GRX A M
2005) o XA AFEE T I -E R PR
fihats e WA F2 2 T Al AT JZ A FEZ A . M
LI RJZ SRb A T B oA 1 (18 2) al LR
JRUER TR T T RIRIZL)R , 202 R Gl s
AR R RIS B AR A, (I
Bk B R A BT IR, RS 20JR PR A&
WA R EEA BV AR . - R
Fi i) 243 %68 DX S 4 B8l A B 4 1 TR S
LR R R AZE AR T AR A AT
FE ORI H 1R

5 4t i

(1) E G A= AR AR b P 7= i ) 2
o RS R 08 DU IR I8 i ) A fE A
BRfG AT Uy o X Fh AR b R KA 5 At i)
TE RN T AR, BISAAL A FIE L )Z,
SRR a2 Mt T R A R T
Y iiE st 7R

(2) g TP A AR AE 6 IR KR ) 5T S 212
A, BN 73508 « T PR tH—m ok 2 i R
(Bathonian—Oxfordian) , II . [ ¥ {if K b 4
(Berriasian—Barremian) , III 5 4 ¥ {it &
(Barremian) , IV B 7] 2 i 5. 1 (Cenomanian) , V i
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H 2 i o 1] (Coniacian) 1 VI M 1 2 1 1
(Campanian) . HATVHIVIHZLZ 2 N U SR
2 MRS E R I A 1 3 B TR
R

()b Jr fi AR A b Ab A AV S R A R
FERyZS LA . RIEH AR 1Y, 202 U0 T 2R
Rz ERRAERE SRS A E AR ()
ZRE TLZ5RE)ZE PR KA SR A1
FMAER S, XA — 2T R Al R A
TAEEAEENESE L,

B BT R B KB E MR B
SR8 A TR R 8 L K A | B R T R
RFMBEAGGEF S BT ONKRERA,
w3 5 A R IR RN BR A AR, R R &
FOCINLH DR A R A R
K, P EE R E A E R AR EK
R, ERXARFLT T H BT, Al —
R ENHE,
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