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Abstract
Fluorite has potential as a proximal indicator mineral for the exploration of specialty metals, particularly rare earth elements and Nb in carbonatite-
related deposits. Plots of Tb/La - Tb/Ca were generated using all available published data (worldwide) to compare REE concentrations in fl uorite 
from carbonatite, peralkaline-alkaline, Mississippi Valley Type (MVT), and vein (sedimentary, igneous, and metamorphic hosted) deposits. Y-Yb 
plots distinguish between fl uorites from carbonatite and MVT deposits. Fluorite from carbonatite-related and MVT deposits form compositional 
fi elds with minor overlap. Ongoing investigations include: microchemical analyses of fl uorites from key Canadian and foreign deposits, diagram 
refi nement by contouring, the production of probability plots, and experimentation with discrimination diagrams incorporating normalized REE 
slope calculations with the presence or absence of Ce and Eu anomalies.
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1. Introduction
A major objective of the Specialty Metal component of the 

TGI-4 is to develop and improve technologies and methods 
that can be applied during the exploration for buried REE and 
Nb ± Ta deposits. Specialty metals are found in a variety of 
geological settings including carbonatites and peralkaline 
intrusions (Simandl, 2012; Simandl et al., 2012). Although 
fl uorite is commonly associated with these specialty metals 
deposits, it is also present in MVT deposits, Climax-type 
molybdenum deposits, and fl uorite ± barite veins hosted by 
sedimentary, igneous, and metamorphic rocks. Fluorite can 
accept trace elements including REEs that substitute for Ca2+ in 
its crystal structure and fl uorite crystals may contain inclusions 
of REE-bearing fl uorocarbonates or other REE-bearing 
minerals. As a consequence, and due to its distinctive physical 
properties (colour, fl uorescence, high density, low hardness, and 
cleavage), fl uorite is a prospective proximal indicator mineral, 
particularly for carbonatite-related Rare Earth Element (REE) 
deposits. Herein we present Tb/La - Tb/Ca and Logarithmic Y 
- Yb plots based on a current, worldwide compilation of REE 
abundances reported in literature, demonstrating that these 
diagrams can discriminate between fl uorite from carbonatites 
and MVT deposits.

2. Fluorite
Fluorite occurs in a variety of colours ranging from 

transparent and colourless to nearly opaque and black, but is 
commonly purple, green, blue, or yellow, and can exhibit colour 
zoning, (Trinkler et al. 2005, Staebler et al. 2006). Fluorite is 
typically fl uorescent, and less commonly phosphorescent, 

thermoluminescent, and triboluminescent. Colour in fl uorite 
can be caused by a variety of factors including impurities, 
structural defects, and REE substitutions for Ca, whereas 
fl uoresence is generally attributed to REE substitutions of 
divalent and trivalent cations for Ca, (Verbeek, 2006). Studies 
on crystals from the Bingham deposit (New Mexico) identifi ed 
sector zoning in single crystals and demonstrated that trace 
element incorporation in fl uorite is surface specifi c (Bosce and 
Rakovan, 2001).

Other distinguishing characteristics of fl uorite are its crystal 
habit, hardness, and cleavage. Fluorite crystallizes as a cubic, 
face-centred lattice. Fluorine anions form square stacks 
forming eight-fold coordination sites for calcium. Ca cations 
are at the corners and centers of the cubic lattice (Nesse, 2000). 
Fluorite commonly forms cubes or octahedrons, less commonly 
dodecahedrons and, rarely, tetrahexahedrons, trapezohedrons, 
trisoctahedrons, hexoctahedrons, and botyroidal forms. In thin 
section, fl uorite is isotropic and rarely displays weak, anomalous 
anisotropism. Twinning is typical in fl uorite, following spinel-
law twins that can form penetration and contact twins (Staebler 
et al., 2006). Fluorite generally occurs as broken fragments 
due to its perfect {111} cleavage in four directions (Nesse, 
2000). Fluorite’s softness combined with its tendency to cleave 
makes it an excellent proximal indicator of mineral deposits. 
Additionally, the density of fl uorite can be as high as 3.6 g/
cm3 when enriched in REEs (Staebler et al., 2006) approaching 
those of common specialty metal indicator minerals such as 
REE-bearing hydrated carbonates and fl uorocarbonates (3.5 - 
5.0 g/cm3) pyrochlore (4.2 - 6.4 g/cm3) columbite (5.3 - 7.3 g/
cm3), and other indirect indicators such as barite (4.5 g/cm3), 
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celestite (3.9 - 4.0 g/cm3), and apatite (3.1 - 3.2 g/cm3).
Fluorite is primarily used as a fl ux in steelmaking, iron and 

steel casting, and other metallurgic processes such as primary 
aluminum production. Fluorite is also used in producing 
hydrofl uoric acid, glass, enamels, cement, welding rod coatings, 
herbicides, Tefl on, Freon, and other chlorofl uorocarbons 
(Simandl 2009a; b; Staebler et al., 2006).

Information about fl uorite occurrences in British Columbia 
are compiled in Pell (1992) and summarized by Simandl 
(2009b). Fluorite occurs as a gangue mineral in a number 
of REE deposits including carbonatites (e.g., Eldor, QC), 
peralkaline intrusions (e.g., Nechalacho, NWT; Strange Lake, 
QC and Labrador), REE occurrences of uncertain origin (e.g. 
Rock Canyon Creek, BC), carbonate-hosted zinc and lead-
bearing hydrothermal deposits including MVTs (e.g., Cave in 
Rock, Illinois), epithermal precious metal deposits (Epinger 
and Closs, 1990), Climax-type molybdenum deposits (e.g. 
Climax, Colorado; Ludington and Plumlee, 2009), other 
greisens-granite-pegmatite-hosted metal-bearing deposits, and 
fl uorite ± barite veins. 

3. Historic fl uorite discrimination diagrams
The REE chemistry of fl uorite has been previously used to 

generate discrimination diagrams for deposit types. Schneider 
et al. (1975) and Möller et al. (1976) created logarithmic 
abundance ratio diagrams of REE and calcium in fl uorite 
involving genetic terminology. These papers used atomic ratios 
of Tb/La and Tb/Ca to establish reference lines between genetic 
fi elds for “pegmatitic”, “hydrothermal”, and “sedimentary” 
fl uorite. These boundaries were used by many authors (e.g. 
Ekambaram et al., 1986; Koç and Reçber, 2001; Sánchez et al., 
2010; Schönenberger et al., 2007; Schwinn and Markl, 2005; 
Subías and Fernández-Nieto, 1995) to assign origin to specifi c 
deposits or fl uorite districts. Gagnon et al. (2003) questioned 
universal validity of these diagrams. Tümenbayar (1996) 
developed a discrimination diagram based on logarithmic 
concentrations of Y versus Yb measured in ppm to classify 
Mongolian fl uorite deposits into four categories. This diagram 
defi ned fi elds for epithermal, hydrothermal, pegmatitic, and 
magmatic fl uorite deposits. Koç et al. (2003) modifi ed the 
fi elds established by Tümenbayar (1996); however, the basis 
for this modifi cation is not clear. Herein we use Tb/La - Tb/Ca 
and Y - Yb diagrams to plot all available fl uorite data that can 
be assigned to carbonatite, peralkaline-alkaline, Mississippi 
Valley Type (MVT), and vein (sedimentary- igneous- and 
metamorphic-hosted) deposits.

4. Compilation diagrams
The database to construct Figures 1 to 3 was compiled from 

publications covering an array of deposit types worldwide. 
It contains more than 1000 entries of REE concentrations in 
fl uorite. The deposit type for each entry was determined from 
the geological information in its source document; only entries 
clearly identifi ed as carbonatite, peralkaline-alkaline, MVT, or 
vein type were used to construct the discrimination diagrams. 

Most of the data represent analyses by inductively coupled 
plasma mass spectroscopy (ICP-MS) or neutron activation, 
although some laser ablation ICP-MS results are included.

Vein-type mineralization was subdivided according to its host 
rock (sedimentary, igneous, or metamorphic). Carbonatite data 
were also divided in Figure 2 to represent fl uorite in carbonatite-
related fl uorite deposits and fl uorite from carbonatites explored 
for REE or Nb. The compiled data were superimposed on 
the modifi ed Tb/La - Tb/Ca diagram of Möller et al. (1976). 
Positions of the original Möller et al. (1976) reference lines 
dividing the diagram into “pegmatitic”, “hydrothermal”, and 
“sedimentary” fi elds were recalculated to ppm values for ease 
of use by the mineral exploration community and are shown on 
all Tb/La - Tb/Ca plots for reference. 

5. Results
Carbonatite-related fl uorite data defi ne a fi eld that is aligned 

along, but lies mainly below, the pegmatite-hydrothermal 
reference line (Fig. 1a). The fi eld of fl uorite from MVT 
deposits plots on both sides of the hydrothermal-sedimentary 
reference line and the highest density of samples straddles this 
boundary (Fig. 1b). Peralkaline-alkaline related fl uorite data are 
scattered, but with the exception of one sample, all are above 
the hydrothermal-sedimentary reference line (Fig. 1c). Samples 
from fl uorite-bearing veins hosted by sedimentary deposits plot 
entirely below the pegmatite-hydrothermal reference line (Fig. 
1d). Data from fl uorite veins hosted by igneous rocks (Fig. 1e) 
overlap those hosted by sedimentary rock, but extend farther 
below the hydrothermal-sedimentary reference line. Fluorite 
veins hosted by metamorphic rocks (Fig. 1f) defi ne a fi eld 
that overlaps the hydrothermal and sedimentary fi elds, with 
the main concentration of samples elongated and parallel to 
the hydrothermal-sedimentary reference line. Figures 2 and 
3 depict distinct fi elds for fl uorite from carbonatite and MVT 
deposits for Tb/La - Tb/Ca and Y - Yb diagrams respectively.

6. Discussion
Distinct compositional fi elds were produced representing 

REE signatures in fl uorite for carbonatite and MVT deposits 
(Figs. 2, 3).

Fluorite from peralkaline-alkaline settings defi ne a broad fi eld 
that lies above the sedimentary-hydrothermal reference line 
(Fig. 1c); and comparison between Figs. 1a and 1c demonstrate 
a compositional overlap between fl uorites from carbonatite and 
peralkaline-alkaline settings.

Data from fl uorite-bearing veins (Figs. 1d-f) scatter across 
the central parts of the Tb/La - Tb/Ca diagrams, but do not 
extend as far into the low Tb/La and high Tb/Ca areas as the 
carbonatite and peralkaline-alkaline data (Figs. 1a, c). Similarly 
the vein data do not extend as far into the high Tb/La and low 
Tb/Ca parts of the diagram as the MVT fl uorite compositions. 
The extensive compositional overlap between fl uorite-bearing 
veins cutting sedimentary, igneous and metamorphic rocks 
(Figs. 1d-f) indicates that chemistry of the local host rock is 
not the main factor controlling REE concentration in fl uorite.
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Fig. 1. Tb/La-Tb/Ca plots for fl uorite (modifi ed from Möller et al., 1976) with ratios calculated directly from Tb, La, and Ca concentrations 
in ppm. a) Carbonatite-related fl uorite (from: Alvin et al., 2003; Bühn et al., 2003; Palmer and Williams-Jones, 1994; Santos et al., 1996; Xu 
et al., 2012). b) Mississippi Valley Type (MVT) fl uorite (from: Bau et al., 2003; Hill et al., 2000; Levresse et al., 2006; Naldrett et al., 1987; 
Schneider et al., 1975; Souissi et al., 2010). c) peralkaline-alkaline rock-related fl uorite (from: Gagnon et al., 2003; Hill et al., 2000; Koç et al., 
2003; Minuzzi et al., 2008; Pekov et al., 2009; Schönenberger et al., 2008). d) Sedimentary rock-hosted fl uorite-bearing veins (from: Hill et al., 
2000; Koç and Reçber, 2001; Schwinn and Markl, 2005). e) Igneous rock-hosted fl uorite-bearing veins (from: Ackerman, 2005; Castorina et al., 
2008; Czaja et al., 2012; Dill et al., 2011; Hill et al., 2000; Levresse et al., 2006; Lüders et al., 2008; Monecke et al., 2002; Pinto-Coelho et al., 
1999; Sallet et al., 2005; Schwinn and Markl, 2005). f) Metamorphic rock-hosted fl uorite-bearing veins (from: Castorina et al., 2008; Cheilletz 
et al., 2010; Ekambaram et al., 1985; Lüders et al., 2008; Monecke et al., 2000; Schwinn and Markl, 2005). The red and blue dashed lines are the 
recalculated boundaries between the hydrothermal and pegmatite, and sedimentary and hydrothermal fi elds as defi ned by Möller et al. (1976). 

A review of the relationships between the temperature of 
homogenization and composition of fl uids relative to results 
of LA-ICPMS data on fl uorite from the same samples might 
determine if the distribution of the data on the Tb/La - Tb/Ca 
diagrams refl ects a trend of increasing fl uorite crystallization 
temperatures moving from the lower right (high Tb/La and 
low Tb/Ca) to the upper left (low Tb/La and high Tb/Ca). 
Fluid-rock interaction is important at elevated temperatures as 
there is a general trend of increased solubility of REEs with 
increasing temperature (Wood, 1990; Williams-Jones et al., 
2012). The increasing solubility is related to REE speciation, 
with F complexes predominant relative to Cl complexes in 

experimental studies up to 250°C. Sulfate, carbonate, and 
phosphate complexes may also be important (Williams-Jones 
et al. 2012), but have not been investigated experimentally. 
Another important geochemical factor infl uencing REE 
transport and deposition is pH with decreasing acidity (and 
chlorinity) driving REEs out of solution (Willams-Jones et al., 
2012).

The Y - Yb diagram (Fig. 3), represents the most 
straightforward method for the exploration industry to 
distinguish between fl uorite grains from carbonatite and 
MVT settings in stream sediments and till. Consideration of 
additional elements, besides REEs, will probably be required 
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to produce simple, user-friendly, fl uorite-based, discrimination 
diagrams for indicator mineral studies. 

7. Conclusion
Fluorite is a potential proximal indicator mineral for 

carbonatite-related specialty metal mineralization. Tb/La - Tb/
Ca and Y - Yb diagrams may be used to distinguish between 
fl uorite from carbonatite-related and MVT deposits; however, 
signifi cant overlap exists between compositional fi elds of 
fl uorites from sedimentary, igneous, and metamorphic rock 
hosted vein deposits. This indicates that REE concentration in 
fl uorite is largely independent of the composition of the host 
rock. There is also signifi cant overlap between compositions 
of fl uorites from carbonatites, peralkaline-alkaline intrusions, 
and veins. Further refi nements of these preliminary diagrams 
through data contouring and the production of probability plots 
are required. Effort is underway to analyze fl uorite from key 
Canadian and foreign deposits using EMP and LA-ICPMS, 
and to create a complementary set of discrimination diagrams 
incorporating slopes of chondrite-normalized plots and Ce and 
Eu anomalies. Consideration of additional elements, besides 
REEs, will be investigated to produce user-friendly, fl uorite-
based, discrimination diagrams for indicator mineral studies.

Acknowledgments
This project received funding and support from the Targeted 

Geoscience Initiative 4 (2010–2015), a Natural Resources 
Canada program carried out under the auspices of the Geological 
Survey of Canada. Simon Fraser University provided research 
funding via a Bridging Grant and student support via funding 
from the Earth Sciences Department. Reviews by Pearce 
Luck from the British Columbia Geological Survey improved 
the clarity of this manuscript. His contribution is greatly 
appreciated.

References cited
Ackerman, L., 2005. Magmatic vs. hydrothermal origin of fl uorites 

from Vlastějovice, Bohemian Massif. Journal of the Czech 
Geological Society, 50, 35-41.

Alvin, M. P., Dunphy, J. M., Groves, D. I., 2004. Nature and genesis of 
a carbonatite-associated fl uorite deposit at Speewah, East Kimberley 
region, Western Australia. Mineralogy and Petrology, 80, 127-153.

Bau, M., Romer, R.L., Lüders, V., Dulski, P., 2003. Tracing element 
sources of hydrothermal mineral deposits: REE and Y distribution 
and Sr-Nd-Pb isotopes in fl uorite from MVT deposits in the Pennine 
Orefi eld, England. Mineralium Deposita, 38, 992-1008. 

Bühn, B., Schneider, J., Dulski, P., Rankin, A. H., 2003. Fluid-
rock interaction during progressive migration of carbonatitic 
fl uids, derived from small-scale trace element and Sr, Pb isotope 
distribution in hydrothermal fl uorite. Geochimica et Cosmochimica 
Acta, 67, 4577-4595. 

Bosce, S. and Rakovan J. 2002. Surface-structure-controlled sectoral 
zoning of the rare earth elements in fl uorite from Long Lake, 
New York, and Bingham, New Mexico, U.S.A. Geochimica et 
Cosmochimica Acta, 66 (6): 997–1009.

Castorina, F., Masi, U., Padalino, G., Palomba, M., 2008. Trace-
element and Sr-Nd isotopic evidence for the origin of the Sardinian 

Tb
/C
a

Tb/La

10-4

10-5

10-6

10-7

10-8

10-9

10-2 10-1 10-0 101 10210-3

REE+Nb
carbonatite
fluorite

Carbonatite
fluorite
deposits

MVT fluorite

Fig. 2. Tb/La-Tb/Ca diagram showing compositional data for fl uorite 
from carbonatite-related and MVT deposits. The solid red line defi nes 
the boundary between MVT-related fl uorite and carbonatite-related 
fl uorite. The carbonatite data are bicolored, representing fl uorite found 
in carbonatite-related fl uorite deposits and fl uorite from carbonatites 
explored for REE or Nb. Information sources and reference lines as in 
Figures 1a and 1b. 

Fig. 3. Y-Yb plot for fl uorite from carbonatite and MVT deposits. The 
carbonatite-related fl uorites defi ne a trend with a shallow positive 
slope and have higher concentrations of Yb than fl uorites from MVT 
deposits with the exception of one sample. The solid red line defi nes 
the boundary between MVT-related fl uorite and carbonatite-related 
fl uorite. Information sources and reference lines as in Figures 1a and 
1b.

Makin, Simandl, and Marshall

210
Geological Fieldwork 2013, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2014-1



fl uorite mineralization (Italy). Applied Geochemistry, 23, 2906-
2921. 

Cheilletz, A., Gasquet, D., Filali, F., Archibald, D.A., Nespolo, M., 
2010. A late Triassic 40Ar/39Ar age for the El Hammam high-REE 
fl uorite deposit (Morocco): mineralization related to the Central 
Atlantic Magmatic Province?. Mineralium Deposita, 45, 323-329. 

Czaja, M., Bodyl-Gajowska, S., Lisiecki, R., Meijerink, A., Mazurak, 
Z., 2012. The luminescence properties of rare-earth ions in natural 
fl uorite. Physics and Chemistry of Minerals, 39, 639-648. 

Dill, H. G., Hansen, B. T., Weber, B., 2011. REE contents, REE 
minerals and Sm/Nd isotopes of granite- and unconformity-related 
fl uorite mineralization at the western edge of the Bohemian Massif: 
With special reference to the Naddburg-Wölsendorf District, SE 
Germany. Ore Geology Reviews, 40, 132-148.

Ekambaram, V., Brookins, D.G., Rosenberg, P.E., Emanuel, K.M., 
1986. Rare-earth element geochemistry of fl uorite carbonate 
deposits in western Montana, U.S.A.. Chemical Geology, 54, 319-
331.

Eppinger, R.G., Closs, G.L., 1990. Variation of trace elements and rare 
earth elements in fl uorite, a possible tool for exploration. Economic 
Geology, 85, 1896-1907. 

Gagnon, J.E., Samson, I.M., Fryer, B.J., Williams-Jones, A.E., 2003. 
Compositional heterogeneity in fl uorite and the genesis of fl uorite 
deposits: Insights from LA-ICP-MS analysis. The Canadian 
Mineralogist, 41, 365-382. 

Hill, G.T., Campbell, A.R., Kyle, P.R., 1999. Geochemistry of 
southwestern New Mexico fl uorite occurrences implications for 
precious metals exploration in fl uorite-bearing systems. Journal of 
Geochemical Exploration, 68, 1-20.

Koç, Ş., Özmen, Ö., Dogan, A. U., 2003. Geochemistry of fl uorite 
mineralization in Kaman, Kirsehir, Turkey. Journal Geological 
Society of India, 62, 305-317. 

Koç, Ş., Reçber, A., 2001. Fluid inclusion studies and geochemistry 
of rare earth elements of hydrothermal fl uorites from Pöhrenk, 
Kirşehir, Central Turkey. Acta Geologica Sinica, 75, 59-65. 

Levresse, G., Tritlla, J., Villareal, J., Gonzalez-Partida, E., 2006. The 
“El Pilote” fl uorite skarn: A crucial deposit in the understanding 
and interpretation of the origin and mobilization of F from northern 
Mexico deposits. Journal of Geochemical Exploration, 89, 205-209.

Lillie, R. (2006). The great southern Illinois fl uorspar deposits. In: 
Fluorite - the collector's choice. Fisher, J., Jarnot, M. Neumeier, G., 
Pasto, A., Staebler, G. and Wilson, T. (Eds.):. Lithographie, LLC, 
Connecticut, U.S.A. pp. 56-63.

Lüders, V., Romer, R.L., Gilg, H. A., Bodnar, R.J., Pettke, T., 
Misantoni, D., 2009. A geochemical study of the Sweet Home Mine, 
Colorado Mineral Belt, U.S.A: hydrothermal fl uid evolution above 
a hypothesized granite cupola. Lehmann, B., Mineralium Deposita, 
44, 425-434. 

Ludington, S., Plumlee, G.S., 2009. Climax-type porphyry 
molybdenum deposits. Open-File Report 2009-1215. U.S. 
Department of the Interior, U.S. Geological Survey. 4-16. 

Marchand, L., Joseph, D., Touray, J. C., 1976. Criteres d’analyse 
géochimique des gisements de fl uorine bases sur l’étude de 
la distribution des lanthanides – application au gite de Maine 
(71-Cordesse, France). Mineralium Deposita, 11, 357-379.

Méary, A., Touray, J. C., Galland, D., Jebrak, M., 1985. Interprétation 
de l’anomalie en europium des fl ourines hydrothermales – Données 
de la resonance paramagnétique électronique: Application au gite 
de fl uorine de Montroc (Tarn, France). Chemical Geology, 48, 115-
124. 

Minuzzi, O.R.R., Bastos N., Arthur C., Formoso, M.L.L., Andrade, 

S., Janasi, V.A., Flores, J.A., 2008. Rare earth element and yttrium 
geochemistry applied to the genetic study of cryolite ore at the 
Pitinga Mine (Amazon, Brazil). Annals of the Brazilian Academy 
of Sciences 80, 719-733.

Möller, P., Parekh, P.P., Schneider, H.-J., 1976. The Application of 
Tb/Ca-Tb/La abundance ratios to problems of fl uorspar genesis. 
Mineralium Deposita, 11, 111-116. 

Monecke, T., Kempe, U., Monecke, J., Sala, M., Wolf, D., 2002. 
Tetrad effect in rare earth element distribution patterns: A method 
of quantifi cation with application to rock and mineral samples from 
granite-related rare metal deposits. Geochimica et Cosmochimica 
Acta, 66, 1185-1196. 

Monecke, T., Monecke, J., Mönch, W., Kempe, U., 2000. 
Mathematical analysis of rare earth element patterns of fl uorites 
from the Ehrenfriedersdorf tin deposit, Germany: evidence for 
a hydrothermal mixing process of lanthanides from two different 
sources. Mineralogy and Petrology, 70, 235-256.

Naldrett, D. L., Lachaine, Andre, Naldrett, S. N., 1987. Rare-earth 
elements, thermal history, and the colour of natural fl uorites. 
Canadian Journal of Earth Sciences, 24, 2082-2088.

Nesse, W.D., 2000. Introduction to Mineralogy. Oxford University 
Press, Inc., New York, New York, 466 p.

Palmer, D.A.S., Williams-Jones, A.E., 1996. Genesis of the carbonatite-
hosted fl uorite deposit at Amba Dongar, India: Evidence from fl uid 
inclusions, stable isotopes, and whole rock-mineral geochemistry. 
Economic Geology, 91, 934-950.

Pekov, I.V., Chukanov, N.V., Kononkova, N.N., Yakubovich, O.V., 
Massa, W., Voloshin, A.V., 2009. Tveitite-(Y) and REE-enriched 
fl uorite from amazonite pegmatites of the Western Keivy, Kola 
Peninsula, Russia: Genetic crystal chemistry of natural Ca, REE-
fl uorides. Geology of Ore Deposits, 51, 595-607. 

Pell, J., 1992. Fluorospar and fl uorine in British Columbia. Province 
of British Columbia. Bulletin – Ministry of Energy Mines and 
Petroleum Resources. 1-82. Open File. 

Pinto-Coelho, C., Botelho, N.F., Roger, G., 1999. Rare-earth elements 
mobility during hydrothermal alteration: the example of the Serra 
Branca granite, central Brazil. Geomaterials, Paris, 328, 663-670. 

Sallet, R., Moritz, R., Fontignie, D., 2005. The use of vein fl uorite 
as probe for paleofl uid REE and Sr-Nd isotope geochemistry: 
The Santa Catarina Fluorite District, Southern Brazil. Chemical 
Geology, 223, 227-248. 

Sánchez, V., Cardellach, E., Corbella, M., Vindel, E., Martín-Crespo, 
T., Boyce, A.J., 2010. Variability in fl uid sources in the fl uorite 
deposits from Asturias (N Spain): Further evidences from REE, 
radiogenic (Sr, Sm, Nd) and stable (S, C, O) isotope data. Ore 
Geology Reviews, 37, 87-100. 

Santos, R., Ventura, D., Marcel A., De Oliveira, C.G., 1996. Rare earth 
elements geochemistry of fl uorite from the Mato Preto Carbonatite 
Complex, Southern Brazil. Revista Brasileira de Geociências, 26, 
81-86. 

Schneider, H.-J., Möller, P., Parekh, P.P., 1975. Rare earth elements 
distribution in fl uorites and carbonated sediments of the East-Alpine 
mid-Triassic sequences in the Nördliche Kalkalpen. Mineralium 
Deposita, 10, 330-344. 

Schönenberger, J., Köhler, J., Markl, G., 2008. REE systematics of 
fl uorides, calcite, and siderite in peralkaline plutonic rocks from the 
Gardar Province, South Greenland. R.L. Rudnick (Eds.), Chemical 
Geology, 247, 16-35. 

Schwinn, G., Markl, G., 2005. REE systematics in hydrothermal 
fl uorite. Chemical Geology, 216, 225-248. 

Simandl, G.J., 2012. Geology and economic signifi cance of current 

Geological Fieldwork 2013, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2014-1
211

Makin, Simandl, and Marshall



and future rare earth element sources. Proceedings of the 51st 
conference of metallurgists. J.R. Goode, G. Moldoveanu, M.S. 
Rayat (Eds.), Rare Earths 2012, Canadian Institute of Mining, 
Metallurgy and Petroleum, Niagara, Ontario, pp. 15-30.

Simandl, G.J., Prussin, E.A. and Brown, N., 2012. Specialty metals 
in Canada. BC Ministry of Energy and Mines, British Columbia 
Geological Survey; 7-48. Open File.

Simandl, G.J., 2009a. World fl uorspar resources, market and deposit 
examples from British Columbia, Canada. BC Ministry of Energy 
and Mines, British Columbia Geological Survey, 4-16. Information 
Circular 2009.

Simandl G.J., 2009b. Fluorspar market and selected fl uorite-bearing 
deposits, British Columbia, Canada, BC Ministry of Energy and 
Mines, British Columbia Geological Survey Geofi le 2009-03, 
poster. 

Souissi, F., Souissi, R., Dandurand, J.-L., 2010. The Mississippi 
Valley-type fl uorite ore at Jebel|Stah (Zaghouan district, north-
eastern Tunisia): Contribution of REE and Sr isotope geochemistries 
to the genetic model. Ore Geology Reviews, 37, 15-30.

Staebler, G., Deville, J., Verbeek, E., Richards, R.P., and Cesbron, 
F. (2006). Fluorite: From ancient treasures to modern labs and 
collections. In: Fluorite - the collector's choice. Fisher, J., Jarnot, 
M. Neumeier, G., Pasto, A., Staebler, G. and Wilson, T. (Eds.). 
Lithographie, LLC, Connecticut, U.S.A. pp. 4-12.

Subías, I., Fernández-Nieto, C., 1995. Hydrothermal events in the 
Valle de Tena (Spanish Western Pyrenees) as evidenced by fl uid 
inclusions and trace-element distribution from fl uorite deposits. 
Chemical Geology, 124, 267-282.

Trinkler, M., Monecke, T., Thomas, R., 2005. Constraints on the 
genesis of yellow fl uorite in hydrothermal barite-fl uorite veins of 
the Erzgebirge, Eastern Germany: Evidence from optical absorption 
spectroscopy, rare-earth element data, and fl uid-inclusion 
investigations. The Canadian Mineralogist, 43, 883-898.

Tümenbayar, B. 1996. REE in different types of fl uorites. 30th 
International Geological Congress, Bejing, China, 2, 685.

Verbeek, E. (2006). Fluorite Luminescence. In: Fluorite - the collector's 
choice. Fisher, J., Jarnot, M. Neumeier, G., Pasto, A., Staebler, G. 
and Wilson, T. (Eds.), Lithographie, LLC, Connecticut, U.S.A. pp. 
13-19.

Willaims-Jones, A.E., Migdisov, A.A., Samson, I.M. 2012. 
Hydrothermal mobilization of the rare earth elements – a tale of 
“ceria” and “yttria”. Elements, 8, 355-360.

Wood, S.A. 1990. The aqueous geochemistry of the rare-earth elements 
and yttrium: 2. Theoretical predictions of speciation in hydrothermal 
solutions to 350 °C at saturation water vapour pressure. Chemical 
Geology, 88, 99-125.

Xu, C., Taylor, R.N., Li, W., Kynicky, Ji., Chakhmouradian, A.R., 
Song, W., 2012. Comparison of fl uorite geochemistry from REE 
deposits in the Panxi region and Bayan Obo, China. Journal of 
Asian Earth Sciences, 57, 76-89. 

Yuan, S., Peng J., Hu, R., Bi, X., Qi, L., Li, Z., Li, X., Shuang, Y., 
2008. Characteristics of rare-earth elements (REE), strontium and 
neodymium isotopes in hydrothermal fl uorites from the Bailashui 
tin deposit in the Furong ore fi eld, southern Hunan Province, China. 
Chinese Journal of Geochemistry, 27, 342-350. 

Geological Fieldwork 2013, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2014-1
212

Makin, Simandl, and Marshall




