e MRS SRS

llﬂlﬂ—;‘f El,ﬁ.ﬁ 2020-04-08 E doi: 10.12029/g02020Z121

HEI R 2020-05-09 DRI AR KE, KR, Tha A, AT, A, VB AR, B 2020 3R /R 3 M A AR K
DA RARAELEIE RS Z AR M [J].F B, 47(S1):231-240.

BB LTI RBR: KE; KRR, I, SRR B 47 2 b %8 b R B Ah 3R 45 LA B B = 4 sb AL A M
(VD). PERFAEESRERFAE TS [ QI ], 2017, 2BRFFAME [ #4550 1, 2020-06-30. 10.35080/
data.H.2020.P21; http://dcc.cgs.gov.cn/cn//geological Data/details/doi/10.35080/data.H.2020.P21

HEWMB: BRESHALITRI :
( 2018YFC0604200) . & '
RESEMBRERIY |
(973 ¥4 2015CB453000 ), !
ERIESE SN
P675) ME % B, HEME |

e 0 SRR S ER A R R K R S RS TL
' WIRER S = S RS RIM

k=" kxe"Y aaH g kst
Irs” mes" AIE"

(1. PEMFAE /R ERFTAE P, KE 3001705
2. PENGAE SR ERAE P CERBERRST T EIRE, RE 300170)

FE: SR S M i %m0 K AR A ] 5% RAF. P B AE B A E R R AR EH
TA4 e 2 Z @R RAE IAE, AFRTHZH 2T R XA B4R, KA “Hih
FIRT, AR I ER, AW TR CZAFERARY, FREIES
RAFR, ZRT 354 alim4bil (P ik s 2R Aha (L)L 49 0 ) F= 21 04k
FIEAEIL (AP m (k)L 16 v ) MsIBERE&E A, A b3 T EHRE
BERZBIFRR, ZRBEELIE RS MERMERESMER ., KB EFAEL
B, MABIERFAEE ., SAFFEEE ., ZHBFTFFEALAFEARREE =
Yy AR L AR, A A IR TT R IR T A A X AEFRSARR
KR A E A A AEILEEE R SHHRER,; FEAME IR, TR EK; AR
ek

HIEAR 55 RS ML : http://dcce.cgs.gov.cn

1 5|8

TR IR 22 1 kb 2 457 AR b b 8 B AR AR R BB Y B A A (R A
2007), A EEZEAWMA. . AEZ R KRB — (AR, 2017
BB AR 2017a), AR GE IR E k2 ACME, AR Bk 250 2 () E
i, 20185 APEGAE, 2019), Rl T E 25 PG & B A S SCIH B R T 28, i1k
R E L AR R AR VR RN RN R, LA SRIG RO A, b AL 2
TR R BRI 2 —, 2013 4ELIKe, v ) b J5 i e Jeg O T b I o v 2H 2SI i
TP E RN 2 R E SRR AR, ISR TR RS A AV
HUCH ERR, R B B pBr R, PR L Ik A FLRORNEAT

F—MEE R K=, B, 1990 5, #t, BEHTR, EE2NFERTFT AL SR IAE; E-mail: 571938243@qq.com.,
BIRAEH R TRRAE, F, 19854, AMd, BIEAFRR, ERAFRRF FAE 5K T4E; E-mail: tianfuzhang85@163.com,

http://geodb.cgs.gov.cn FIEH#EE 2020, Vol.47 Supp.(1) | 231


http://dx.doi.org/10.12029/gc2020Z121
http://dx.doi.org/10.12029/gc2020Z121
mailto:571938243@qq.com
mailto:tianfuzhang85@163.com

vh [E ZRAR S AR SR Ok R A AR AR TSR £ RS = R AR M

GEOLOGY IN CHINA

CTUIFRAAT, PR ARG, T I R A RO R AL, Lk
KIFHATARIAE, BUS T R (4414, 20145 G4, 2019), TERFHE
(G EITEL 28, 20135 K =%, 20165 JinRSetal, 2018; 7K RAMEZE, 2019). 44
HZ (M5, 20175 ). A HER L2E (XRS5, 2016; KRS, 2016, 2018).
MRS VE B R (MRS ARSE, 2017b; PREDZSE, 2017; BERESSE, 2017, 2019; Jin RS
etal., 2019) FFJ7 AR T RIS R o

AU FE B B I (5] 1a) 57 T 50K 2 M 2 B AU AR R &8 (151 1b), XN IEAE
FRAERES, WIRMEALT , RA—RIIUAR DT 0 R A RGP R T R4 . M2 PR
PRI LTI, Wi/ T 5o outas, 20065 SKEFFIE R, 2006), XPNH#-H%
JZ, FEFEUNRYNAS HMEE, AN E KR =B S KA (Ty) AR X T2
TMA)R), TP G ELH J )W AKX FEN SRS R), PRV SEESH
L) AKX FEREME R) MG EH (Ja), FHESIRIH (K ) FERAH (K h)o

g

(Dl |
b, :

| SRS ESEER KA (o, MIERYIEGGATES . 1006) BESTLAT
B (b, KEEEFES | : 50 FEs i REELEE)
I—HbHEAT B AR 2—EGFLALE; 3—BR-E =R, 4—&FHE,; s—&EH;
6—HPM; TR, R 9—HZ MR 10— XIS,

HFaw )
l B 2 3

JIEAL

ﬁl Joap ‘T [ Ta¥

1K

Q-8

Kz ‘4‘ Ta

5‘ Iz

232 | http:/igeodb.cgs.gov.cn HEHEE 2020, Vol.47 Supp.(1)



g’f % 7 M G T R AR AR AL AL R RS = R AR M MERI S HIEE S

: i STESFL ORI E S R b B 0 e ELSC (S Bl B, B T A Pt I
i%%\Wﬁﬁﬁ\mi%iﬁﬁmﬁﬁﬁ,ﬂﬁﬂﬁ@ﬁT@%ﬁ%ﬁ&Eiﬂﬁ%%
iMﬁﬁiﬁo%%ﬁﬂﬁ@ﬁﬂﬁﬁﬁ%ﬁ%%%Iﬁ,H%Eﬁ%TﬁéﬁE%ﬂ%
iﬂ,@%ﬁﬁﬁﬁﬁ%iﬁﬂﬁﬁﬁﬂ,%%Eﬁﬂﬁi%ﬁ%%%?@m,ﬁuﬁﬁ
COBAREINE . A A R R TR R, XA S TR ) S N FH R 7 R
i%ﬁﬁﬂUﬂ%ﬁ%JMQ,Hﬁ:ﬁ%ﬁﬂmﬂﬁﬁﬁyﬁﬁiﬁﬁﬁEﬁﬁiﬁi
iW,ﬁﬁﬂﬁ%ﬂﬁiﬁﬁ$ujﬁﬁ2m30ﬁﬁ,ﬁ%%ﬁ%ﬁﬂ%ﬂﬁﬁﬁﬁﬁ
iEﬁﬂM%%ﬁ,ﬂu%ﬁmm%ﬂ%ﬂﬁ%%éﬁﬁﬁﬁﬁiﬁ,%ﬁ@ﬁﬂ%ﬁﬂ
iﬁ%ﬁ%ﬁmﬁﬂﬁ%ﬁ,ﬁﬁ%ﬁlﬁ&%ﬁﬁﬁﬂ@,%A&ﬁﬁT@%%%ﬁ
(A RS, 2009; H/NETEE, 2012; HRZEEESE, 2015),

: ASCTAE R EF A H “Ab )y S aba B ah i i 5 dosys” mH %
i%,éﬁéﬁ%%Tﬁ@ﬂEﬁESﬂ%ﬁE%ﬁﬁﬂ,%%%#ﬁﬁ%ﬁ\ﬁﬁ\ﬁ
iﬁ%ﬂ%ﬁ\%AW%ﬁAﬁ,Eﬁzmmmm%ﬁmﬁﬁﬁﬁﬁﬁﬁﬁiﬁoﬁﬂﬁ
CORb L, JRRBURE S ARG A, JRAS A B FLIGIE, i T 2 RS EHLR . 1
iWEE%@%@\ﬁﬁﬁ@ﬁ%ﬁﬁﬁ\ﬁﬁﬁ%ﬁ%®\ﬁ%ﬁ%ﬁ%ﬁ%@%?%
iEﬁ,#ﬁ#i@jTH%Z%%%%E%%E%W@@%@%@@,ﬁ%ﬁ%ﬁﬁﬁ
L RMLERL R

! T R =Y TR A L U R R S = e RV AR (7K 4, 2020) FEAR
FEAE 1R,

F1 BIEE &) tHEER
; %H E{iBUN
DOBARPEER) AR SRR 2T A M P 5 S MR B L RS e S — A TR

COBREGRIEE B &, PR R R AL
| SR, AL V25 KM 20

. IINSEHT, R A SR R R A O
v BRI ] Rl 2017—20184F

B, 108.7648° ~ 109.1581°E, 35.5163° ~ 35.8410°N; 1225 km’

i CEN IR R MapGIS (fawp, *awl, *.wt), “AEHbFBUB RS L% txt

L OHdE R 515 Ma

i B R 55 Rk http://dcc.cgs.gov.cn

I H Pl LA A 340 (2018 YFC0604200) | 3] 5 Hi s S Al 7F 9 5 i 1l (9733l

2015CB453000) . [EFRERELFHRIIGCP675)5 H % Bh . v M5 i 25 S Hh
JRIHAE T H (DD20190813)

R 3L
COBAREERAUL  ZERE R E G S R B AU0R R S LR SRR SELE . T
' JEARSE IR AF(HER A AR AL P | O S A (A PR A L O R e B
DA Bl R B 2 — A SRS B

2 HIMEERE

21 HIER&E
211 AR B FL TR
AR B g X O 45 HE b B4 7, s P BGFLS TR B 820 H1, B HI

http://geodb.cgs.gov.cn FEH#EE 2020, Vol.47 Supp.(1) | 233



bR AR S M o 3 T b AR 4 TLE T R = AR M 2

(1. pdf K2, T AR I 1975—2004 45, T4 243 g B 75 45 44 11 b G PR BA . 5B |
2 kmx2 km PRI G RE M 354 11, AGLEARRIRIE . TAMUEIE . SRR L . B |
SR T PR A5 MRS YR =
21.2 i NFEELR A TR RS :
YRR A FLEERE S AR R, A2k JPEG. PDF #& =0 H T30 o Hedk i s g2 10 5
R, LR TR TR
L TR L R 3 KO KRR L 1, JPEG . PDF A& SR T30 8R4I |
SR, AL SR B TR R A |
BFLBCRRAE 2 1 AR BB . TR EE . B A SRR |
SRS 10 MEURRAESR, Horh RIS HA LR R K 7 3. :
(1) 391 F SRl 532 (XMIC) :
I LRI B AR g AR FURATECR . TR A R
SR, RSWUMIRES . TUH AT . TAEERR. TARRE . EEGH . BARS L. |
S PG FSY . TS5 R . TR R R ) . SRR B (AT ) FIRE |
BT R IR 45, =
(2) TAEX A E B £ (GQIC) :
TARS BB TR G . TR AR, RS A %S . FURATBI . 57 |
B, TARXER, ERGF. 0RO B (5). P, BRR . TF |
HH . TR B '
(3) HhfLIERE(E B3R (ZKIC) :
HLILRES B R IR AL A B — RIVB LIRS B %, RIS aREE |
. HALEYSER . WEAKEMASE, WEBIGEE . WIFMARES . WA |
fige . AR RS (4 2). :

22 HiEAETE
2210 GBI S :

R RAE AN Bxcel Ml FLEE , Fllsd “ b A IANT LR RAE RS |
B TR E B . SRRSO — SO s BB BRI R A AL |
BRI A, B EROHUR GBS R A LSO AR R T B AT |
HHOPRE, IR BTSSR . SLIERIE (S S RS R PR ST |
EF S AL R R S, TR LEORE , FAMERR BB IR, St
il R TR, |

AL P 4 Sy A 2 R B 3 S B B
222 LB R BB :

(EAH TR, FERATEROBERTIA TAE D, R4 X AOFC TAE A AR Bl |
e, SO O K N R B BT T4 — A BAGIE, TR RS A |
VORHET I IR Ry . MR . R S IRALAG IS, 4 KB AR A
e DT LTS AR P20 24 T o I S . e, A |
VTS LRI 5 = e TR Gixplorer $E4% Sl MR 301 . HRREH) |
fE . IR AR ST I P LG, H R AR A, R AT ARl o R A T A
AT TEE B, I 305 A LB P '

234 | http:/igeodb.cgs.gov.cn HIEHEE 2020, Vol.47 Supp.(1)



Z%F R % 1 & Moy 3 1 o, R A S AR 4L JUSRE & B = 4 s AR R ) MRS RIE L

FERRDERE BHiE®E s ER WEEMELS
PK |zHZZFC PK | YXMSFC PK
FK1| % 4L g 5 FK1 !nlm*t.fhu &) FK1| %
5%!‘”_ 4
Www )
B R
4-'11' i3
A
(S
= ik
M‘(ﬂiﬁﬂ /1 E
= L]f B
X fth (85 A3 B 4) MH R HIER
L; Lz 1‘)' ﬁ]
v PK | CJQXSJ
paseT HAEEREE | |rc|Hims
FK2
PK |DCYS PK | &5 7L 4 & b LID
0 e i
FKA| B 4L 4 5 y2 FiF
E L, LA [X 45 5 R
/ L" kg i 2 [X £ A::: -3 ad w7
. b 9 EL};}*
18R v
e éhffdtzﬂwmkm-
+-F IJ.I! /{'fh’:}ﬁli +
5 i B 2 4R 'ﬁﬁﬁﬁ : :
5 | vians 9 frzs 7L e | (MR R M
e AR PR {claXP2
FK1 %ﬁ'ﬂ_gﬁu 7 7'\'--&517-151?%‘1
i 5t r)‘\']’ :J{‘il"fi_‘[iml F FKA| 85 L4 5
5 L = =L HH *rl IHTU .
A T 44 B e
j‘Jth i i Fe o ILM % }
5 Ay H:
. ?1\[1%31 hH-fLHr{MgI L

. B2 $hlEMREHERZEEHE EXBE/NEZE, 2016)
|3 SHFLEUERER A

534 SHERETRRE G HTH

B 7R T R P A ) 2 AR A R S R LA I B AR A =
*mdb, BAELEMUE 2, = YA Gxplorer iff 77 5 A4 - 1T B8 5 PR AL A
BEHOR SEIF I A EAR I HIVE , 38 &l R DU G S EZR A . Eils RTURHR
PRVRIE . b2 )RR SR HL R . MR R RS ] . SRR HALIREAE (51 3), fRptms
g%%%%@&%@#%ﬁﬁM@mahw,mw*wo%ﬁo

| 32 SHhRERIGE

; WIS X RV B IR 8 . DAPEEIT RARR AN &, Wi R R T, MU IR
LB, RS S A TR TR A S T . A R A R T R B A AR O
LRI RSB MR AR R AL A (5 LR 4 2 ) B
A, PR R A P RO E R R, TRREON 1, i A S S A
T, PR DB 0 PRI T A OB RS, Pl R B
RS A R (5] 4), SRR ) 1 AR G AR B (b
OBUR) RIS CRIRUR) | ARRRGR R (5L ARUR) LI i S0 O )
YRR S A R 0 AL TR, R SRS R PR | R
LR R TRV SERE . SRR T 2 A o MR S s

http://geodb.cgs.gov.cn HEIHE 2020, Vol.47 Supp.(1) | 235



vh [E FRR B W A M T X i AR A TURIE R G = SR AR R A

GEOLOGY IN CHINA

B3 SREETEMESERISXSRSMERRIINRE NS
a—HP U TR LA b— BB AURMUR R B ELR IR o— B2 A TR IR LR AT 5
d—HP MR EELR; o~ HP N RIEEEELE; —HP A SR EELE

B OCR, AR =2 ZHELL PR A7 (A5 200 i B 5 i =2 I e o7 SRR AR (e
PRRRTY) (0 HER 1
Eiﬁi&ﬁﬁ%mﬁﬂﬁ*tﬂjﬂ Eclipse GIRD RERVEHE (% txt) 45 X, AR AT L0

ARSI . VBRI URU L A A, B LR L

GEEE %Hw‘ﬂ:%tlﬂ?;z c@@%ﬁaﬂeﬂmzﬁ&%mmﬁ%mﬂé (1@ e, @@,

— e TR v

i
1
s
140
1

236 | http:/igeodb.cgs.gov.cn HEHEE 2020, Vol.47 Supp.(1)



LTI A AL (B L) S SR B M e P AR MR R A ) P A, 5
L SRR AR L FRFEAR B (KR, 2020).

Z axis

\
R, (N ——_\\_ - \/ [200m

‘;‘ | \ \
HE

E 4 SPREETZMESZERBX SR SHE R4 RENRE
(AEETASHERES HMEMAER)
I=GPHE s 2T 3—HP U, 4—ERA; SRRl (3L
6— it IR ERD A BB (1) SL

S000m

4 HERBEH

441 SRELBURREEH

L RETLMORR S R (LT T A A R AL e R R ) @
L iR, (RESCR IR . WERRE . B MERERSTRE, XA
L ASENZ AN ALEE S AMEE, BT R A A B . I B R R
AR B ) T RECR P R T, OB 1 AR 100% , T A 35K
' 100%, TUE R A RIAE) 60%, LAy 15%, fER A R TAG A, R A R
DB AR, WO LB AR AT T 0.3%, IR RECHE R 25 AT K
BRI 4L, AIRAERR RIS B, 6 AR AL B B ARG T
MR, BB T BRI A

| 42 EEMREERERRETRE

L TR AR R P B PSR A MR IR T AR U P AL AL 500
| IIRATEAAL, BT AT, AR BERLLY 1225 km', S5 EBEL 375 4, TLIEZ
L 2 km AT, AERURHLK LA R LR 1 km AT, PR AL AT
L1 Ta)e RIS HRRE R MPIR P 0 DR A B A TIX S
LMo, AEEARR AR, R SR A B AR I, IS L
ST OB PR T R A L LR P, BRI B AT 518 7RISR (3
;EE#%E@L%%@WN%E#\H%%N%E#,%@@%ﬁﬁﬁ%%%ﬁﬁﬁ,

http://geodb.cgs.gov.cn HEIHE 2020, Vol.47 Supp.(1) | 237



vh [E ZRAR S AR SR Ok R A AR AR TSR £ RS = R AR M

GGGGGGGGGGGG

I IR PR 24 SR AR P 5 B e, AR B 5 4L S Ay B T |
B, SR T ZFRETE RGBS, DUE R T . IR AT, CYERR |
HESERUR , 30T L BRI AT T E BV o R AR 3 ) |
TR P FLE PR T X G, DA AR, OB R R TR BT . = 2 |
ATLLIEATRIE  DIM . MPREE . Bcieih Rz BRI . RIS WL S S |
AR TR (4 5). '

g f s & .'I .'I
ﬁ}_— L
%5 | B0m

B 5 Z#mFEBaiesX
a— = AEH BTASFIARAY X Line HITHIE/R ; b——4EHbBTE5 AR Y Line #IHIRR 5
c— —HEHSTEEBADK PO T R s d— = 4EHbSTRMABEAL R RY 18] R

5 it !
] 55 0 75 5 S 0 4 5 X B PO D 0 LB P e T
fE, SR TSI 375 AL AL RIS AETL, Seik ERFLAMRISS), REB T |
FEIK, AR LS R A RIS A B B HRET T T PR R L, B T SRR |
B, ACG R R T RS T A, SO IER T o H R W AU |
PR MURERE | TOIRIREE . ArTbS . RUTHESRAIOSMBLE, AR S |
WHOBE I FLRE SOMBERS T AL, XEBFIE RS S 3 . AT R s |
R B BT T 5 R S S, A B B TR T & B s TR |
B, T S AR | L SR AT R T AL SRR TR, T L TR T |
AHEAT = AR B A AL, XK 2005 A P 4 A IO R F SRR T 100 SRR S |
FERI !
B o B M A O JL TR 5 A R T |
AR TR AE 6 SO BRI T4 AT, P2 ST IR R X TR |
SR T ARITZE AR PR R AL T R A R PR T H6 0, RS MR T 2% |
SR, ZEM— 6T TR, P A R B AE T ) S |
Bl . VORI 3 F R R /

238 | http:/igeodb.cgs.gov.cn HEHE 2020, Vol.47 Supp.(1)



g’f % 7 M G T R AR AR AL AL R RS = R AR M MERI S HIEE S

! TR

L@ BT . BEPEAS 1 ¢ 50 JTECT LR KB [R]. 1999.

@ Ji /17, MBI 2018, (b5 TEE A MR Al G FLSHR P i R BER ) [S]. o i
R T b R A

Sk

JinR'S, Teng X M, Li X G, Si Q H and Wang W. 2019. Genesis of sandstone-type uranium deposits
along the northern margin of the Ordos Basin, China[J]. Geoscience Frontiers, 11(1): 215-227.

JinR S, YuR A, Yang J, Zhou X, Teng X M, Wang S B, Si Q H, Zhu Q and Zhang T F. 2018. Paleo-
environmental constraints on uranium mineralization in the Ordos Basin: evidence from the color
zoning of U-bearing rock series[J]. Ore Geology Reviews, 104: 175—-189.

WRZDE, TR, £4F, 45 TLAL, @Ay [ 2006. BRIR 22407 4 1w 25085 S T R AL Rk S 5 AR
HIA X LE [T]. 80(5): 724-733.

WRED, 1 IGERE, WRIR M, x5, MR, W Ehmkee, B2, W, £ 5%, X8 2017, SRR Z i A
ARACHR B2 20 P 0 T B A A Al P A TR =X T R X Bl R A 4 R (3], b T, 44(6):

1190-1206.

HESC, SREEAT, R, iR T, R, Tk, AR, PREAE. 2007, b [ 0k 2 20 b3 A48 o 5 112
SR (J]. U, 81(11): 1449-1461.

THIGENE, A, W) ChER T, AR IE, BOARE, BRED, PRIER, A, JRER, FO0HE. 2017, SRR ZH A
AR AR B R BT 5 SC [0, TP L LR, 44(5): 993-1005.

IGENE, I, AT ACFE. 2019, BB SRIR 220 4t AR RSl RS A FHATFE A 1 IR (0], b3
WA 55T, 42(2): 96-108.

ST, B2, 2013, W E Gy S AL A R e R SRR R R AT [T]. MU SRS, 36(2):
81-84.

G, W, BGAR, IO RIS, A, ZO0HE. 2014, HENE R ZIHUAR SRR RIS AT R A0
539 J51m) [J]. HUFTER, 33(2-3): 359-369.

Grrid, BRAT, R, W SRR, WRRAR, R, IR, B, AR, TRORAR. 2017 L)y
W oy A AR A A £ PR RS 7 X b RV R PR Y R 24 D). o BT, 44(2):
205-223.

XD, ks, F Sk, A58, 200, BREN, FREERE. 2016. BR/R Z Mk th AR JL b4 B4l B 5 T
FHbERE AR R BT R X [3]. MBI S55%, 39(3): 169176, 183.

BT AR, A, AR, A, FRARAT, B, H N, BRAEAR. 2017a. tIEIAE TS OB A AR B D
IR A Sy T [J]. HbJSE AR, 36(10): 1830—1840.

BEEAR, BRI, SRELsE, AR, A, DRER, B R, BEA, ST 1L 20170, WA LB R Y

! A OEIRE R (1], MU A S5 F5E, 40(3): 210-218.

PNSLHT, Sz, SRR, RRARAT, 2o, SHIEAR, 4, SRR, &, RO, 2017, SRR Z Wb ak ik

L WAL PRI LG R SRR X (7). KA, 24(1): 32-51.

Il 2018, SHREAAIGT PYRITFERII (1), 1935 R 54635, 397: 69-71.

L E/INH, SRR, B, SKAEAK, BT, ThY. 2012, = A H AR R X TR M R 2 g B ST ().

http://geodb.cgs.gov.cn FEH#EE 2020, Vol.47 Supp.(1) | 239



vh [E IR B I 2 st B e K A AR AL SR B RS 4T AR R M

GEOLOGY IN CHINA

BT, (1): 20-25.

ok, PR, HRALIEE, AR AL, 2013, 56T b BN FL A5 B RO R I 55 A 0 S8 2% (3. b =T,
22(10): 134-136.

[l bR, EIF, IR, XRS5, XUGTE. 2009. HTAFLEHE A 1L =4k B S T AL BT (1]
Hh B S HIE, 45(1): 75-81.

RS, 8. 1996, I RAR T~ (M. Abat: £l Toll i i, 3-20.

FRZERE, E R, o BT, SPalhg, MDA, A2k, 38—09, B, 27K 36, 230, 1. 2015, 2%l
A DX == 2 ST AL P o RS b SO 3 R 1 249 TR 5 - DG B R SR R L X = 4 b o ]
R [J]. HuBkBl2, 40(3): 407-418.

Az, w Ok, A, W AR, S . 2019, SR LW AR b Sk PR IES A AR R (7).
Hr 5, http:/kns.cnki.net/kems/detail/11.1167.P.20191226.1700.014 html.

SKRRAR, DML, K, FEERAT, 20, ERIAK, B, 4 4, SRARDT. 2016. SRR 2 A At 4ok % 22
LA B APRAMIEICE . i+ o0 R HBRAL 2R AE B TURBRBE 28 3 [7]. M 24412,
90(12): 3454-3472.

SKRAR, sk, WIEAR, AT, 2R, A, FhSTH. 2018. SRR 24 A v 2 rh e R 2 T AL
2ERARFE R (CIA) AR5 B 78 S0 [I]. sbJSi A S5 HF5¢, 41(4): 258-262, 279.

SKKAR, T, FRARAT, THGAR, IR, S, Bofg, Bl e, 2019. FIHEE Sk . TR KR ib 45
B JEE 2 S — LSRR Z i A AR L R 2 2 01 (0], M F b BT S5 R, 47(1): 40-48.

KA, TRz, TRACER, P, FRRAT, K, 50, Dk, 4. 2020. SRR Z M # AR JL ARk
Bl SlE R = M A S A8 AR AT (9], E M BT, hitp://kns.cnki.net/kems/detail/
11.1167.P.20200508.1615.004.html.

SKRAEHE, BEE 2. 2006. W o A AR A AR et AR T e 40 15 90 R 22 0 b it [0, b LM R, 33(1):
28-40.

Kz, INSERT, TRRAR, EHHEAR, B, 2R, FURAT, B4, S, Bt 2016. SRR 2R
LS 222 7 )2 S AT AR AT [J]. HUBR=A4R, 90(12): 3424-3440.

Kz, TKRRAR, FMLHT. 2020. FRIR 22 47 4 b R 25 4 e b DR AN TR B FLECIR R i 5 =4 bt A A g
% [DB/OL]. #T R #4504 R 5. (2020-06-30). DOI:10.35080/data.H.2020.P21.

RS, 2, SRR, EALEL, SRRk, FRIGEHA, T ot 4. 2019, FR I = 25 i A b < e IR &%
A TS R4, [J]. HBERBLF, 44(3): 833-847.

SR/, BRZE, AR L, AR, 04, 2016, 675 BB A A B FL A RS T 2 SE 3 0], MR A
53¢, 39(3): 231-236.

240 | http:/igeodb.cgs.gov.cn HIE#HEE 2020, Vol.47 Supp.(1)


http://kns.cnki.net/kcms/detail/11.1167.P.20191226.1700.014.html
http://kns.cnki.net/kcms/detail/11.1167.P.20200508.1615.004.html
http://kns.cnki.net/kcms/detail/11.1167.P.20200508.1615.004.html
http://kns.cnki.net/kcms/detail/11.1167.P.20191226.1700.014.html
http://kns.cnki.net/kcms/detail/11.1167.P.20200508.1615.004.html
http://kns.cnki.net/kcms/detail/11.1167.P.20200508.1615.004.html

Received: 08-04-2020
Accepted: 09-05-2020

Fund Project:

jointly funded by the Nation-
al Key R&D Program of
China  (2018YFC0604200),
the National Key Basic Re-
search Program of China
(973 Program; 2015CB4530
00), the International Geosc-
ience Program (IGCP675),
and a project initiated by
China Geological Survey (DD
20190813)

Vol. 47 Supp. (1)

Jun., 2020 GEOLOGY IN CHINA

doi: 10.12029/g¢2020Z121

Article Citation: Zhang Yun, Zhang Tianfu, Sun Lixin, Cheng Yinhang, Zhang Qi, Wang Shaoyi, Cheng Xianyu,
Zhou Xiaoxi. 2020. Integration of Borehole Data and 3D Geological Modeling of the Huangling Area on the Southern
Margin of the Ordos Basin Based on Coal-Uranium Joint Exploration[J]. Geology in China, 47(S1):325-338.

Dataset Citation: Zhang Yun; Zhang Tianfu; Sun Lixin. Integration of Borehole Data and 3D Geological Modeling of
the Huangling Area on the Southern Margin of the Ordos Basin Based on Coal-Uranium Joint Exploration(V1).
Tianjin Center, China Geological Survey; Laboratory of Non-Fossil Energy Minerals, Tianjin Center of China
Geological Survey[producer], 2017. National Geological Archives of China[distributor], 2020-06-30. 10.35080/
data.H.2020.P21; http://dcc.cgs.gov.cn/en//geologicalData/details/doi/10.35080/data.H.2020.P21.

Integration of Borehole Data and 3D Geological Modeling
of the Huangling Area on the Southern Margin of the
Ordos Basin Based on Coal-Uranium Joint Exploration

ZHANG Yun "%, ZHANG Tianfu ", SUN Lixin "*, CHENG Yinhang *, ZHANG Qi ?,
WANG Shaoyi %, CHENG Xianyu ", ZHOU Xiaoxi "~

(1. Tianjin Center, China Geological Survey, Tianjin 300170, China; 2. Laboratory of Non-Fossil Energy
Minerals, Tianjin Center of China Geological Survey, Tianjin 300170, China)

Abstract: The Huangling area on the southern margin of the Ordos Basin boasts great
potential for uranium mineralization. China Geological Survey has organized and implemented
3D geological survey of the uranium-bearing rock series in this area to seek prospecting target
areas of in-situ leachable sandstone-hosted uranium deposits. During the survey, the data of the
coalfield boreholes were developed and utilized again to determine exploration areas under the
guidance of new ideas of joint coal-uranium explorations and joint petroleum-uranium
explorations. As a result, the data of 354 coalfield boreholes (49 potential sandstone-hosted
uranium ore boreholes) and 21 verified uranium ore boreholes (16 industrial uranium
mineralization boreholes) were acquired and a database was created accordingly. Furthermore,
a thematic result atlas and a 3D geologic model were established, which mainly constitute the
database. The thematic result atlas includes the isoline maps of stratum thickness, sand body
thickness, the burial depth of the roof and floor, sand content and radioactive anomalies of the
uranium-bearing rock series. Therefore, the database will provide active support and service
for the exploration and development of uranium deposits.
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Integration of Borehole Data and 3D Geological Modeling of the
GEOLOGY IN CHINA Huangling Area on the Southern Margin of the Ordos Basin Based on Coal-
Uranium Joint Exploration

1 Introduction

The Ordos Basin is a large-scale Mesozoic-Cenozoic intracontinental superimposed basin
located in the North China Craton (Dong SW et al., 2007). It is one of the large-scale basins in
China where multiple types of resources such as oil, gas, coal and uranium coexist (Jin RS et
al., 2017; Miao PS et al., 2017a), with up to 2 trillion tons of coal and up to 25 billion tons oil
and gas (Sun YM, 2018; Zheng M et al., 2019). Uranium is increasingly demanded as a new
and important energy and strategic resource in China, due to the rapid development of the
economy and the construction of an ecological civilization. In particular, sandstone-hosted
uranium deposits have gradually become one of the major uranium deposits explored in China.
Since 2013, the Tianjin Center, China Geological Survey has organized and implemented
comprehensive surveys and evaluations of multiple types of deposits such as coal and uranium
in major basins of China, aiming to seek prospecting target areas of in-situ leachable
sandstone-hosted uranium deposits. Under the guidance of the new ideas of joint coal-uranium
explorations and joint petroleum-uranium explorations, the data of the boreholes drilled in
coalfields and oilfields were developed and utilized again to research exploration areas, screen
and delineate the boreholes with radioactive anomalies and select favorable prospecting target
areas and in turn verify them via drilling. Breakthroughs have already been achieved in the
aforementioned aspects (Jin RS et al., 2014; Yu RA et al., 2019). Alongside this, great numbers
of research results have also been made in sequence stratigraphy (Jin RS and Qin ZA, 2013;
Zhang Y et al.,, 2016; Jin et al., 2018; Zhang TF et al., 2019), biostratigraphy (Sun LX et al.,
2017), lithogeochemistry (Liu XX et al., 2016; Zhang TF et al., 2016, 2018) and the
metallization and metallogenic rules of uranium deposits (Miao PS et al., 2017b; Chen Y et al.,
2017; Feng XX et al., 2017, 2019; Jin et al., 2019).

As the survey site of this study, the Huangling area (Fig. 1a) is located in the southern part
of the northern Shaanxi slope of the Ordos Basin (Fig. 1b). It generally features weak
tectonism and is mainly covered by a series of gentle and wide folds spreading in a NE-
trending, with no fault structures developing. The stratigraphic attitude in this area is gently
inclined towards the northwest in general, with a dip less than 5° (Chen HB et al., 2006; Zhang
YQ and Liao CZ, 2006). This area is widely covered by loess. The bedrocks are mainly
exposed along deep valleys and include an upper Triassic Yanchang Formation (T;y; main
petroliferous stratum in the Huangling area), lower-middle Jurassic Yan’an Formation (J;.,y;
main coal-bearing rock series in the Huangling area), Zhiluo Formation (J,z; main uranium-
bearing rock series in the Huangling area), Anding Formation (J,a) of middle Jurassic and
Luohe (K,/) and Huanhe Formations (K;/) of lower Cretaceous from bottom to top.

As the most authentic information carrier of underground geological conditions,
geological borehole data contain important geological information such as lithology, physical
properties, logging curves, testing and analysis and hydrology; thus, providing authentic and
credible basic data for geological exploration. Massive data on coalfield boreholes in the
Huangling area have been accumulated with the drilling in large-scale regional geological and

mineral surveys. However, most of these data are disordered documents and images and thus
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Fig.1 Geotectonic location map (a, tectonic zoning is based on Yang JJ and Pei XG, 1996) and
borehole distribution map (b, the base map is based on / : 500 000 Digital Geological Map Database
of Shaanxi Province ) of the Huangling Area on the southern margin of the Ordos Basin
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1—Geological location and name; 2—Borehole location; 3—Quaternary-tertiary; 4—Zhidan Group; 5—Anding
Formation; 6—Zhiluo Formation; 7—Yan’an Formation; 8 —Yanchang Formation; 9—Stratigraphic attitude;
10—3D modeling Area

cannot be shared and applied among different industries, making it difficult to realize their true
value. The integrated application of relevant geological data has become an urgent need with
increasing prospecting of sandstone-hosted uranium deposits (Zhou XX et al., 2016).
Furthermore, the secondary development and utilization of these geological data help to
effectively reduce the blindness and repetition of geological work, thus greatly improving work
efficiency (Wang B et al., 2013). Meanwhile, 3D visual presentation of the geological
information derived from borehole data will intuitively exhibit the spatial distribution and
mutual relationship of various geological bodies, thus maximizing the intuition and accuracy of
geological analysis and facilitating decision-making and automated map drawing of
exploration engineering. Previous researchers have made successful attempts in the 3D visual
presentation (Xiang ZL et al., 2009; Tian XF et al., 2012; Yu-JJ et al., 2015).

This project is supported by a national geological survey project titled ‘Survey and
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Exploration Demonstration of Sandstone-hosted Uranium Deposits in Major Basins of North
China’. During this project, the data of 354 coalfield boreholes of the Huangling area were
fully collected for the first time. Then they were collated, scanned, converted into desired data
types, input and then integrated into a database in accordance with uniform standards, with the
grid density of 2 km x 2 km. After that, boreholes with radioactive anomalies were screened
and then verified by drilling into uranium deposits. As a result, a thematic result atlas was
prepared, which includes the isoline maps of stratum thickness, sand-body thickness, burial
depth of the roof and floor, sand content and radioactive anomalies of the uranium-bearing
rock series in the Huangling area. Furthermore, a 3D geological structural model of uranium-
bearing rock series and sand body models of the Huangling area were built. All these will
provide basic data for the exploration and development of uranium deposits in this area.

The brief metadata table of the dataset of the thematic result atlas and 3D geological

modeling of the uranium-hosted rock series (Zhang Y et al., 2020) is shown in Table 1.

2 Establishment of Borehole Database

2.1 Data Acquisition
2.1.1 Collection and Collation of Borehole Data

A total of nine coalfield geological reports of the Huangling area were collected. There

Table 1 Metadata Table of Database (Dataset)
Items Description

Database (dataset) name Integration of Borehole Data and 3D Geological Modeling of the
Huangling Area on the Southern Margin of the Ordos Basin Based on
joint Coal-Uranium Explorations

Database (dataset) authors Zhang Yun, Tianjin Center, China Geological Survey
Zhang Tianfu, Tianjin Center, China Geological Survey
Sun Lixin, Tianjin Center, China Geological Survey

Data acquisition time 2017-2018

Geographic area 108.7648°-109.1581° E, 35.5163°-35.8410° N; 1225 km’

Data formats MapGIS (*.wp, *.wl, *.wt) for the atlas, and *.txt for the 3D geologic
model dataset

Data size 515 MB

Data service system URL http://dcc.cgs.gov.cn

Fund projects Jointly funded by the National Key R&D Program of China

(2018YFC0604200), the National Key Basic Research Program of
China (973 Program; 2015CB453000), the International Geoscience
Program (IGCP675) and a project initiated by China Geological Survey
(DD20190813)

Language Chinese

Database (dataset) composition This dataset mainly consists of a thematic result atlas and a 3D geologic
model of Zhiluo Formation as the uranium-bearing rock series. The
thematic result atlas includes the isoline maps of stratum thickness,
sand-body thickness, burial depth of the roof and floor, sand content
and radioactive anomalies.

328 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1)



Integration of Borehole Data and 3D Geological Modeling of the
Huangling Area on the Southern Margin of the Ordos Basin Based on
Coal-Uranium Joint Exploration

GEOSCIENTIFIC DATA & DISCOVERY(3)

were 820 boreholes recorded in the reports, which were drilled by the Coalfield Geological
Exploration Team of the Shaanxi Province during 1975—2004. The data of these boreholes are
in scanned.pdf files. 354 boreholes were screened according to the grid density of 2 km x 2 km
and data of these boreholes include synthetic histograms, project location maps, comparison
diagrams of rock strata and coal seams and exploration line profiles.

2.1.2 Data Type Conversion

It is necessary to convert the borehole data into the desired data types in order to input
them into the database. The steps are as follows:

Scan paper borehole data to generate.JPEG and.PDF files. Then digitalize important
borehole attributes in the data according to the data acquisition items. Next convert electronic
borehole data in various formats into.JPEG and.PDF files. After that, acquire important
borehole attributes according to the data acquisition items.

The borehole data to be acquired mainly include basic information of projects, survey
sites, basic boreholes and attributes. A total of 10 data tables were formed, among which 7 of
them were involved in retrospective collection of coalfield borehole attributes.

(1) Data table of basic information of projects (XMJIC)

The basic information of a project mainly includes the No., name, the administrative area
of the project, the basin where the project is located, the name and organization code of the
project undertaker, the leader, goals, exploration level, main mineral types, total investment
amount, start date, and end date of the project, engineering layout maps (scanned maps),
exploration line profiles (scanned diagrams) and forms of sample analysis results (scanned
diagrams).

(2) Table of basic information of survey sites (GQJC)

The information about a survey site mainly includes the No., name, project No., and
administrative area of the survey site, the basin where the survey site is located, the area, main
mineral types, quantity of mineral rights, magnetic declination (degree) of the survey site,
coordinates of inflection points, coordinates system and start date and end date of work at the
survey site.

(3) Tables of basic information of boreholes (ZKJC)

The tables of basic information of boreholes consist of basic information of boreholes and
a series of data tables of borehole attributes, including the Beds based on synthetic histograms,
Lithological beds of boreholes, Names and codes of strata, Colors of beds, Configuration of

logging curves, Data from logging curves and Bending degree measurement (Fig. 2).

2.2 Data Processing
2.2.1 Borehole Data Collecting into Database

The borehole data collected in an Excel format were checked for accuracy, integrity and
consistency using the borehole data collection system software for sandstone-hosted uranium
deposits. They were checked. retrospectively according to the error types prompted by the

software and then modified until the software prompted a “no error” sign. The database was
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Fig. 2 Logic structure of the data tables used for acquisition of borehole attributes
(modified from Zhou XX et al., 2016)

mainly established by the following steps: First, link borehole data according to key fields and
check. Then import the project information, key information of boreholes, basic attributes of
boreholes, various maps and scanned sample analysis reports into the borehole data acquisition
system to form the borehole database. Meanwhile, the database was ensured so that it could be
operated normally and the statistics, queries and retrievals were made correctly.

All borehole data in the database are original raw data.
2.2.2 Adjustment and Updating of the Borehole Database

Careful attention should be paid to the previous coalfield exploration, as the staff working
in the different exploration areas tended to carry out the exploration using their own methods
and process and correct the information about strata and coal seams solely based on their own
exploration areas. Therefore, the comprehensive utilization of the data of multiple exploration
areas are often restricted by disordered and non-uniform stratum division, stratigraphic units
and coal seam numbers. This can lead to severe difficulties for the establishment of regional
petrostratigraphic framework and the comparison of sand bodies, thus seriously restricting the
research on metallogenic rules of sandstone-hosted uranium deposits. For this reason, in this
project, the borehole database was linked with the 3D visualization software ‘Gxplorer’. Based

on this, a regional stratigraphic comparison was conducted through the preparation of profiles
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and fence diagrams and logging-seismic research and thus, the isochronous stratigraphic
framework was established. Once unreasonable strata division was discovered, it was modified

based on demonstration and then the borehole database was updated.

3 Application of Borehole Database

3.1 Preparation of Thematic Result Maps of Uranium-bearing Rock Series

The updated borehole database serves as the data source for the preparation of thematic
result maps of the uranium-bearing rock series. It is in the format of *.mdb and its data
structure is shown in Fig. 2. The planar isoline maps of the uranium-bearing rock series were
prepared using the plan data management and mapping modules of Gxplorer, including the
isoline maps of the stratum thickness, sand-body thickness, burial depth of the roof and floor,
sand content and radioactive anomalies (Fig. 3). The maps are in the format of MapGIS (*.wp,

* wl, *.wt).

3.2 3D Geological Modeling

The Huangling area generally features weak tectonism. It is mainly covered by gentle and
wide folds, with no fault structures developing and a stratigraphic attitude gently inclining
towards the northwest. Therefore, the 3D geologic modeling of this area can be conducted
using automated modeling software. The original data required for 3D geological structural
modeling include the data of borehole locations, well trajectories and strata division. Then the
software converted the stratum information, revealed by the boreholes, into spatial 2D discrete
points, which were then processed by interpolation and fitting algorithms with the smoothing
times set to 1. In this way, the tectonic layer surfaces were successively generated. After that,
the tectonic layer surfaces to be modeled were selected by ticking the appropriate box in the
software. Then they were delineated by stratum boundaries of the areas to be mapped to
generate stratum entities. Further to that, a 3D geological structural model was formed by
processing the stratum entities in the ‘Sequential Modeling” module of the software (Fig. 4). In
addition, other data may be required for different models, such as sand-body data (for sand-
body models), facies data (for facies models), interpretation and conclusion data (for
mineralized body models) and logging curve data (for attribute models). The 3D geological
structural modeling is a key step in 3D geologic modeling and also serves as the foundation of
subsequent modeling of attributes, sand bodies, mineralized bodies and sedimentary facies. It is
used to describe the relationships among the spatial locations of the stratigraphic structures
currently selected. It is also known as a 3D stratigraphic framework and its level of fineness
will affect the accuracy of the physical models that are to be subsequently built (e.g., sand-
body models).

The 3D geological structural model is in the format of the Eclipse GIRD model data
(*.txt) after being exported. It can intuitively display the landform shapes of various strata, the
thickness distribution and centers of sediments and paleo-uplift denudation zones. As indicated

by the 3D geological structural model overlapping with the uranium-mineralization anomalies
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rock series in the Huangling area on the southern margin of the Ordos Basin

a—Isoline map of roof elevation; b—Isoline map of floor elevation; c—Isoline map of roof depth; d-Isoline map of
stratum thickness; e-Isoline map of sand-layer thickness; f-Isoline map of sand content

revealed by boreholes; the areas where the uranium-mineralization are mainly developed are
closely related to the paleo-landform features and the burial depth of Zhiluo Formation
(Figs. 3c and 4). The boreholes used'f&-veriﬁfimiijf;i -Ti&ﬁ(‘)ﬁs-ifg '(i.e.;.wore-rt;e'a-[jngi.bo_r:c_hgles)—'

were mainly arranged around d__th_g_g._tranﬁﬁrtiéaél sl(}pe zones between palemﬁpﬁﬂs,"lﬁéleo-
T L L My LN B ST ; P —

332 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1)



Integration of Borehole Data and 3D Geological Modeling of the
Huangling Area on the Southern Margin of the Ordos Basin Based on
Coal-Uranium Joint Exploration

GEOSCIENTIFIC DATA & DISCOVERY(3)

Xaxis 7 axis

Z axis

Fig. 4 3D geological structural model of coal-bearing and uranium-bearing rock series in the
Huangling area on the southern margin of the Ordos Basin (the map face showing the tectonic map
of the roof of a Zhiluo Formation as the uranium-bearing rock series)

1-Zhidan Group; 2—Anding Formation; 3—Zhiluo Formation; 4-Yan'an Formation; 5-Boreholes used to verify
uranium deposit (ore-bearing boreholes); 6—Potential sandstone-hosted uranium (mineralization) borehole screened out

depression and boundary zones where the burial depth changes sharply. The geological
characteristics of mineralization of the uranium-mineralization areas are similar to those in the

northeastern region of the Ordos Basin (Zhang TF et al., 2020).

4 Data Quality Control

4.1 Quality Control of Borehole Data

All of the borehole data were collected in accordance with the uniform standard of the
Technical Requirements for the Building of Borehole Database of Sandstone-hosted Uranium
Deposits in Major Basins of North China@ to ensure that the data were authentic, accurate,
logically consistent, standardized and integral. All necessary modifications and changes were
fully demonstrated by the project team, with corresponding records and reasonable
explanations provided. The data quality control and the review and acceptance check of the
database were sufficiently performed from the project team to the organization responsible for
the project. The self-check rate and mutual check rate were both 100%, the rate of inspections
conducted by the project team was 60% and the rate of the spot inspection conducted by the
organization at a high level was 15%. In case there were any problems arising during the
inspection or check, the reasons for such occurrences were rooted out in time and any problems
were carefully corrected. In this way, the error rate of the database data submitted was less than
0.3%. Additionally, the corresponding inspection records and modification explanations of the

database were kept. To summarise, strict quality control was implemented both at the stage
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when the data were collected and input into the database and also at the stage of data

processing, thus ensuring high quality data.

4.2  Quality Assessment of the Thematic Result Atlas and the Geological Structural
Model

All of the borehole data used to prepare the thematic result maps and build the 3D
geologic structural model are from the data of the boreholes that were used to build the
borehole database and to verify uranium deposits. Therefore, they are credible. The modeled
region is about 1 225 km’ in total, with 375 boreholes included in the modeling. The borehole
interval was generally about 2 km in the region, except for the Shuanglong area, where the
interval was about 1km. The boreholes were largely evenly distributed (Fig. 1a). Meanwhile,
regional stratigraphic correlation was conducted through the preparation of profiles and fence
diagrams and logging-seismic research leading to the establishment of the isochronous
stratigraphic framework. Once unreasonable strata division was discovered, it was modified
based on demonstration and then the borehole database was updated. The updated borehole
database was used to prepare a series of thematic result maps, thus guaranteeing that the maps
are rational and credible. Then the distribution form of sand bodies and ore-bearing sandstones
was characterized by comparing the sand and mineralized layers on well profiles. In addition,
the comparison results were incorporated into the ultimate modeling as the restrictions of the
software models. During the modeling, the project team, in collaboration with the software
supplier, tried multiple interpolation algorithms and logical structures to ensure smooth
interfaces and reasonable thinning-out in the geologic maps. After the 3D geologic structural
model was built, the effects of the model were verified through a well profile comparison. This
means that well profiles formed by model cutting were compared with those plotted using
borehole data. It was concluded that well profiles obtained by these two means were well
fitted, and thus the geological structural model features high quality overall. The 3D geologic
structural model can be displayed in multiple visualized forms such as sections (profiles),
slices, fence diagrams, data bodies (e.g., sculpture bodies, chair-shaped diagrams, and virtual
bodies) and well trajectories (Fig. 5). Meanwhile, the software features good compatibility and
expansibility and can easily load and export files in multiple formats. In this way, the

geological structural model can be shared among different platforms.

5 Conclusion

China Geological Survey organized the building of the borehole database of sandstone-
hosted uranium deposits in the Huangling area on the southern margin of the Ordos Basin.
During this project, 375 coalfield boreholes and the boreholes to verify the uranium deposits
were integrated. They were evenly distributed and covered the whole Huangling area. Strict
quality control was performed both at the stage when the borehole data were collected and
input into the database and at the stage of data processing, thus guaranteeing high data quality.

The thematic result atlas was prepared on the basis of borehole database and can intuitively
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- sandstone
- mudstone

Fig. 5 Visualized displays of the 3D geologic model

a—Display of the 3D geological structural model in the form of an XLine section; b—Display of the 3D geological
structural model in the form of a YLine section; c—Display of the 3D geological structural model in the form of a
horizontal slice; d-Display of the 3D geological structural model in the form of a chair-shaped map

display the distribution rules of the burial depth of the roof and floor, stratum thickness, sand-
body thickness, sand content and radioactive anomalies of a Zhiluo Formation as the uranium-
bearing rock series in the Huangling area. The boreholes with radioactive anomalies were
screened by a superposition method, including coalfield boreholes and the industrial boreholes
drilled to verify the uranium deposits. All these will serve as important references and guidance
for the research of favorable mineralization conditions and positions of sandstone-hosted
uranium deposits, as well as the summary of mineralization rules of the deposits. The 3D
geological model was built to intuitively reproduce the spatial distribution rules of the
uranium-bearing rock series. It can dynamically simulate the construction process of projects in
a 3D manner through visualized representation and model analysis, such as model cutting and
well trajectory analysis. Therefore, the 3D geological model will provide strong support and
good service for the exploration and development of the uranium deposits on the southern
margin of the Ordos Basin.
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