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Abstract: This study focuses on the rare uranium mineralization phenomenon discovered in the Tamsu uranium
deposit of Yin’ e basin that part of uranium ores contain a large amount of apatite. The lithology, mineralogy,

and geochemistry of these uranium ores were studied in detail by microscope, SEM, EMPA, XRD and analysis
of major and trace elements, strontium isotope and bulk rock U=Pb isotope, its genesis was also discussed . The
rock types associated with phosphorus—rich uranium ores include purplish-red dolomitic phosphorite, grayish—
white dolomitic phosphorite, phosphorus—bearing siltstone, medium phosphatic sandstone, and brecciated
limestone. The whole rock P,0; content of the samples ranges from 0.42 % to 27.74 %. The primary phosphorus—
containing mineral is apatite which occurs as microcrystalline apatite (about 0.5 pm) aggregate and accounts for
up to 70 % of the whole rock. These apatite were identified as carbonate—fluorapatite. Uranium content varies from
22110710 3 486x107° and show a significant positive correlation with P,0, content, the rock’s water bursting
breccia structure, REE patterns, and lower Sr isotope values indicated the participation of hydrothermal deposition
during apatite formation. Whole rock U-Pb isochron age of purplish-red phosphorite is 54+5.2 Ma, implying that
the phosphorite suffered the alteration by the interlayer oxidation derived from the Zongnaishan uplift event around

60 Ma . In summary, the formation of phosphorus—rich uranium ores in the Tamsu area was the product of multiple

geological processes including hydrothermal deposition and interlayer oxidation
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a—Tectonic location of Tamusu area; b—Simplified uranium geological map.
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Fig.1 Tectonic location and simplified geological map of Tamusu area
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Fig. 2 Geological section of line 32 in Tamusu uranium deposit (modified after referencel 8 ])
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Table 1 Samples information of phosphorus—rich uranium ores from Tamusu deposit

4 ik

e AR /m A y 5 A R nC kg h u/o®  P,0,/%
GM-131 7ZK56-8, 474 ESARGNE PN R T 20 2299 14.93
GM~-133 ZK36-11, 400 KRB BT b A 48 892 9.26
GM-136 ZK32-11, 403 E SRS N7k e 20 2078 7.37
GM-140 ZK24-15, 406 UIERERigss 20 3468 27.74
GM~-159 ZK34-11, 413 f SARCRTI5 SRR 17 900 6.02
GM-162 7ZK52-12, 481 FLAOTHM S 10 285 1.49
TMS22-07 ZK44-16, 520 TR 2 T 22 623 15.7
TMS22-08 ZK40-28, 550 TR B BT A0 25 792 11.6
TMS22-10 7K32-0, 300.5 TR 18 £ R R IR A 25 760 2.68
T™MS22-11 7K32-0, 301 IR SRR K 25 540 3.7
TMS22-14 ZK24-3, 516.5 KA 8 Ff BRoR K 15 424 1.55
TMS22-16 7ZK15-0, 516 TR BRIR K A 10 221 0.418
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a—Purplish red and grayish white phosphorite;
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b=Grayish white dolomitic phosphorite;
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c—Brecciated limestone;
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phosphorus—bearing siltstone; e—Core box containing the sample from figure a; f-Core box containing the sample from figure c.
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Fig. 3 Hand specimen of phosphorus—rich uranium ores of Tamusu uranium deposit
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a—SEM image of Apatite (Ap) and dolomite (Dol) in grayish white dolomitic phosphorite; b—Microcrystalline apatite showing full

wave retardation under a microscope (crossed polarized light) ; c¢— SEM image of aggregates of short—columnar microcrystalline apatite ;
d-Hematite (Hm) and gypsum (Gp) developed around dolomite aggregates in grayish white dolomitic phosphorite; e-Suspected
carbonized plant debris in grayish white dolomitic phosphorite; f=Tubular structures formed by microcrystalline apatite; g—Hematite and
microcrystalline apatite developed within dissolution pores of dolomite cement in purplish red dolomitic phosphatic siltstone; h—
Microcrystalline apatite developed within dissolution pores of feldspar debris in phosphorus—bearing medium sandstone; i-Apatite and
dolomite suspected to be replacing brachiopod structures within the matrix of phosphorus—bearing medium sandstone.
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Fig. 4 Petrology and mineralogy of phosphorus—rich uranium ores in Tamushu deposit
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Table 2 XRD data of phosphorus—-rich uranium ore samples in Tamusu deposit/%

K a¥e #Rka ARka A Axa WSS RSy BERa aF HLvw

TMS-22-07 4.7 5 14.8 — 353 — 40.2 — —
TMS-22-08 8.5 15.8 41.2 — 10.5 — — 19.6 — 4.4
TMS-22-10 6.1 — — 51.3 35.8 — — 4.7 2.1 —
TMS-22-14 1.2 — — 78.3 13.4 — — 2.4 — 4.7
TMS-22-16 2.2 — — 75.5 22.3 — — — — —

T =" R T R R
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a—Carbonate veins enclosing gypsum (Gp) and fluorite (F1) in brecciated limestone; b—Microscopic image of breccia containing

fine—crystalline dolomite and microcrystalline apatite as well as dolomite and fluorite veins; ¢—SEM image of interpenetrated carbonate

veins and bitumen veins in the breccia; d-Fine—crystalline dolomite, quartz, microcrystalline apatite (Ap)

breccia
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and uranium minerals in

Fig. 5 Petrology and mineralogy of brecciated limestone uranium ore in Tamusu deposit
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Fig. 4 EMPA analyzed result/% of apatite from phosphorus—rich uranium ore of Tamusu deposit

D F CaO P,0, Na0 SO UO, MgO FeO MnO BaO Cl K,0 ThO, Ti0, ALO, A
GM-131-1 422 50.17 34.64 199 0.69 0.65 02 0.6 0.05 0.05 0.07 004 — — 002 9LI8
GM-131-2 3.88 482 3492 189 076 072 022 0.16 006 — 0.1 008 — 002 — 8938
GM-131-3  4.05 46.46 3349 223 1.2 029 023 0.13 006 — 004 — — — — 864
GM-131-4 3.61 462 3281 209 1.17 — 023 009 009 038 — — — — — 8515
GM-131-5 376 4994 309 229 1.6 02 032 007 005 006 002 — 009 008 — 874l
GM-131-6  3.68 4848 34.61 251 1.16 0.6 032 0.3 009 015 — — — — — 8974
TMS22-10-1 3.05 4573 31.81 161 0.75 0.66 034 003 003 — 013 — — 005 — 8524
TMS22-10-2 4.78 49.73 34.13 168 089 065 030 — — — 014 — 010 010 — 93.17
TMS22-10-3 5.00 50.30 34.18 142 092 038 030 — — — 009 002 — —  — 9266
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Fig. 6 Correlation diagram of element content in phosphorus—rich uranium ores from Tamusu deposit
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Fig. 7 Whole rock REE distribution curve of phosphorus—rich uranium ores from Tamusu deposit (normalized to post—

Archean Australian Shale,PASS)
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Fig. 8 Isochron diagram of U-Pb isotope of purplish red dolomitic phosphorite uranium ores from Tamusu deposit
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Table 4 Whole rock strontium isotope of phosphorus—rich uranium ore samples from Tamusu deposit

Rl SRAFEAL E /m Fagis Y7Sr/*5Sr Stderr
TMS22-07 ZKH44-16, 520 Y RERENE PN e 0.709 565 0.000 13
TMS22-08 7ZKH40-28, 550 YIERERT e R e 0.709 089 0.000 018
TMS22-14 ZKH24-3, 516.5 TR S BR RO 0.708 594 0.000 016
TMS22-16 ZKH15-0, 516 R A1 BRAR KA 0.708 482 0.000 013

ZKT136-40-34 ZKT136-40, 156.4 YIRS PN s 0.709 916 0.000 017

ZKT136-40-50 ZKT136-40, 442

WK = R 0.710 082 0.000 018
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