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REE geochemistry and fluid-inclusion studies of fluorite
deposits from the Yaylagözü area (Yıldızeli-Sivas) in Central
Turkey
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Abstract: Skarn- and vein-type fluorite deposits in the vicinity of Yaylagözü, Yıldızeli-Sivas, are found within the syenites and
their skarn zones that are located in the Central Anatolia Massif. Mining was activite on several fluorite mineralizations during
the early 1950 s, but is presently inactive. The goal of this study, on the basis of REE geochemistry and fluid inclusion investiga-
tions, is to explain the genesis and physicochemical conditions of fluorite mineralization hosted by calc-alkaline to alkaline sye-
nites of Upper Cretaceous age.

The rare-earth element content of the Yaylagözü fluorite is quite variable. Fluorites have moderate to high total REE contents
ranging from 68 ppm to 5288 ppm, with a mean of 907, compared with the fluorite occurrences elsewhere both in hydrothermal
and sedimentary origin. Light rare-earth elements (LREE) are enriched in all the studied fluorite samples. Chondrite-normalized
La/Lu ratios range from 13.7 to 364, regardless of color variation in fluorites. This, as well as low Tb/La ratio, is the indicative of
early crystallization of fluorite from the mineralizing solution. The Tb/La and Tb/Ca ratios of fluorites in the present study indi-
cate that they plot mainly in the “pegmatitic” or “high-hydrothermal” field of the diagram of Möller et al. (1976) with the char-
acteristics of primary crystallization and remobilization trends. Fluid inclusion microthermometry indicates that the fluorite in
most of the veins was formed from the fluids at temperatures between 161 ˚ and 243 ˚C. Primary fluid inclusions for samples
plotting into the “pegmatitic” field of the Möller et al. diagram (1976) has the highest homogenization temperatures.
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1. Introduction

Fluorite of varied color and habit occurs in a wide range
of ore deposits, from low-temperature and moderate sa-
linity epithermal veins and replacements to high-temper-
ature and high-salinity magmatic deposits such as grei-
sens, skarns, porphyries, and pegmatite systems (Kesler
1977, Richardson & Holland 1979, Goldring &
Greenwood 1990, Galindo et al. 1994, Subias &
Fernández-Nieto 1995, Hill et al. 2000, Williams-
Jones et al. 2000, Coniglio et al. 2000, Bühn et al.
2002, Gagnon et al. 2003).

Calc-alkaline to alkaline magmatism gave rise to nu-
merous polymetallic ore deposits associated with fluorite
in Central Turkey (Tülümen 1980, Sagiroglu 1982,
Sasmaz 1999). The study area comprises metamorphic
rocks of the Central Anatolian Massif with numerous

calc-alkaline to alkaline intrusive bodies. At the contacts
of the metamorphic and magmatic rocks, various base-
metal sulphide deposits (Pb, Zn, Fe, and Cu) were
formed. Fluorite was deposited either as a single phase
or as an accessory phase in most of the base-metal sul-
phide deposits. Many fluorite deposits occur near Kırşe-
hir, Yozgat, and Sivas in the Central Anatolian Massif,
which also is known as the Kırşehir Massif (Koç et al.
2003, Sasmaz et al. 2005). The Yaylagözü fluorite depo-
sits occur as vein- and skarn-type mineralizations
(Fig. 1). Some of these veins were explored by Zeschke
(1953), but were not subjected to detailed geochemical
and fluid-inclusion research. In this study, we report
REE and fluid-inclusion data in order to understand the
physicochemical environment of the fluids that formed
the Yaylagözü fluorite deposit.
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2. Regional and local geology

In previous studies (Görür et al. 1984, Poisson 1986,
Alpaslan & Boztuğ 1997) the metamorphic and mag-
matic rock assemblages outcropping between the eastern
parts of Ankara, the Kırşehir-Niğde, and the Sivas-Yoz-
gat areas have been referred to as the Kırşehir Block.
The metamorphic rocks of the Kırşehir Block are de-
scribed either as the Kaman Group (Seymen 1984) or
the Kırşehir Metasedimentary Group (Tolluoğlu
1986), or the Yıldızeli Metasedimentary Group (Alpas-
lan 1993). The Yıldızeli Metasedimentary Group is sub-
divided into four units: the Aşılık metamorphics, the
Fındıcak metamorphics, the Pelitkaya quartzite, and the
Kadıköy metacarbonate (Alpaslan & Boztuğ 1997).
These metamorphic rocks were intruded by granitic and
syenitic, calc-alkaline to alkaline intrusive bodies
(Fig.1).

The Paleozoic basement, which is comprised of meta-
morphic and intruded magmatic rocks, is covered by Pa-
leocene sedimentary rocks. In the study area, the Yıldı-
zeli metamorphic rocks and the Upper Cretaceous Davu-
lalan syenites are widespread (Fig. 2). Metamorphic

rocks, exposed in the vicinity of Yıldızeli region, start at
the basement with pelitic schists and migmatites. This
sequence consists of quartzite, quartz schist, and marble
at the top (Alpaslan 1993). The thickness of metamor-
phic rocks around the Yıldızeli area reaches approxima-
tely 30 m. The metamorphic rocks of the study area are
mainly characterized by mica schist, calc-silicate, and
marble. Radiometric K/Ar studies yielded ages of met-
amorphism of the Fındıcak metamorphic rocks of Yıldı-
zeli Metasedimentary Group between Santonian and
Maastrichtian (Alpaslan et al. 1996).

The magmatic rocks in the vicinity of Kiremitli and
Yücebaba villages are of granitic composition and
change to syenitic composition towards the Yaylagözü
and Yuvalıçayır villages (Fig. 2). Based on the major-
and trace-element studies on the Yıldızeli magmatic
rocks, Alpaslan & Boztuğ (1997) have suggested that
the granitic rocks originated from anatexis of the thick-
ened crust during Anatolide-Pontide collision along the
northward subduction zone of the northern branch of the
Neo-Tethys, whereas syenitic rocks were produced by
partial melting of upper mantle material as a result of
crustal attenuation during the tensional regime, immedia-

Fig. 1. Location map and the simplified geographical setting of plutonic and metamorphic rocks in Central Anatolia (after Alpaslan &
Boztuğ 1997).
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Fig. 2. Simplified geological map of the Yaylagözü and its vicinity (modified from Alpaslan et al. 1996).

tely after crustal thickening. Fresh samples of magmatic
rocks are generally grey to pink in colour and medium-
to coarse-grained with a porphyritic texture. They con-
tain quartz, alkali feldspar and plagioclase with subordi-
nate amounts of biotite and amphibole. Intensive skarn
zones exist at the contacts of magmatic rocks and marb-
les. The characteristic skarn minerals, represented by
garnet, pyroxene, scapolite, and epidote, are widespread
in the endoskarn zone together with fluorite mineraliza-
tion. The Yaylagözü fluorite deposit occurs as different
outcrops north of the Davulalan syenite (Alpaslan &
Boztuğ 1997) and south to southwest of the Yaylagözü
village (see A, B and C fluorite occurrences in Fig. 2).
The studied area hosts an extended fluorite mineraliza-
tion. The fluorite veins in the syenite are as much as 1

meter thick, predominantly extending in NW-SE striking
fractures.

3. Discussion

3.1. Fluid Inclusion Petrography and
Microthermometry

Fluid-inclusion studies were performed on doubly-
polished fluorite samples taken from the mineralization
area. Microthermometric determinations were carried out
using a Nikon Labophot-pol microscope mounted with a
Linkam THMS-600 and TMS-92 freezing-heating
stage at the Department of Geology, Cumhuriyet Univer-
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sity, Sivas. The heating rate during the phase transitions
was controlled manually in the range of 0.1 to 5.0 ˚C
min–1. Repeated measurements indicated that the repro-
ducibility of the temperature determinations was better

Fig. 3. Histograms showing the homogenization temperatures of
primary and secondary inclusions in the Yaylagözü fluorites.

than ± 0.5 ˚C. The majority of the fluid inclusions range
in size from 10 to 50 µm.

All of the investigated fluorite samples contain pri-
mary and secondary fluid inclusions using the definition
of Roedder (1984). Primary fluid inclusions are ob-
served as semi-spherical to spherical in shape, irregularly
dispersed along the fracture planes. Both primary and
secondary fluid inclusion populations are dominated by
three-phases comprising liquid + CO2 and liquid + vapor
(L + LCO2 + V). Secondary fluid inclusions are charac-
terized by spherical to square shapes that generally de-
veloped along two distinct fracture systems and have dif-
ferent morphological and microthermometric properties.
The homogenization temperatures (Th) of 135 fluid in-
clusions were measured in 8 fluorite samples. In primary
fluid inclusions, the homogenization temperatures range
from 161 ˚C to 243 ˚C with a mean of 206 ˚C (Fig. 3).
Microthermometric measurements on two inclusions
gave 238 ˚C and 243 ˚C. These two results may represent
the relict primary inclusions showing that the Yaylagözü
fluorites were formed at temperatures greater than
230 ˚C. On the other hand, homogenization temperatures
in secondary fluid inclusions range from 103 ˚C to 164 ˚C
with a mean of 135 ˚C, and the range in an individual
sample is less than 20 ˚C. Fluid inclusions in fluorite do
not contain major amounts of chlorine- and sulfate-bear-
ing daughter minerals. The Yaylagözü inclusions, in gen-
eral, are dominated by fluids that have low salinities.
These inclusions, therefore, homogenize at moderate
temperatures and their last ice-melting (Tice) values indi-
cate salinities ranging from 3 to 8 equivalent wt % NaCl.

Fig. 4. Homogenization temperature
(Th) versus salinity for primary and se-
condary fluid inclusions in fluorite
from the Yaylagözü area. Fluid inclu-
sion data on other fluorite occurrences
have been given for comparison only.
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Table 1. Trace and rare-earth element contents of massive fluorite (MYF) and fluorite-rich (RYF)samples in the Yaylagözü area.

Sample No. MYF-10 MYF-11 MYF-12 MYF-13 MYF-20 MYF-23 MYF-24 RYF-14 RYF-21 RYF-22 RYF-24

Sc 0.8 0.7 0.6 0.8 0.7 1.2 2.3 0.5 6.2 5.8 2.3
Co 1 2.9 3.3 3.4 1.2 3 3.1 1.6 2.6 2.7 1.9
Cu 13 58 158 90 4 8 15 20 3 14 5
Zn 47 90 76 57 128 209 27 30 177 102 113
As bdl 9 4 13 bdl 3 bdl 2 32 bdl 9
Rb 2.6 7.5 13.5 8.6 1.6 23.9 7.2 11.8 77.3 47.1 595
Sr 299 264 246 308 221 214 235 72 145 262 433
Y 19.5 20.6 29.4 20.9 13.5 25.8 75.4 12.5 153 47.9 50.2
Zr 0.9 2.5 2.4 2.7 1.9 21.5 14.8 10.5 303 92.7 419
Nb bdl bdl 2.5 bdl 0.5 4.8 3.6 1.8 106.5 31.5 23.7
Mo 22 48 17 169 2 3 1 2 4 3 2
Cd 0.3 0.5 0.5 0.3 1.1 2.3 bdl 0.2 2.1 1.9 2
Sb 3.2 4.2 5.1 4 1.9 3.7 3.1 1.7 6.2 5.6 5.6
Cs 0.1 0.4 0.4 0.5 0.1 0.7 0.5 0.7 6.1 0.9 13.2
Ba bdl bdl 243 bdl 29 232 9 16 168 139 745
La 31.3 40.8 92.3 33.6 19.8 139.6 2282 67.2 360 768 90.5
Ce 47.9 64.1 146.3 54.4 30.1 150.2 2518 101.1 535 890 146.1
Pr 4.18 5.32 12.84 4.71 2.8 9.85 154.5 8.06 46.6 55.7 13.3
Nd 12.1 15.3 36.8 14.2 9.4 25.2 290 22.1 144.9 115.8 42.6
Sm 1.4 1.7 3.8 1.5 1.4 3.4 15.2 2 22.1 9.5 7.1
Eu 0.38 0.44 0.77 0.39 0.25 0.67 2.46 0.41 4.54 1.75 1.46
Gd 1.18 1.33 2.24 1.19 0.99 2.05 4.78 0.95 16.87 6.28 5.3
Tb 0.2 0.24 0.34 0.2 0.13 0.36 1.1 0.18 2.53 0.78 0.91
Dy 1.53 1.69 2.62 1.4 0.9 2.37 7.39 1.28 17.63 4.83 6.12
Ho 0.35 0.43 0.61 0.34 0.21 0.52 1.54 0.26 3.88 0.98 1.34
Er 1.25 1.48 2.18 1.26 0.77 1.89 5.09 0.86 13.78 3.59 4.86
Tm 0.17 0.21 0.35 0.18 0.12 0.31 0.71 0.12 2.22 0.59 0.78
Yb 1.09 1.41 2.47 1.21 0.89 2.3 4.54 0.81 16.02 4.65 5.96
Lu 0.18 0.21 0.41 0.19 0.15 0.38 0.65 0.11 2.58 0.77 0.95
Hf bdl bdl bdl bdl bdl 0.7 0.8 bdl 8.7 2.6 8.8
W bdl bdl 3 bdl 3 10 16 bdl 41 5 16
Pb 33 153 128 113 117 277 162 8 256 364 493
Bi 7.7 20.1 15.3 8.6 4.1 6.8 25.6 3.7 4.3 5.7 43.6
Th 1 1.5 1.9 3.3 3.7 4.7 105.3 2.3 127.9 48.6 51
U 27 22.4 22.5 41.9 7.4 9.1 39.3 38.6 38 23.6 14.8
® REE 103.2 134.7 304.0 114.8 67.9 339.1 5288 205.4 1188 1863 327
Tb/La 0.00639 0.00588 0.00368 0.00595 0.00657 0.00258 0.000482 0.00268 0.00703 0.001015 0.01006
Tb/Ca 0.00505 0.00667 0.00749 0.00473 0.00267 0.00823 0.0232 0.01294 0.1023 0.01805 0.1396
La/Yb 28.72 28.94 37.4 27.77 22.25 60.7 503 83.0 22.5 165.2 15.18
La/Sm 22.4 24 24.3 22.4 14.14 41.1 150.1 33.6 16.27 80.9 12.75
Y/Ho 55.7 47.9 48.2 61.5 64.3 49.6 49.0 48.1 39.5 48.9 37.5
La/Ho 89.4 94.9 151.3 98.8 94.3 268 1481 258 92.7 784 67.5
Ce/Yb 43.9 45.5 59.2 45.0 33.8 65.3 555 124.8 33.4 191. 24.5
Yb/Ca 0.0275 0.0392 0.0544 0.0286 0.0183 0.0526 0.0957 0.0582 0.647 0.1076 0.914
Eu/Eu* 0.903 0.894 0.807 0.892 0.649 0.776 0.882 0.909 0.719 0.692 0.727
Ce/Ce* 0.981 1.019 0.996 1.013 0.947 0.949 0.994 1.018 0.969 1.008 0.987

bdl: below detection limit; detection limits (ppm) are: Eu, Gd, Dy, Ho, Er, Tm, Yb (0.05); Pr (0.02); Tb, Lu (0.01); Hf (0.5); Nd (0.4);
Sc, Co, Cu, Rb, Y, Sm, Zr, Nb, Mo, Cd, Sb, Cs, La, W, Pb, Bi, Th, U (0.1); Zn, As, Sr, Ba, Ce (1).

These values are plotted in Fig. 4 and are compared with
the data of southwestern New Mexico fluorites (Hill et
al. 2000), and with the fluorite deposits of Akdagmadeni
(Sasmaz et al. 2005).

3.2. Major, trace, and REE chemistry

In order to determine the geochemical characteristics of
fluorites from the Yaylagözü area, 11 massive fluorite
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Table 2. Correlation matrix for trace element contents of the Yaylagözü fluorites.

Bi Cd Co Cs Cu Mo Pb Rb Total Sb Sc Sr Th U Y Zn Zr
REE

Bi 1.00
Cd –0.40 1.00
Co 0.52 0.07 1.00
Cs 0.30 0.51 0.86 1.00
Cu 0.20 –0.48 0.57 0.17 1.00
Mo –0.14 –0.48 0.37 0.18 0.39 1.00
Pb 0.11 0.86 0.55 0.83 –0.15 –0.23 1.00
Rb –0.04 0.71 0.61 0.85 0.18 –0.09 0.84 1.00
Total REE 0.73 0.57 0.27 0.27 –0.25 –0.28 0.17 –0.07 1.00
Sb 0.34 –0.24 0.71 0.49 0.83 0.30 0.14 0.51 –0.32 1.00
Sc 0.59 0.81 0.26 0.41 –0.42 –0.28 0.34 0.10 0.95 –0.25 1.00
Sr –0.07 –0.80 –0.05 –0.25 0.28 0.74 –0.69 –0.41 –0.27 0.27 –0.32 1.00
Th 0.71 0.80 0.24 0.25 –0.27 –0.26 0.15 –0.10 0.99 –0.23 0.95 –0.26 1.00
U 0.51 –0.74 0.41 0.17 0.28 0.59 –0.36 –0.26 0.49 0.27 0.39 0.66 0.49 1.00
Y 0.77 0.15 0.39 0.38 –0.11 –0.27 0.22 0.06 0.98 –0.08 0.93 –0.26 0.97 0.51 1.00
Zn –0.52 0.99 –0.01 0.34 –0.27 –0.29 0.73 0.65 –0.43 –0.10 –0.22 –0.62 –0.43 –0.83 –0.42 1.00
Zr 0.16 0.92 0.38 0.75 –0.40 –0.35 0.85 0.73 0.48 –0.05 0.68 –0.60 0.46 –0.14 0.52 0.51 1.00

Fig. 5. Plot of the Yaylagözü fluorites on a Sc
versus total REE diagram.

and fluorite-rich samples were taken from the field and
analyzed for major-oxide, trace-, and rare-earth elements
by a commercial laboratory (ACME Analytical Labora-
tories Ltd.) in Canada (Table 1). REE concentrations
were determined by the ICP-MS method, whereas major-
element, trace-element, and F contents were analyzed by
the ICP-ES technique. All the analyzed massive fluorite
samples are characterized by calcium contents ranging
from 36.00 to 48.69 %, and fluorine contents ranging
from 25.72 to 43.26 %. Deviations from the ideal cal-
cium and fluorine contents may be caused by the incor-

poration of other mineral phases, such as quartz and cal-
cite, within the bulk samples. Fluorite-rich samples,
however, have variable calcium and fluorine contents
ranging from 6.52 to 43.22 % and 1.99 to 32.86 %, re-
spectively.

Due to the similarity of size and valence of Ca2+ ion
and calcium those with the trace elements, fluorite has a
tendency to incorporate trace elements in its crystal lat-
tice during crystallization. Fluorite-bearing represent-
ative samples were first crushed and then selected under
the binocular microscope for geochemical analysis. The
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Fig. 6. Plot of the Yaylagözü fluorites
on a Sc/Eu versus Sr diagram.

purity of picked fluorites is estimated to be 95 %. In all
of the analyzed massive fluorite samples, trace elements
were detected at levels ranging from 0.1 to 308 ppm (Ta-
ble 1). In only a small number of massive fluorite sam-
ples, some trace element contents are below the detec-
tion limits (e. g., As, Ba, Hf, Nb, and W). However, vari-
able trace element contents exist for Sc (0.6–5.8 ppm, µ
= l.61), Co (1–3.4 ppm, µ = 2.57), Cu (4–158 ppm, µ =
45), Zn (27–209 ppm, µ = 92), As (3–13 ppm, µ = 7.25),
Rb (1.6–47.1 ppm, µ = 14), Sr (214–308 ppm, µ =
256.1), Y (13.5–75.4 ppm, µ = 31.6), Zr (0.9–92.7 ppm,
µ = 17.4), Nb (0.5–31.5 ppm, µ = 8.6), Mo (1–169 ppm,
µ = 33.1), Cd (0.3–2.3 ppm, µ = 0.98), Sb (1.9–5.6 ppm,
µ = 3.8), Cs (0.1–0.9 ppm, µ = 0.4), Ba (9–243 ppm, µ =
130.4), Hf (0.7–2.6 ppm, µ = 1.4), W (3–16 ppm, µ =
7.4), Pb (33–364 ppm, µ = 168.4), Bi (4.1–25.6 ppm, µ
= 11.7), Th (1–105.3 ppm, µ = 21.3), and U (7.4–41.9
ppm, µ = 24.1) where µ denotes an average content of
each trace element. Pearson’s product moment correla-
tion matrix of trace element contents of massive fluorites
from the Yaylagözü area is given in Table 2. In this table,
an absolute correlation coefficient which is greater than
0.70 is displayed in bold character. Hill et al. (2000)
compared some trace element contents of fluorite occur-
rences from southwestern New Mexico in different bi-
nary diagrams. A plot of the Yaylagözü massive fluorites
in Sc versus Σ REE reveals that most of the samples lie
in the region of granitoid-hosted fluorite occurrences
from the Akdagmadeni area, Yozgat, Central Turkey
(Fig. 5). A similar trend also is observed in the Sc/Eu

versus Sr diagram (Fig. 6). The studied massive fluorites,
in terms of strontium contents, overlap considerably
within the fields of fluorites from Büyükçal Tepe and
Akçakışla, which are found in the Akdagmadeni area,
Central Turkey. In this respect, the Yaylagözü fluorites
display a chemical similarity with those of the Büyükçal
Tepe and Akçakışla fluorite occurrences.

A ratio of LaN/YbN can be used to understand the en-
richment trends in terms of light and heavy REE con-
tents in fluorite. The Yaylagözü massive fluorites, in gen-
eral, were more enriched from the point of view of the
light REE than the heavy REE, with LaN/YbN ratios be-
tween 19.4 and 340 with an average of 68. This spectrum
also is distinguished on the basis of chondrite-norma-
lized REE patterns (Fig.7a, b). Some of the studied mas-
sive fluorites have slightly negative Eu anomalies (Eu/
Eu* < 1; Eu/Eu* = EuN / √SmN *GdN) with a range of
0.65 to 0.90 and having an average of 0.83 (Table 1).
These slightly negative Eu anomalies indicate the pres-
ence of Eu2+ and suggest low oxygen fugacities during
fluorite deposition from the solution. Ce anomalies (Ce/
Ce* = CeN / √LaN *PrN), on the other hand, display two
distinct characteristics (Table 1). Three massive fluorite
samples have positive Ce anomalies (Ce/Ce* > 1) while
four of the remaining samples have very slight negative
Ce anomalies (Ce/Ce* < 1). Constantopoulos (1988)
has attributed a similar observation to high oxygen fu-
gacities in the source of the hydrothermal fluids and the
resultant oxidation of Ce3+ and immobilization of Ce4+ .
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Fig. 7 a, b. Chondrite-normalized REE pattern for the Yaylagözü
fluorites.

Gagnon et al. (2003) studied the compositional heter-
ogeneity in fluorite and the genesis of fluorite deposits
from Gallinas Mountains (New Mexico), Rock Canyon
Creek (British Columbia), South Platte (Colorado) and
St. Lawrence (Newfoundland) by LA-ICP-MS analysis.
Fluorites from the Gallinas Mountains deposits, which
are associated with alkaline magmatism, are character-
ized by relatively flat to LREE-enriched chondrite-nor-
malized REE patterns showing a lack of Eu anomalies
and have slight negative Ce and slight positive Y anom-
alies. The Yaylagözü massive fluorites and fluorite rich
occurrences, which are associated with syenites, display
similar chondrite-normalized REE patterns compared to

the Gallinas Mountains fluorites except for marked posi-
tive Y anomalies (Fig.7a, b).

Since terbium and lanthanum are strongly fractionated
by fluorite, their variations, such as in Tb/La and Tb/Ca,
have been used extensively to establish the environment
of formation and degree of fractionation of fluorite
(Möller et al. 1976). Early-formed fluorite is enriched
in La, and thus depleted in Tb contents. The low Tb/La
(0.00048 to 0.00657) and relatively high Tb/Ca (0.00267
to 0.02319) ratios of massive fluorites from the Yay-
lagözü area suggest that they precipitated from fraction-
ated ore-bearing fluids at an early stage of deposition.
The REE data of fluorite plot into the mainly “pegmati-
tic” or “high-hydrothermal” and to a lesser extent into
the hydrothermal fields of the Tb/Ca vs. Tb/La diagram
(Fig. 8) after Möller et al. (1976). The relative positions
of fluorite-rich samples on the Tb/Ca vs. Tb/La diagram
are consistent with the primary crystallization environ-
ment. However, on the same diagram, it is likely that the
positions of some massive fluorite samples towards the
“hydrothermal” field may display a remobilization trend
or may be referred to as the relative strength of fluoro-
complexes. Fluorite samples inclined towards the
“hydrothermal” field also show decreasing total REE
contents and are characterized by relatively light colors.
Dill et al. (1986) observed a similar trend at the Issigau
fluorite occurrence and attributed this REE trend to in-
tensive reaction between hydrothermal solutions and the
Ca-enriched wall rocks that are composed of basic tuffs
prior to fluorite deposition. A similar hypothesis may be
applicable to the light-colored Yaylagözü fluorites
(Fig. 8) during the circulation of hydrothermal solutions
between syenite and the surrounding marble (see Fig.2).

In general, fluorite samples in the “pegmatitic” field
are characterized by high total REE contents. Thus, fluo-
rite from Yaylagözü area seems to be linked by the low
salinity fluids. The slight negative Eu anomalies in all
studied massive and fluorite-rich samples point to mod-
erate to slightly high temperatures of the fluid prevailing
during fluorite deposition. This type of environment, in
terms of temperature, is highlighted by the primary fluid-
inclusion studies at Yaylagözü fluorites, in which homo-
genization temperatures range from 161˚C to 243 ˚C with
a mean of 206 ˚C.

Geochemical studies on the southwestern New Mex-
ico fluorite occurrences revealed that fluorite samples as-
sociated with low-salinity precious metals mineralization
have (Tb/Yb)n ratios between 3.1 and 3.5 and moderate
to large (La/Yb)n values (Hill et al. 2000). On the other
hand, fluorite data from Au-Ag veins hosted by Tertiary
intermediate volcanic and volcanoclastic rocks in the
Chloride district show high (Tb/Yb)n and moderate to
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Fig. 8. Plot of the Yaylagözü fluorites on a Tb/Ca versus Tb/La va-
riation diagram (after Möller et al. 1976). Trends are taken from
O’Connor et al. (1993).

very large (La/Yb)n values (Eppinger 1988). Comparing
fluorites from New Mexico and the Chloride district,
massive fluorites from the Yaylagözü area display rela-
tively low (Tb/Yb)n ratios with a very large spread of
(La/Yb)n values (Fig. 9). The chemical composition of
Yaylagözü fluorite, in terms of (Tb/Yb)n and (La/Yb)n

ratios, resembles Akdagmadeni fluorite (Sasmaz et al.
2005) except for variable (La/Yb)n values. Early-crystal-
lized fluorite, in general, has higher light REE concentra-
tions than heavy ones, resulting in high (La/Yb)n and
(Tb/Yb)n ratios (Möller et al. 1976). Fluorites from the

Yaylagözü are characterized by high (La/Yb)n and low
(Tb/Yb)n ratios suggesting they became stabilized at rel-
atively low (Tb/Yb)n values. During the fluorite deposi-
tion, the mineralizing fluid at Yaylagözü thus became en-
riched in La compared to Tb and preferentially substi-
tuted for Ca (see Fig.7–8).

Eu versus Ce anomalies (Eu/Eu* vs. Ce/Ce*) of the
Yaylagözü fluorites show a transition from the New
Mexico Capitan Mountains (Th, REE) to Lords-
burg/Steeple Rock (Cu, Ag, Au) fluorites (Fig. 10). The
studied fluorite, shows a similar trend those with the Ak-
dagmadeni fluorite deposits (Sasmaz et al. 2005), which
are located south west of the Yaylagözü area (Fig. 10).
Hill et al. (2000) pointed out that the positive and nega-
tive Eu anomalies of fluorite samples may or may not be
indicative of precious metal mineralization. The studied
fluorites with Ce anomalies around 1 and small negative
Eu anomalies are not associated with considerable
amounts of precious metal mineralization.

4. Summary and Conclusions

Syenite-hosted fluorite veins, as well as fluorite occur-
rences in skarn zones, with small amounts of base-metal
sulfides are found within the Yaylagözü area (Yıldızeli-
Sivas) in Central Anatolia Massif. Some of the fluorite
veins were exploited in the past and have been the sub-
ject of superficial geologic and petrographic investiga-
tions. The fluorite mineralization occurs in three prin-
cipal ore zones defined as A, B, and C, respectively (see
Fig. 2). However numerous minor fluorite occurrences
also exist in the study area. The largest ore body is found

Fig. 9. (Tb/Yb)n versus (La/Yb)n ratio for the
Yaylagözü fluorites. Chemical compositions
of other fluorites are given for comparison
only.
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Fig. 10. Comparison of the Yaylagözü fluorites on (Ce/Ce*) ratio
versus (Eu/Eu*) ratio diagram with the fluorites from New Mex-
ico (USA) and Akdagmadeni (Turkey).

Fig.11. Variation of total REE contents of dark to light fluorites.

in zone A, which extends up to 50 meters in N-S and 30
meters in E-W directions, with thickness up to 1 meter.

In hand specimens, the colour of studied fluorites
ranges from very light violet to nearly black. Colour var-
iation of fluorite may be correlated with its trace element
contents. Schneider et al. (1975) have attempted to cor-
relate the various colours of fluorite to its trace- and rare-
earth element contents. The total REE contents of the
different coloured Yaylagözü fluorites display a negative

enrichment trend from nearly black to very light violet
(Fig. 11). However, no clear relationship has been ob-
served regarding the colour type and its specific trace
element contents among at the studied samples. Palmer
& Williams-Jones (1996) reported that the yellow and
colourless fluorit es have higher Yb/La ratios than the
blue and violet ones. A similar decreasing trend in terms
of Yb/La ratio has also been observed from black to very
light violet massive fluorites in the Yaylagözü area.

Fluorites were precipitated from moderate saline solu-
tions (3 to 8 equivalent wt% NaCl) at low and moderate
to slightly high temperatures (Th = 161˚C to ˚C 243) and
under reducing conditions, as indicated by paragenetic
sulfides and slightly negative Eu anomalies. The total
REE contents are variable, ranging from 68 ppm to 5288
ppm, and the highest concentration is found in dark mas-
sive fluorite. Elemental discrimination diagrams were
used in a variety of studies to construe fluorite composi-
tions and draw a conclusion on the depositional environ-
ments (Schneider et al. 1975, Möller et al. 1976, Ep-
pinger & Closs 1990, Hill et al. 2000). Most of the
fluorite from Yaylagözü plots within the pegmatitic field
on the Tb/Ca ratio versus Tb/La diagram after Möller et
al. (1976) or high-hydrothermal field after Dill et al.
(1986). The change in Tb/Ca versus Tb/La values de-
fined by massive fluorites shows a progressive composi-
tional evolution from relatively high Tb/La and low Tb/
Ca to relatively low Tb/La and high Tb/Ca (see Fig. 8).
The evolutionary trend in massive fluorites is nearly
orthogonal to the primary crystallization trend proposed
by Möller et al. (1976). Fluorite-rich samples, on the
other hand, plot completely in the pegmatitic field and
define a compositional trend that approximately parallels
the primary crystallization trend of Möller et al. (1976).

The Tb/La ratio suggests that fluorite-rich samples
were deposited at an early stage of crystallization with a
typical primary crystallization trend. The light-coloured
fluorite was possibly formed under relatively low tem-
perature conditions (see fluorite sample labeled as
MFY-20 in Fig. 8 and Fig. 11). The evidence that sup-
ports this idea also is revealed by a remobilization trend
on Tb/Ca versus Tb/La diagram (Fig. 8). The patterns of
massive fluorite from the Yaylagözü area all exhibit neg-
ative Eu anomalies. On the basis of this study, the REE
patterns of fluorite can be interpreted in terms of typical
primary magmatic precipitates due to their moderate to
somewhat high light REE contents. The narrow range of
Ce anomalyies of fluorite may point out that the Yay-
lagözü massive fluorites formed from the relatively low
oxidizing fluids. The slightly negative Eu anomalies may
be due to the evolution of mineralizing fluids with grad-
ual drops in fO2. Such a condition may be achieved by
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cooling and equilibration of the hydrothermal fluids
within the host alkaline magmatic rocks, especially in
syenitic composition and wall rocks. Rare earth element
ratio diagrams and patterns of fluorite from the Yay-
lagözü area show compositional trends that may be in-
dicative of progressive mixing of hydrothermal fluids as
well as interaction of hydrothermal fluids with skarn
zones.

On the basis of geological and geochemical data from
the Yaylagözü fluorites, it is possible to conclude that the
Yaylagözü fluorite deposits were deposited from F-bear-
ing hydrothermal fluids circulating within the syenitic
intrusive bodies and their skarn zones at the contacts of
metamorphic rocks. Our present knowledge indicates
that F-rich calc-alkaline to alkaline magmatic rocks in
Central Anatolia Massif were probably responsible for
the numerous fluorite deposits in the study area, as well
as other deposits at the surrounding areas including Ak-
dagmadeni (Sasmaz et al. 2005) and Kaman (Koç et al.
2003).
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