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Fig. 1 Tectonic location(a) , uranium geology(b) and stratigraphic column(c¢) of the Qianjiadian Sag,

southwestern Songliao Basin (modified from Wang Wei et al. , 2017&)
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Fig. 2 Profile of oxidation zone, gray layer and ore body from
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the Upper Cretaceous Qingshankou Formation in the DL
uranium mineralized belt of the Qianjiadian Sag,

southwestern Songliao Basin
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Fig. 3 Macro and microscopic characteristics of ores with different lithologyfrom the Upper Cretaceous Qingshankou

Formation in the DL uranium mineralized belt of the Qianjiadian Sag, southwestern Songliao Basin
(a) BIREHMEP A7, 3T, 99-5,488. 85 m; (b) KEAMEHEH 4 ,135-1,680 m; (¢) WKERAH £7,19-17,559 m; (d) I8
HCEREREL AR, 135-1; (o) HBEE , S HIER, 97-5-1,547 m; () HEEE,97-5-3,546 m; (g) SMHBCREEERET, 97-5-1; (h) Al
RFEPHBEEIR,135-1;5 (1) Z WP IEAR & BRRRERZE AR B P BT 4, 19-11,563. 2 m; Q—F1 3% ; De— 8 ; OM—A BB ; Cbo—RRFR#L4"

Y Ms— A =B Py— 880 Mc—ilAH A

(a) Light gray coarse sandstone ore with well sorting, 99-5,488. 85 m;(b) gray fine sandstone ore, 135-1, 680 m;(c) dark gray mudstone ore,

19-17, 559 m;(d) lithic sandstone, containing carbonate and organic matter, 135-1; (e) lithic sandstone with carbonate, 97-5-1, 5475 m; (f)
lithic sandstone, 97-5-3, 546 m;(g) dispersed colloidal pyrite, 97-5-1; (h) pyrite framboid, 135-1; (1) silty mudstone, 19-11, 563.2 m. Q—

quartz ; De—rock fragments ; OM—organic matter ; Ch—carbonate ; Ms—muscovite ; Py—pyrite ; Mc—microcline
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Fig. 4 Uranium occurrence for the mudstone ore of the Upper Cretaceous Qingshankou Formation in the DL uranium

mineralized belt of the Qianjiadian Sag, southwestern Songliao Basin
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(a) Pitchblende occurred in pores of potassium feldspar; (b) pitchblende associated with fine potassium feldspar and quartz; (¢) pitchblende existed

within the kaolinite intergranular; (d) pitchblende associated with ore-stage pyrite, wrapped by pre-ore pyrite framboids; (e) pyrite wrapped early

pitchblende ; (f) pitchblende occurred around the ankerite, and associated with pyrite; (g) U—Ti bearing mixtures. Pit—pitchblende; Kfs—

potassium feldspar ; Q—quartz ; Py—pyrite ; KlIm—kaolinite ; Ank—ankerite
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Fig. 5 Occurrence relationship between uranium, organic matter and clay minerals for sandstone ore of the Upper Cretaceous
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Qingshankou Formation in the DL uranium mineralized belt of the Qianjiadian Sag, southwestern Songliao Basin
(a) FIBIBRE A DL N TR & KW 0™, A ML 5 (b—e) BRIBIURLI S S WiF 3w ; (£) 5 TOR = 08 A1 3 GORAF 5 5 S
(g) FICRE AR =5l R RS FERBCRIR S0, A BOR BB (h) BB IRSEDA & Wi T she™; (1) ZOIRS2IBEA 30 2 W Bt 4l
Pit—WiF A" ; OM—AT AL ; Py— 2 8RB" s Sm— St A7 ; Klm— R U £
(a) Pitchblende coexists with carbonaceous debris, wrapped within late homogeneous organic matter; (b—e) pitchblende occurred around the
carbonaceous debris; (f) pitchblende existed on the edge of leaf-shape kaolinite; (g) U—Ti—Zr—Si mixtures developed within the intergranular of
book-like kaolinite, associated colloidal pyrite; (h) pitchblende occurred around the honeycomb montmorillonite; (i) pitchblende existed on the edge

of flocculent montmorillonite. Pit—pitchblende ; OM—organic matter ; Py—pyrite ; Sm—montmorillonite ; Klm—kaolinite
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Fig. 6 Occurrence relationship of uranium, pyrite, ankerite, titanium bearing minerals from sandstone ores of the Upper

Cretaceous Qingshankou Formation in the DL uranium mineralized belt of the Qianjiadian Sag, southwestern Songliao Basin
(a) DIt e 50 BT 508U A s (b) SRAZ A R #0; (o) ATESMBA S0 (d) SHBIERT; (o) B A NI
SARBLERT , Pit—I T A0 ; Pit— T 5040 5 Q— A1 38, Py— B BRA™ ; KIm— 5 18 1 ; Ank—8k F = A1

(a) Pitchblende coexistence with ore-stage pyrite; (b) pitchblende occurred on the edge of ankirite; (¢) automorphic uranium bearing iron

dolomite; (d) uranium bearing anatase; (e) anatase gradually metasomatized by uranium from the edge to the inside. Pit—pitchblende ; Qq—quartz;

Py—pyrite ; KlIm—kaolinite ; Ank—ankirite
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Table 1 EPMA results (

Cretaceous Qingshankou Formation in the DL uranium mineralized belt

in the Qianjiadian Sag, southwestern Songliao Basin

%)

of uranium minerals form the Upper
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L 2 2 Al 19, A
3 | 0.27 037 |69.53] 1.23 | 0.11 | 1.91 | 0.06 | 1.48 BRI 2. Ha%‘z/\;ﬁ,ﬁ/gﬁﬁﬁfﬂﬂ
S 5 | LayO3 | Ce,O3 | CaO | MnO | P,O5 | SO; | Zr0, | Bh: E@jki@}ﬁ‘ﬁfgﬁ ) i ij‘j ( 62.9x10" ~
-6 U= -6
1 | 0.17 | 0.10 | 297 | 0.13 | 1.46 | 0.14 | 5.13 | 87.06 0186X107°) ,Pb &N (13. 1x107° ~
7KX97-5-1 | 2 /| 012 | 171 | 0.08 | 1.56 | 0.44 | 4.48 |84.71 75.3x107°), Ra & H ALK K, N
3 / loa6 32 019|147 [ 078|559 (8627 (983 49 9 By/g.n(™U)/n(™Pb)

RUG PR B M o iy st g e v B B AT R i 2k
M BEARANE 0O 6L TEZ T 5 A i A B gl
EVEM, U—Pb IR R AL T A58 4 B LR il 45 [
7 Z Ak F 5% 3R 5k % KR 2 (Golubev et al.
2013) , AT A i 1Y JE S — B — A S R
( Corcoran et al. , 2020) ., HEI, #rA& w4 Bk
EAFFEPRR DT (RGeS, 20205 MRACE S 2020)
DA A BT Y U—Pb [6 47 2 3 1k (TIMS)
BV R — R L 8 ST 4 5 5L o X AF - 445 H,
THEE (EMPA) | SO i ey J8ORS 5 55 85 1 ot i
(LA-ICP-MS) | W ¥ i3l (SIMS) . 2R, i1 T
WA LA BT Pk e PR X ELRSURE/ I il ) A
TR MR R 3 A A B — e BARR00 %1% 2 &R
SR IR 4 T 125 24 AT A TR R B AN
PEFME TR BRI A R, R, FH
1 8 10 25 T Bl — 4 P A A T A B DA BR A R 1Y
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AIAE i B ( B SE 5%, 2003) 58 —ERE T
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Fig. 7 Isochron ages of sandstone oresfor the Upper Cretaceous Qingshankou Formation in the DL uranium mineralized

belt of the Qianjiadian Sag, southwestern Songliao Basin
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Table 2 U-Pb isotopic results of whole ores from the Upper Cretaceous Qingshankou Formation in the DL
uranium mineralized belt of the Qianjiadian Sag, southwestern Songliao Basin

%IL‘]‘L ﬁﬁ: Z’ﬂ‘éﬁ E #% U76 Pb76 Rd n<7238U) n(Z()XPh) n(Z()7Pb) n(j%Ph)
(m) | ¥ (x107°) | (x107°) | (Ba/g) | n(*™Pb) |n(*™Pb) |n(**Pb) |n(**Pb)

7K 2% 97-7 SR 495.4 1| 97-7-1 62.9 16.7 1.59 253.786 | 38.74 | 15.736 | 22.325
KBRS 494.7 | 2| 97-7-2 1318 23.4 9.63 | 4986.509 | 38.68 | 17.056 | 46.017
RGPS | 493.9 | 3| 97-7-4 793 16.8 8.25 | 4307.89 | 38.772 | 17.112 | 48.607

IR A 492.8 | 4 | 97-7-6 5088 35.4 43.9 | 14598.48 | 38.722 | 17.692 | 60.201
YRER A s 492.7 | 5| 97-7-7 1660 36.8 18.4 | 3607.261 | 38.752 | 16.432 | 36.573
PSRN ke 492.1 | 6 | 97-79 199 21.1 2.11 | 652.237 | 38.72 | 15.913 | 24.438
TR A RN A 491. 1 7 | 97-7-11 | 81.1 13. 1 0.983 | 408.436 | 38.799 | 15.787 | 20.844
PSRN ik Ees 490. 3 8 | 97-7-14 115 17.2 1.43 442.365 | 38.806 | 15.801 | 20.899
9 11-1 523 17.5 4.41 2556.61 | 38.695 | 17.012 | 42.655
10| 112 412 20.6 4.56 | 1680.521 | 38.687 | 16.939 | 40.762
ZK 26 125-9-11 | KEAGMHE | 576~577 | 11 11-3 535 18.9 4.22 | 2398.204 | 38.708 | 17.055 | 41.525
12 114 492 19.5 4.55 | 2175.173 | 38.7 17.098 | 42.968
13| 115 573 19.7 4.2 | 2435.111 | 38.708 | 17.078 | 40.239

14 12-1 2935 75.3 25.9 | 4152.864 | 38.716 | 18.424 | 65.5
15| 122 3755 72.1 32.6 | 5938.708 | 38.73 | 18.627 | 73.966
ZK 24 125-9-12 | KIBAYEPE | 622~624 | 16 | 12-3 6186 57.9 47.4 | 15115.86 | 38.723 | 20.399 | 104.031
17| 12-4 3527 46.7 34.2 | 9407.535 | 38.754 | 19.317 | 85.399
18] 12-5 5751 50.3 49.9 | 13239.09 | 38.737 | 18.516 | 75.924

AR IEA R Kp=Ra/ (Ux3.4x1077) ,

CERFIE  Z R RIS AT 7 SR 207 i B Bl

4.1 ZIRMEHERIE

SR T ERR A AR AR YGRS A B T
HHXSEL ZK 2% 97-7 1Y 611 14 S+ 4T Ra
KIEFMAMRHE T n(P*U)—n(**Pb) 1l n(*°U)—
n(*"Ph) ZEF LR AR RS h 26. 0+2.7 Ma 27.0+4.0 Ma
(23,8 8) ; 4 125-9-11-3 5l 125-9-12-5 SHEE 5,
HAT Ra B IEJFBIA MR T n(P*U)—n (**Pb) Al
n(U)—n(*"Pb) ZERF L AEWE N 28.7+3.5 Ma,
26.2+5.3 Ma(#£ 3, F 8), LI LA n(**U)—
n(*®Pb) f n(*PU)—n (P Pb) 4E W FE AR — B, 7T &
PEERGT RER T it i e S i B

4 e

WO £ ARSI R A, DL 7 7
L1 2 M 5 S A A TR S 4 22 Tt PR 2 il
AR VR, Al A e S 25 o I e 4 2
(K 3e) , AEK,JERASGE S, EREUER H R
JEDURR— R B B A D05 5 AL (28 0 58 5%,
2017) o ASURIEA T A1 H Y Bl R 22 5 40 73 HBOIR o A
TE PSR AT R T 2R T s AL (FLBR) A (]
4a.b) , AT ULAS GOREUE A1 % 8 ELJR) B 08 BT 5 il ( 1]
4e) , HUIH S 5 5 391 5 g 3 U136 (B A= (&
4d) ;LA EXEERIE R T I H AR @8 s 1R DL
FR—Rr i R i A A 1 85 R il DAL B A F ) Y
BT TV A (181 9) |, BRUTAR B J A HIL 5 e

RIMIT AU AR BERIEM DL $#y # EBESS L OEMRT FR5TR

Table 3 Metallogenic ages for the Upper Cretaceous Qingshankou Formation of the DL uranium mineralized belt

of the Qianjiadian Sag, southwestern Songliao Basin

n(P80)/n (P Ph) —n(*Pb)/n(*™Pb) ZEit £k n(PU)/n(**Pb) —n(*"Ph) /n(**Pb) FHLL
5 B AES [n,(ZOf’Pb) RS [n(szb)
(Ma) n(**pb) I, (Ma) n(?*Pb) I,
1 | 97-7-6,97-7-11 97-7-14 26.0+2.7 19.170.26 27.0+4.0 15.7+0. 11
I 11-3,12-5 28.7+3.5 34.7+1.2 26.2+5.3 16.77+0. 21
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Fig. 9 Multi-stage coupling uranium metallogenic evolution sequence by multi-fluids for the Upper Cretaceous Qingshankou
Formation in the DL uranium mineralized belt of the Qianjiadian Sag, southwestern Songliao Basin
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Uranium occurrence and metallogenic age for the DL uranium mineralized
belt in Qianjiadian Sag, southwestern Songliao Basin

HUANG Shaohua"’ , QIN Mingkuan" , LIU Zhangyue" , ZHANG Liangliang® , GUO Qiang" ,
JIA Licheng"” , JIANG Wenjian" , LIU Jialin" , DONG Yan"
1) CNNC Key Laboratory of Uranium Resource Exploration and Evaluation Technology, Beijing Reasearch Institute
of Uranium Geology, Beijing, 100029;
2) Geological Survey No. 243, China National Nuclear Corporation, Chifeng, Inner Mongolia, 024000

Objectives: The sandstone and mudstone ores from the Upper Cretaceous Qingshankou Formation in DL
uranium mineralized belt of Qianjiadian Sag, southwestern Songliao Basin were investigated to understand the
uranium occurrence , enrichment mechanism and metallogenic process. This research provided important guidance
for further uranium prospecting and in-situ leaching both in this basin and other similar area.

Methods: The rock and mineral identification, SEM observation, energy spectrum and electron probe
analysis, whole rock U-Pb isotopic dating have been carried out in this paper.

Results : The ores with the low maturity of the composition and structure,, were deposited in braided fluvial that
have multiple sources. Uranium in the all ores were composed of pitchblende, followed by some uranium bearing
titanium minerals, and a little uranium bearing carbonate minerals, the mixtures bearing uranium, zirconium and
silicon, and adsorbed uranium substance. The pitchblende, characterized by colloidal, lumpy and particulate,
mainly occurred within the local sorptive and reductive position, such as the matrix, dissolution pores or edges of
various clastic minerals. Also, they are closely associated with carbonaceous organic matter, pyrite, kaolinite,
montmorillonite, ankerite and titanium bearing minerals. A number of isochron ages of 50.6+1.6 Ma, 32.2+3.9
Ma, 27+4 Ma, 26.0+2.7 Ma and 23.9+2. 8 Ma were obtained, indicating the main metallogenic events took place
during Paleogene.

Conclusions; Two kind fluids including weak acidic reducing fluid and alkaline reducing hydrothermal fluid
were contributed to the uranium enrichment and mineralization within the target layer. On the basis of tectonic—
sedimentary evolution process, the four stages multi-fluids coupling and superimposed uranium metallogenic model
for the Upper Cretaceous Qingshankou Formation of DL uranium mineralized belt in Qianjiadian Sag, southwestern
Songliao Basin are preliminarily constructed ; () uranium preconcentration stage during sedimentary and diagenetic
era; (2) initial metallogenic stage by tectonic inversion since the end of Nenjiang era; (3) main metallogenic stage of
hydrothermal fluid during Paleogene; 4 superimposed uranium enrichment stage during Neogene.

Keywords: Qingshankou Formation; sandstone and mudstone ores; uranium occurrence; metallogenic age;
Songliao basin; Qianjiadian sag; DL uranium mineralized belt
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