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Mineral composition of phosphorites and the origin of impurity elements in
collophanite in the Zhijin REEs-rich phosphorite deposit, Guizhou Province
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Abstract: Marine sedimentary phosphorites usually contain high rare earth elements (REEs) content, especially
the heavy REEs (HREEs), which account for over 30% of the total REEs. The phosphorites may became another
important source for HREEs in the future. Phosphorite deposits are widely distributed in China and most of them
are found in Yunnan, Guizhou, Sichuan Provinces, etc. High REEs abundances are confirmed in the Zhijin phos-
phorite deposit in Guizhou Province and with total REEs resource over 3 Mt. The collophanite and apatite are the
main host phase for both REEs and P, and the collophanite has complex chemical composition. There are still con-
troversies for the mineral and chemical composition of collophanite. Based on detailed petrological, mineralogical,

SEM/EDS, XRD, FIB-TEM and LA-ICP-MS results of phosphorites in Zhijin deposit, this paper discuss the mineral
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composition of phosphorites and the origin of the complex chemical composition of collophanite. The results show
that the most phosphorites in the deposit show the pelletal texture, which is composed of phosphorous pellets and
carbonate cement. The mineral composition of the phosphorous pellet is very complex, including mainly fluorapatite
and dolomite, and with minor quartz, dolomite, pyrite (some oxidized into limonite), muscovite, solid bitumen and
barite. The mineral composition of the cement is mainly dolomite, with minor quartz, pyrite, barite, and trace
amounts of zircon, rutile, and liebigite (possibly formed by oxidation of other uranium minerals). The FIB-TEM
results show that the cryptocrystalline part of the outer layer of phosphorus pellet is composed of nanoscale mineral
aggregates including mainly nanoscale fluorapatite, and small amount of nanoscale dolomite, pyrite and organic
matter. The mineral composition of collophanite is similar to that of phosphorus pellet. The discovery of nanoscale
fluorapatite, dolomite, pyrite, and organic matter in phosphorite provides reliable evidence for explaining the chem-
ical complexity of collophanite. The discovery of solid bitumen and liebigite in phosphorites, as well as high REEs
content in organic matter, also provides new evidence for an alternative occurrence of U and REEs in phosphorites.

Key words: Zhijin REEs-rich phosphorite deposit; phosphorite; collophanite; mineral composition; nano scale

mineral aggregate
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Fig. 1 Tectonic location map (a, after Zhao et al. , 2001) and geological sketch map (b, after Chen Chuan et al. , 2014; Mao
Tie et al. , 2015) of the Zhijin REEs-rich phosphorite deposit in Guizhou Province, China
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Fig. 2 Photographs of field outcrops of different types of phosphorites
a—PJURMIE B b—SiP RIS B  P—BCS; D—A B2

a—massive structure of phosphorite; b—banded structure of phosphorite; P—phosphorite; D—dolomitic layer
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Fig. 3 Micrograph of different types of phosphorus grains and pelletal phosphorites (all photographs are under plane-polarized
light except Fig. f is under reflected light)
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a—different types of phosphorus grains in phosphorite; b—phosphorus grain with apatite crystals shape; ¢—phosphorus grain with concentric rings;
d—phosphorus grain with radial rings; e, f—solid bitumen in the middle of the phosphorus grain; Pln—collophanite; Qz—quartz; Ap—apatite;

Dol—dolomite ; Btm—Dbitumen; Org—organic matter
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Fig. 4 XRD spectrum of dolomitic phosphorite in the
Zhijin phosphorite deposit
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Fig. 5 BSE (backscattered electron) images of minerals in phosphorus grains of phosphorites
a— DR 07 UKL 1 ) B A7 3 5 b—HIR B STBURE SN2 B e R K AR B B KA A e— L IRL O PROIR B BUORE (9 &R B 1 = s
d—BRFMORLT 6 = B AL RO s e— B BRI TR T i Ay (— B S A WL IR BUBRL ;. Qu—A1 3%, PIn—JReBED; Ap—WiIRAT
Dol—H = f1; Ms—H =t ; Brt—H i A ; Org— A HLE

a—an elliptical phosphorus grain with euhedral quartz; b—a columnar phosphorus grain with cryptocrystalline collophane in the outer zone and crystal-

line apatite in the inner zone; c—druse and dolomite crytal in center of a phosphorus grain; d—partial enlarged image of the mica-rich part in a phos-

phorus grain; e—barite in the rime of a phosphorus grain; f—an organic matter-rich phosphorus grain; Qz—quartz; Pln—collophanite; Ap—apatite;

Dol—dolomite ; Ms—muscovite; Brt—Dbarite; Org—organic matter
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K6 BEHCA o BRSSPI h 4 Yy BSE K14
Fig. 6 BSE images of constituent minerals in the dolomitic cement in phosphorites
a—HF = AP EAHBET bAoA P RMERNEA; c—HaATIEEE Jrie MK A d—H = A a4 Fa pus
Pln—RW W5 Zm—45 40, Ap—BE KA ; Dol—H &A1 ; Fir—3f1; Org— A WL ; Gn— 40" ; Py—840"; Lm— &8k ; Lhi—ah45 A
a—zircon and limonite in dolomite; b—microencapsulated fluorite in dolomite; c—pyrite, galena, and apatite in dolomite; d—liebigite and organic
matter in dolomite; Pln—collophanite; Zm—zircon; Ap—apatite; Dol—dolomite; Flr—fluorite; Org—organic matter; Gn—galena; Py—pyrite;

Lm—Tlimonite ; Lbi—Tliebigite

K7 E BRI A A3 (a) ATE =47 (b) 1 BSE El&
Fig. 7 BSE images of quartz (a) and dolomite (b) with microscale apatite inclusions
PIn— BN ; Ap—Wi /KA ; Dol—H = Ay Qu—A 9
Pln—collophanite ; Ap—apatite; Dol—dolomite; Qz—quartz
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Fig. 8 TEM images of collophanite

a— KB B ST L BEIENR AT UL B R G5 A4 IO B IR A7 B LB 0 9 0 A BILST; b— 23 R ST L BEIRIR , s T A 11 i 2R 8L

Ap—HE KA Dol—H A1 ; Org— A ML ; Py—ia4ka”

a—TEM image of collophanite, showing the mosaic texture of apatite and its interstitial dolomite and organic matter; b—HRTEM image showing

the lattice fringe of apatite; Ap—apatite; Dol—dolomite; Org—organic matter; Py—pyrite

F1 LEBPETIKBY BiEMB AR EPMA K& R

wy/ %

Table 1 EPMA test results of collophanite, apatite and dolomite in the phosphorites from Zhijin phosphorite deposit

WY RS Si0, TiO, P05 Y,0; ALO; V,05 CaO  MgOD  FeO €l MnO K,0 Na,0 pPhOo F  SO; BaO €O, i
GZW-06  / /o 4102 /002 / 5563 0.04 / 0.06 0.03 / - - 374 0.19 - - 99.16
g CAW06 /0 0.02 4111/ 0.07 /5517 0.04 0.06 0.04 / 0.02 - - 371/ - - 98.68
GZW-06 /  0.04 40.17 / / / 5533 0.04 0.04 0.05 / / - - 349 0.20 - - 97.89
ToGrweor /002 4083/ /5511 0.04 / / / / - - 369 0.21 - - 98.35
GZW-04 /4035 / / /5494 0.11 0.06 0.02 / 0.03 - - 365 0.20 - - 97.83
GZW-04  / 42,000 / / /5502 /  0.02 / / / - - 364/ - - 99.15
WK czw-06 v /42,18 7 / /55.21  / / / / / - - 364 - - 99.56
H  GIW-06 /42,06 0.18 / /5541 / / / / / - - 371/ - 99.80
GZW-06  / / 41.82  /  0.09 / 5578 0.02 / / /0 0.03 - - 361 /7 - - 99.83
GZW-06 / 0.03 0.04 - 0.03 - 30.30 21.22 0.51 - 0.13 0.02 / / - / / 47.49 99.77
GZW-06 0.51 / / - 0.04 - 2965 20.93 0.33 - 0.12 / 0.4 / - / /  47.50 99.49
GZW-06  / /007 - 0.03 - 2999 21.62 0.34 - 0.12 0.06 0.06 / - / / 47.63 99.92
GZW-06 0.03 0.02 / - 0.13 - 30.04 21.63 0.04 - 0.23 0.06 / 0.08 - / / 47.64 99.90
GZW-06  / / / - 0.03 - 2977 21.66 0.47 - 0.10 / 0.02 / - / / 47.47 99.52
fe GZW-06 /0 0.03 0.03 - / - 2944 22,42 0.02 - 0.06 / 0.06 / - / / 47.75 99.81
GZW-04  / /003 - 002 - 29.35 2225 0.43 - 0.13 0.02 / / - / 0.04 47.76 100.03
A owen / / - / - 29.47 21.07 1.26 - 0.27 / / / - / / 47.06 99.13
GZW-12  / / / - 0.02 - 2911 21.17 1.70 - 0.36 / / / - / / 47.26 99.62
GZW-12  / / / - / - 29.46 21.28 1.38 -  0.33 0.02 0.02 / - /0.12 47.48 100.09
GZW-12  / / / - 0.02 - 28.97 20.61 2.67 - 0.24 0.06 0.05 / - / / 47.16 99.78
GZW-12  / /004 - 003 - 2911 20.26 2.78 - 0.5 / 0.03 / - / / 47.11 99.87
GZW-12  / /007 - 002 - 2860 2254 0.05 - 029 0.02 0.07 / - / / 47.46 99.12

“/7FOME TR R =7 R R

B (collophane Y collophanite) , FEZFHtHbEK B/ A C Mg Al S Fe 55, %F H & 4% il 7 0 i FE
Bh2E1a (26 3 ) (Allaby, 2008) 1, BEBEH (collo-  HHTAJLAHIE], McClellan ( 1980) TA A 44 5 11 4 Y5
phane 5§, collophanite ) # & Xy —Fh Ba i B A9 W K FERBEKA DI TR R 25 3L 450 F gk
A1, 462200 Cag(PO, ) s(OHL,F, CL) B 7 TREUT  HURAS B AR O B A | JsUIBC R AL L 72 B AR 9
VA e B A R fa g i 240 8 4 & R IR G BT H b A2 S ) AR Ak, A4 i

JEERHEAT () L3 AR AR, BRI KA 1 h e S BRI 2 AL 8 4K o MeClellan 55 (1991) R 4¢
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Fig. 9 PAAS-normalized REY partition patterns for collophanite (a), apatite (b), dolomite (¢) and quartz (d) in phosphorite
(PAAS from McLennan, 1989)
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