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Abstract: This paper is the result of mineral exploration engineering.

[Objective] Uranium resources are China's important strategic resources and energy minerals. The thorough understanding of
geological characteristics and metallogenic models of sandstone—type uranium deposits in the northern Sichuan Basin is to the
benefit of exploration and development. [Methods] The petrological characteristics of sandstone—type uranium deposits are studied
through field investigation, rock and mineral identification and geochemical analysis, and the mineralization process is analyzed.

[Results] The ore—bearing rocks are mainly the calcareous cementation medium—fine—grained sandstone and conglomerate of the
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Lower Cretaceous Cangxi Formation. Uranium exists in the form of authigenic uranium minerals. Uranium minerals are mainly
coffinite, which are in xenomorphic, euhedral and hypautomorphic granular. [Conclusions] The metamorphic acidic volcanic rocks
and granites of the Tiechuanshan Formation in Micangshan provided the initial uranium source for the formation of sandstone—type
uranium deposits in the basin. Uranium migrates in the form of carbonic acid containing uranyl ions in the aqueous solution. The
reductive environment of swamps and stagnant water rich in organic matter and pyrite destroys the carbonic acid containing uranyl

ions, causing uranium to precipitate and accumulate in the primary diagenesis stage and secondary epigenesis stage.

Key words: sandstone—type uranium deposit; petrological characteristics; metallogenic process; mineral exploration engineering
Highlights: Based on the petrological characteristics of sandstone—type uranium deposits, the metallogenic source was identified and
the metallogenic process was determined.
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Fig.1 Geotectonic map of study area

(1]

1-First order tectonic unit boundary; 2—Second order tectonic unit boundary; 3-Third order tectonic unit boundary; 4-Fourth order tectonic

unit boundary; 5—~Uranium deposit and uranium ore occurrence; 6-Provincial boundary; I —Qinling geosyncline fold system; Il —Songpan—Ganzi

geosyncline fold system; Il '-Longmenshan fold belt; l—Yangzi paraplatform; I'-Dabashan—Longmenshan platform margin depression; I'"'~Arch

of Proterozoic in Hannan; Il'""'-Hanzhong bulge; 1I'"'"*~Micangshan bulge; Il '*~Ningzhen ancient platform subsidence; Il '*'-Ningqiang platform

depression; IT'"*?*~Dalianghui platform fold bundle; Il '*~Guangyuan-Mingshan edge depression; T'*'—Baishi depression fold bundle; I*-Sichuan

platform depression; I*'-North Sichuan platform subsidence; Ill*'"'~Tongjiang platform depression; Il*'*~Zitong platform depression Il **~Central

Sichuan platform arch; II**'-Daxian platform dome; II**2-Yanting platform dome; II**~Western Sichuan platform subsidence; II**"'-Jiangyou
dome fold bundle
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Fig.2 Geological map of study area
1-Qiqusi Formation of Lower Cretaceous; 2—Bailong Formation of Lower Cretaceous; 3—Cangxi Formation of Lower Cretaceous; 4—Penglaizhen
Formation of Upper Jurassic; 5-Suining Formation of Middle Jurassic; 6—Shaximiao Formation and Qianfoyan Formation of Middle Jurassic,
Baitianba Formation of Lower Jurassic; 7-Triassic; 8—Permian; 9—Proterozoic—Silurian; 10—Conformity boundary; 11-Unconformity boundary;
12—Reverse fault; 13—Trap structure; 14—Anticline axis; 15-Syncline axis; 16—Uranium deposit and number; 17-Uranium ore occurrence and number;
18-The study area
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Fig.3 Photos of typical samples
a—Calcareous cementation fine sandstone containing pyrite and clastic
carbonized plant (301 Fanjiashan uranium deposit, KD3-bl);
b—Calcareous cementation fine sandstone with calcareous concretion
(128 Weiganshu uranium ore occurrence, LD3-bl); c—Calcareous
cementation fine sandstone with calcareous lump, rocks is weakly
oxidized with more oxide spots (128 Weiganshu uranium ore
occurrence, LD4-bl); d—Calcareous cementation medium grained
sandstone (50 Heitan uranium ore occurrence, KDht-b2)
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Table 1 Sampling position and analysis identification
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LD3-bl 12845 S HTIEK D247 FAME 1K 5% 0.091 e —

LD4-bl 128505 S TIBEKD-345T 0 R 5% Sk 0.286 SR TR

KDht-b2 SOHHA M HTEKD- 1404 4 0.522 GLUKE BT RER . B

W BT R, A =03%;: WEEH0.1%~0.3%;: T4 <0.1%.
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Fig.4 Polarizing microscope and electron probe image of uranium ore
a—Calcareous cementation medium grained sandstone, the clastics are mainly quartz and lithic fragments, and cemented by calcite in porous—basal
type (KDht—b2); b—Calcareous cementation medium—fine—grained sandstone, clastic plagioclase with polysynthetic twin and weak hydromicatization,
and the lower right corner is quartz sericite schist (KD3—b2—-2); c—Clastic microcline with tartan twinning, on which is clastic plagioclase with
polysynthetic twin (KDht—b2); d—Clastic plagioclase with polysynthetic twin (KD3-b2); e-Microscopic clastic perthite, in which the brighter is albite
strip (LD3-bl); f~Clastic zircon, better roundness (LD4-bl); g—Clastic tourmaline (LD4-bl); h—Volcanic rock clastics with felsitic texture
(KD3-b2); i-Rhyolite clastics with flow structure (KD3—b2); j—Rocks contain many fine—grained aggregates of carbonate minerals, mostly spherical
or ellipsoidal, with calcareous cementation, and fine sandstone with calcareous cementation between calcareous concretion (LD3-bl);
k—Fine—grained aggregates of pyrite (KD3—b1); I-Reticulate barite metasomatic quartz (LD3-bl)
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Table 2 Scanning electron microscopy energy spectrum analysis results of uranium ore (%)
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Fig.5 Electronic probe and scanning electron microscope image of uranium ore
a—The bright parts are pitchblende (LD4—b1—1, back—scattered image of electron probe); b—Coffinite is located between the quartz and calcite grains
(KD3—-b1-3, back—scattered image of electron probe); c—Coffinite is located between grains (KDht—b2—1, back—scattered image of electron probe);
d-Strawberry pyrite embedded and wrapped by calcite (KD3—b1-2, secondary electron image); e-Ranular coffinite is distributed unevenly between
quartz and calcite grains (KD3-bl, secondary electron image); f~Short columnar coffinite is located between quartz and calcite grains with a particle
size of 1.31 pm (KD3-bl, secondary electron image); g—Coffinite is in the shape of xenomorphic—hypidiomorphic columnar with a maximum
particle size of 3.39 pm (KDht—b2, secondary electron image); h—Xenomorphic—hypidiomorphic coffinite and cubic galena are located between the
quartz grains (KDht—b2-2, secondary electron image); i—Euhedral columnar coffinite and reticular ilmenite are located in the calcite cement at the
edge of quartz (KDht—b2-3, secondary electron image); j—Coffinite is euhedral columnar (KDht—b2—COXEM-—6, back—scattered image of electron
probe); k-The cement is calcite, and the minerals from left to right are ilmenite, quartz, coffinite and quartz by energy spectral line scanning
(KDht—b2—4, secondary electron image); I-The minerals from left to right in the energy spectrum line scan are coffinite and quartz, and coffinite is
euhedral columnar (KDht—b2—COXEM-11, secondary electron image); “+” and the number indicate the location of the measuring point and number,
the data are shown in Table 2 and Table 4
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Fig.6 Scanning image of uranium ore energy spectrum surface of 50 uranium ore occurrence
a—i—Euhedral columnar coffinite is located between calcite and quartz grains, coffinite grains are filled with iron—magnesium silicate mineral chlorite
and a small amount of calcite; a—KDht—b2—COXEM-11, secondary electron image; b—U-O-Si-Fe-Mg—Ca—C elements superposition diagram,
c—i—Scanning images of the energy spectrum surface of U, O, Si, Fe, Mg, Ca, and C elements, respectively
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Fig.7 Scanning image of uranium ore energy spectrum surface of 301 uranium deposit
a—KD3-b1-3, secondary electron image; b—k—Scanning images of the energy spectrum surface of Ca, C, Fe, S, U, O, Si, Tb, Al and Ti elements
respectively; 1-Ca—C—Fe—S—-U-O-Si-Tb—Al-Ti elements superposition diagram
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Table 3 Silicate analysis results of uranium—bearing sandstone (%)
s LD2-bl KDI1-b2  #RHEEATFY  LD3-bl LD4-bl KDht-bl KDht-b2  KD3-bl B AT
SiO, 46.85 62.36 54.605 42.82 47.18 62.67 55.71 53.78 5243
AlO, 8.52 9.61 9.065 5.95 6.81 10.15 7.65 8.11 7.73
Fe,0, 1.37 1.81 1.59 0.935 0.879 1.56 0.871 15 1.15
TFe 2.01 2.83 242 1.45 1.53 32 2 2.94 222
FeO 1.36 2.02 1.69 1.03 1.18 2.71 1.79 2.44 1.83
Ca0O 18.25 7.98 13.115 23.58 20.18 6.85 14.37 11.08 15.21
MgO 1.91 2.11 2.01 1.43 1.47 2.82 1.46 1.64 1.76
K,0 1.89 1.66 1.775 1.06 1.23 1.76 1.27 1.35 1.33
Na,O 1.06 1.7 1.38 12 1.23 1.66 1.57 1.41 1.41
TiO, 0.507 0.639 0.573 0.344 0.463 0.597 0.498 0.44 0.47
P,0, 0.102 0.12 0.111 0.077 0.113 0.116 0.176 0.108 0.12
MnO 0.16 0.088 0.124 0.129 0.127 0.067 0.121 0.141 0.12
IOFN 17.24 8.9 13.07 20.74 17.93 7.84 12.74 13.64 14.58
H,0" 2.72 2.66 2.69 1.98 2.06 3.14 2.42 3.1 2.54
M 103.95 104.49 104.218 102.73 102.38 105.14 102.65 101.68 102.91
e E 0.018 0.021 0.01945 0.091 0.286 0.303 0.522 1.400
[REITES WA RN A GURE A
R4 T PETFRHESTER (%)
Table 4 Electron probe analysis results of uranium minerals (%)
FE 9 5 LD4-bl KD3-bl KDht-b2
A5 1 2 1 2 3 1 2 3
Y,0, / / 0.15 / / / / /
Sio, / 11.78 15.68 13.12 13.43 16.64 13.86 17.27
FeO / / 0.68 0.65 0.46 0.39 0.34 0.57
uo, 57.52 58.32 66.71 69.26 60.52 67.94 72.57 67.6
MgO 0.03 0.08 0.39 0.08 0.08 0.05 0.03 0.08
Na,O 0.1 / / 0.07 / 0.07 / /
TiO, / / / 0.49 0.31 0.62 / 0.28
K,O 0.57 0.19 0.33 0.14 0.19 0.24 0.25 0.23
As,0; / 0.34 0.06 0.06 / / 0.07 0.04
ALO, / 0.06 1.39 0.55 0.95 0.78 0.3 0.93
MnO / / / / 0.08 0.18 / 0.26
ThO, / / / / / / / /
V,0, 15.15 0.18 / / 0.11 0.1 / /
CaO 10.4 14.49 0.59 1.03 1.18 1.21 0.84 1.72
Nd,0, 0.5 / 0.37 / / / / /
SO, / / 0.05 / 0.06 / 0.08 /
Ce,0, / / 0.44 0.47 0.18 0.18 0.48 0.18
P,0, / 0.45 0.94 1.24 0.91 1.63 0.97 1.34
La,0, / / / / 0.29 / / 0.22
PbO / / 0.31 0.1 10 / 0.41 /
Pr,0, / / 0.07 / / / 0.21 0.11
Sno, / / / / / / / /
710, / / 0.17 0.1 0.06 / 0.16 0.03
M 84.27 85.89 88.33 87.36 88.81 90.03 90.57 90.86
L/ HiA HiIA iVl Give Give A Wity ive

VR LR A R TR, .

RN e/ TR YRR N iR 3 N W E S RS
Jetr . IT T AR R A, IR s A
ARFEY), 5507 A TR IS RS A 18 R LA A
ST AT S A LB B R SC R

6 HHALH FREE AT
6.1 $hIFEREE
HEABFSE R W19, 45 B LRI BT 52 X
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Fig.8 Scanning electron microscopic image of uranium—bearing volcanic rock in Micangshan
a—Silicified cataclastic altered rhyolite, rock—forming mineral is albite, metallic minerals are mainly anatase with a small amount of zircon and
brannerite, brannerite is scattered in and around anatase, zircons are distributed among the albite grains in a euhedral rectangular shape; Fig.a:
(D-Zircon; @-Brannerite; 3, &-Anatase; @-Albite; b-Silicified cataclastic altered rhyolite, rock—forming minerals are mainly quartz with a small
amount of sericite, metallic minerals are mainly anatase and iron oxides with a small amount of monazite and coffinite, coffinite is distributed among
the quartz grains in the form of star or dot, coexisting with iron oxide; Fig.b: (D—Coffinite; @, 3-Iron oxide; @, G-Monazite; ©-Iron oxide
(containing cobalt may be magnetite); (D—Quartz; @—Anatase; 9-Sericite; “+” and the position number indicate the location of measuring point and
number
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Fig.9 Schematic diagram of ancient channel ore control in
Cretaceous
1-Cangxi Formation; 2—Penglaizhen Formation; 3—Ancient channel of
Cangxi period; 4-Uranium ore occurrence (block); 5—Uranium deposit
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Fig.10 Schematic diagram of faults tectonic distribution and
tectonic ore control in northeastern Sichuan basin (modified
from Tao Weizhong, 1989)
1-Sinian—Jurassic; 2—Jurassic; 3—Cretaceous; 4—Geological boundary;
5-NE trending fault zone and number; 6-NNE trending fault zone and
number; 7-NW trending fault zone and number; 8-Location and
number of uranium deposits; 9—Location and number of uranium ore
occurrence; 10-Prospective area; | —Longmenshan fault zone;
I ,—Cangxi—Xialiang fault zone; I ,~Santai-Bazhong fault zone;
I ,Nanbu-Tongjiang fault zone; I', I *-Huayingshan fault zone;
Il \—Changping-Dasha fault fold belt; Il ,~Fuyang-Hekou fault fold
belt; I ,—Xialiang—Shibandian fault fold belt
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A SIRIZAK RN, A B — o et A
J5, B0y B Ie s i A i

B VR FH B B R TR ) 6 Bl 3K LA S5 3] [ 25
Sk R A ARG T R A A A . A I AR
EARZYRNER | EH A G, RS TCsE

Y2 I, FEARIRAR R B i S5 45 N kAT, TR
A A 3 R R B M LS, TE % 2 (Lovley
and Phillips, 1992; Lovley, 1993) . &R EE0™2,
FINBBRES ). UJTER S Fe, Mg JLRIEA
T3 A0 RLIR) 73 A5 W) & AR ) S 2
G, 507 A R e SRS e A B, S lle 1 2%
AN IR BOAEAR, Sk, dha .
e BRRE R B T TR RS
o, IDRLR A DDA sSCR AT HAR 5340 T 45 Wk
], XEERUIED, BRE 2 MR R s f &
W I ARTE I S PR PRI T B R G Al 25—, il
JCRKREREVEE SR, I H 588y fsgie A3t
Az, T UBCREE A TR SRR . A A 454 .

J5 A AE T BOR TR W A [ 25 D SR 0 25 A
DG 278 A HI LA RT7E SRR TR A T A i A2 Ak,
HORA SR IR . 1 DL AR B I A
K. MEFHENFVHHEZLEE T FEM NE,
NW Fl NEE [1] i 24747 G T SRR A FaD | #fs
SRR TR R, A N S AR TR =B E
MR ey =y &N R e el Py 2 /8 i Y A< ]
., 2% Z M S T ARTERE S 5N B
B Bl B 15 AR & AR TOUE & 4R, TR U [ ZE ST
W53 AR A2 S A A s S B s i, R TT 2 0 2 B A
AR T, 35 AR S SR — B (T P
5F,2017) o AR ET WG N A0 3 I 2 3% W AE
MR Ry 1) b (e B, i 32 o A TR )
PR B PRI [EA M (A b | Je s Fk
L RDE RS ) B Ak 1 2 DB A R L v
T, TR )2 ) R Rl Ak B, 1) TR0 L
WP TG AT 70 b2 T st 1) (OF-
T b)), Bt SR B R ) PN 53 , 0 e i
W Z 9855 . TG m b2 P b, 5k
S FOR BN UL, R 5 AR 52 n
o 5l A S, BRI IR L, F2EH T
S A FH I BB 8 v 11 90 AN 5 4 1 T B[] T i
TEMKWT Y. AETYZ HELS M.
ik AR EE 45 . SSRGS H AR AR I K S, Sk S
(4 e AR AR FARAAE o AR 45 9 vh (a1 etk B /T 2 0 ) 5
FRR A B AR TS i A A AL 3 RHC AT
FRBA AT A SR E A SSAA 3 e, K
AEERG AR ENRA R A STHaE Ak
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2EA BT BN Si0, BFEIA L, Ca0 KA &, &
B 5 AR Y B dh A b o A e 4
SR T A KA SRS, S5 R A as A
Si0, Ik /b, CaO ¥4, K& H F 45 M54 & Ak
AR o 25 Bk, % X ab AL & AT S
YER R 3=, T A B I iDL & SR,

8 45 i

(DTS T8 F 208 A SR AR
NIRRT R Q)R B ES T AR

IR o B A T Rl 1A AR A B3 2R 3 —
=AM IEARDIR

(2) e RS A IR LS 8 M 4 25
WIS, 3678 KA LAY LI 2 A2 S K L A
FE B4 2 R D e Rl A AR IR Bt T 0 Bl UL
AR EA R R AT YIRS, 88 A IR T
R TREARSHEA M TR ITR; Ao A
IR Rl 5 B B, 4 7S TR PR RIS T K Y 3 i
M

e £ R aI LA B A sha P e A7 A, e
Yy EE s, RS BRI A
e AAER.

(4) 5y 507 il A1 | 2xlless . A LA E ke~
WUILLE . A A BN T A, BN B
KW P AR IR & B 25 1 B I s s 166 & A
CINGIE NS 7R UMM RE SN Rt 7SN R IR AL A7 X (B
FHRSEIR T e R 5 il P 25 ol ol LA DURR A o 3R
W N A B AR

X

Q)28 Tl s — /N K BA. 2018. JI ALl . A 38 i
SOEAERS [R].

O Tl Pa R e R — /N OBFFTRT. 1985, Brfea R R R AR
B LRRAE BB BLE A [R].

O )18 Tl M5 /s — /N KBA. 1981, = O s K4l a3
A X PP R A [R].
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