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Abstract

The Zoujiashan deposit is located in the composite superimposition of the Ganhang structural volcanic rock
uranium metallogenic belt and the Dawangshan-Yushan granite type uranium metallogenic belt. The orebodies oc-
cur in the porphyry lava of the Upper Ehuling Formation and rhyolite dacite of the Upper Daguding Formation of
the Lower Cretaceous. The wall rock alterations include mainly fluoritization, illitization, pyritization, chloritiza-

tion and carbonation. By means of field geological survey, geochemical analysis, electron microprobe analysis
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and mineral liberation analyser, the authors studied modes of occurrence of titanium in the ore. The results show
that the content characteristics of TiO, and U in the supernormal enriched uranium ore are different from those of
the previous studies, which argue for the nonlinear positive correlation between the content of TiO, and U. The
average content of TiO, in the ore is only 1.90 times that in the surrounding rock, while the average content of U
is 565 times that in the surrounding rock. Compared with U, the enrichment of TiO, is not high. The element correla-
tion study shows that the content of TiO, and U in the ore shows moderately negative correlation. The relation-
ship between the content of TiO, and the content of F, S and P,O; which is easy to form complex anion is not
obvious, but the content of U is positively correlated with the content of F, S and P,O,. These data indicate that
the physicochemical properties of U and Ti are quite different in metallogenic environment, and the material
sources may be different. Ti mainly occurs in brannerite. The brannerite is euhedral and subhedral, with a size of
1~75 pm. It is widely distributed at the edge of dolomite and ankerite. Brannerite is wrapped not only by the early
uraninite but also by the late uraninite. It is considered that Ti of uranium ore is mainly derived from biotite altera-
tion in host rock. The strong adsorption of uranium by colloidal TiO, minerals is beneficial to the formation of
uraninite and promotes the supernormal enrichment of uranium at geochemical barrier. However, brannerite
would not increase because Ti of hydrothermal solution is almost exhausted at the late stage of uranium minera-
lization. With the change of metallogenic environment, some brannerite is slowly dissolved and replaced by new-

ly formed uraninite, which leads to the loss of Ti, resulting in moderate negative correlation between w(U) and

w(Ti0,) in supernormal enriched uranium ore.

Key words: geochemistry, supernormal enrichment, brannerite, occurrence form of Ti, uranium metalliza-

tion, Zoujiashan deposit
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Fig. 1 Geological sketch map of the Xiangshan orefield (a) and Zoujiashan deposit (b)
1—Late Cretaceous red beds; 2—Upper member of the Ehuling Formation of Lower Cretaceous; 3—Lower member of the Ehuling Formation of
Lower Cretaceous; 4—Upper member of the Daguding Formation of Lower Cretaceous; S—Lower member of Daguding Formation of Lower Creta-
ceous; 6—Yunshan Formation of Lower Devonian; 7—Qingbaikou system; 8—Granite porphyry; 9—Granite; 10—Volcanic collapse structure;
11—Measured and inferred fault structure; 12—Uranium deposit; 13—Place name; 14—Mountain peak; 15—Orebody and belt number;

16—Deposit range; 17—Sampling location; 18—No. 15 shaft
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Fig.2 The variation trend diagram of the w(U), w(F), w(S),

w(P,0;) and w(TiO,) in super-enrichment uranium ore of the

Zoujiashan deposit
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Fig. 3 Mineralogical assemblage of super-enrichment uranium ore at the Zoujiashan deposit(BSE images)

a. A large amount of uraninite and brannerite on fluorite margin and fracture; b. A large amount of uraninite at the edge of apatite; c. A large amount

of uraninite growing in dolomite margin and fracture; d. A large amount of uraninite and brannerite in ankerite margin and fracture

Bt—Brannerite; U—Uraninite; Py—Pyrite; Ap—Apatite; FI—Fluorite; [1l—Illite; Dol—Dolomite; Ank—Ankerite
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Table 3 The electron microprobe analysis results of uranium and some associated minerals
FE g . : w(B)/% |
UO, ThO, TiO, Si0, CaO FeO Na0 K,0 ALO, P,0; ZrO, PbO MgO MoO, XREE,0, Al
1 ke 48.08 129 31.81 355 242 056 — — 098 020 0.5 017 — 0.01 4.94 94.16
2 EkEhET 4917 258 3297 117 272 293 003 — 026 — 084 044 — @ — 1.67 94.78
3 gk4hET 4468 055 2718 1624 062 216 — — 1.08 004 093 — — @ — 1.08 94.56
4 BKEhET 5699 041 3420 158 326 1.6 — — 042 — 054 0.4 0.01 0.09 0.50 99.30
5 Bkahet 4977 094 3808 171 273 1.04 002 — 031 — 357 040 — 0.5 0.45 99.07
6 WiEMI 7212 524 028 10.17 243 049 002 — 135 0.03 013 030 002 — 3.77 96.35
7 WiTFHT 6778 6.08 029 1081 229 033 — — 1.08 024 023 027 003 — 2.37 91.8
8 WiTFHHET 7124 2,07 068 237 1684 046 052 — 042 236 087 066 001 — 1.07 99.57
9 WM 7245 281 071 1351 258 026 002 — 132 007 019 032 — — 0.82 95.06
10 PiEe 8659 350 1.65 280 255 039 007 — 027 005 057 066, 005 — 0.85  100.00
1 BEKA 003 — — — 5651 066 0.04 003 002 3856 006 — 019 0.01 1.71 97.82
12 WEKkfi 004 — 004 — 5630 043 004 001 — 3502 0.1 — 006 0.07 1.09 93.21
13 fgHRlAE — — 006 4931 006 135 0.03 7.88 3545 — — o= 1.02 0.05 0.21 95.42
14 Pl — 002 008 4660 0.12 352 005 7.09 3172 — 002 006 110 — 0.18 90.56
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Fig. 4 Photo of dissemination state of brannerite(SEM images)

a. Brannerite associated with uraninite, xenotime on the surface of uraninite; b. Uraninite wrapped by brannerite aggregate, xenotime on the surface
of uraninite; c¢. Brannerite associated with uraninite, xenotime on the surface of uraninite; d. Brannerite associated with uraninite, xenotime
on the surface of uraninite; e. Brannerite associated with uraninite and apatite, xenotime on the surface of uraninite; f. Brannerite associated
with uraninite and apatite, xenotime on the surface of uraninite

Xen—Xenotime; U—Uraninite; Bt—Brannerite; Ap—Apatite

(w (TiO,) 109 0.85% ) (I} [E %5, 2015 ) LA K T ] KA G R, A LLAS [R) KL H A 722 3T 2 1
TSR B (w(TiO,) 3R 0.44%) FEBEES  WERUE L, iR T W5 3 5 1A SR A= 1) (B 7K
(w(TiO,) FHH 0.15%) IBERAE X 7 (w(TiO)F i, 2013 48 242 45, 20155 4 K3, 20155 J& 7 3%
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NRE COMP  15.8kY

2015; 5 5 BE 55, 2016 MRER 2 55, 2017) (B & S 2
JEORN T, oAb A IR (I £ 25, 20165 221R 24 4%,
2012) S 4 1 IR (#8213 45, 2015) A S LR E o
AR L R R ) %% A7 Sr Nd [A] 32 A 855 Pb
[ 7 5 S 7S il 0™ 40 oA W L 52 DR RRAE (F 73t
45,2001 ; 88 K4 ,2008) o X A5 (2019 ) 3 43 X
ARG L R BRI B4 IRT T T RS B R R Bl A v
BRW 1) S R Z BT, BB 19 Ti ok A F
(L BUIe 2 0 ARSI 5 ) h BB D38, 4l
IF 58 T A Ti 3T B8 15 2 %8 (Liu et al., 2019)
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Fig. 5 Characteristics of chlorite and brannerite at the Zoujiashan deposit( BSE images)

a. Growth of uraninite in chlorite; b. Growth of uraninite in chlorite, calcite veins cutting through altered albite

Bt—Brannerite; Chl—Chlorite; Ab—Albite; Cc—Calcite
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(B P33, 20155 T35,2018) , X 5i%0 R & 5 4
B aeMe —8, FI, AR IR 38 1
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71 (Dymkov et al., 2003; Vinokurov et al., 2010; Guo
et al.,2016; Tatarchuk et al.,2019; Chen et al.,2019),
AL A HHET B A K B A% (Fuchs et al.,2015), Kon-
stantinou 55 (2008 ) i i X} b il 58 & B, TiO, 2 [f %)
& & B A A S U (VD >EBu (D >Cu( 1)
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Fig. 6 The variation trend diagram for the w(TiO,)-w(U) of

uranium ore at the Zoujiashan deposit
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