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Introduction

Fluorite deposits in Iran are widely located in dolomites and dolomitic
limestones (Triassic-Cretaceous age) (Darvishzadeh, 1991) in Alborz and
the Central Iran zone (Rajabi et al., 2013). Qishlagi (2002) investigated the
geochemistry and genesis of the Pinavand fluorite mines. Shafahizadeh
(2011) investigated the mineralogy and fluids involved in fluorite and
barite mineralization in the Pinavand region. Heidari et al. (2021)
investigated the paragenetic relationships of minerals in the alteration zone
of the Pinavand deposit. In the present paper, the semi-precious gem
fluorine in the limestones of the Pinavand deposit is investigated from the
point of view of geochemistry and gemology. Also, the connection of the
host rock with the minerals of this area and the reaction of the ore-forming
fluid with them will be determined.

Materials and Methods

Following field studies, several thin sections (about 25) and polished
sections were prepared for petrographic studies. The fluorine mineral of the
studied deposit was subjected to SEM analysis (at the Isfahan University of
Technology) and gemological investigations (at Isfahan University). Also,
the results of geochemical analyses of fluorites (ICP-MS) (Shafahizadeh,
2011) were applied.

Results and Discussion

in the Lower Cretaceous limestone and dolomitic

Mineralization of fluorite and barite occurred in host rocks. Major alterations observed in the region
scattered, massive, veined, breccia and lens-shaped including silicification and to a lesser extent
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dolomitization. The main minerals are quartz,
calcite, dolomite, fluorite, and barite scattered in
the limestone. The fluorite decomposed into
carbonate along fractures, which indicates the
continuous influx of hydrothermal solutions. A
final silicification process has occurred following
fluorine formation. It seems that the Mississippi
Valley deposit type is one of the proposed models
for the formation of Pinavand mineral region.
Dolomitization and silicification processes are the
characteristics of the Mississippi Valley-type
deposits (Pirajno, 2009). However, in the
Mississippi Valley-type deposits, unlike epithermal
mineralization, dolomitization process occurs with
a weak silicification. The mineralogy in Pinavand
deposit includes pyrite, chalcopyrite, chalcocite,
galena, goethite, fluorite, barite, quartz, calcite and
dolomite. No proximity with evaporite rocks is
observed. A low extent of dolomitization with a
larger scale of silicification can be an indication of
epithermal type alterations. As optical and
gemological characteristics display the fluorine
crystals with glassy and transparent feature and
specific weight of 3.18 vary from colorless to green
to pale blue in color. They are without any
birefringence and their refractive index is 1.43. The
presence of rare elements such as Sc, Sr and Zr can
affect the color of this mineral. Yellow and
transparent fluorites have a higher Yb/La ratio than
blue and purple fluorites (Palmer and Williams-
Jones, 1996). It seems that various of color in
fluorite crystals are related to the amount of Y and
>REE (e.g., Dill et al., 2011). The concentration of
REE in the Pinavand fluorites is generally low, and
LREEs are more enriched than heavy earth
elements (HREE). The low REE in fluorites can be
attributed to the high fluid-to-rock ratio (Sanchez
et al., 2010). The low level of rare earth elements
can be attributed to the high pH of the fluids and
the reaction of the fluids with the carbonate host
rock as well as the high ratio of fluid/rock. On the
other hand, the low values of rare earth elements
can indicate the mixing of magmatic fluids and
atmospheric waters (Valenza et al., 2000).
According to Moller et al. (1986) the fluorites
formed in the early or middle stages of
crystallization are enriched with LREE, the amount
of La element is high and the amount of Tb is low,
but the fluorites related to the final stage of
crystallization are enriched with HREE. So, the
Pinavand fluorites created in the early stages of
crystallization. The examined fluorites have a small

positive anomaly in europium, indicating the
substitution of Eu?* for Ca?* and the deposit
formation temperature is less than 250°C (Schwin
and Markl, 2005). The negative anomaly of cerium
points to its removal from the environment as a
consequence of fluid reaction with calcareous wall
rock giving rise to increment to oxygen fugacity.
Fluorites are divided into three sedimentary,
hydrothermal and pegmatitic  environments
(Constantopoulos, 1988). The studied fluorites are
classified as sedimentary type with some features
of primary crystallization and fluid's reaction with
calcareous host rocks.

Conclusions

Pinavand deposit is a fluorite-barite deposit
consisting both of the non-metallic and metallic
minerals. The latter minerals were formed under
the influence of hydrothermal alteration. The
negative anomaly of cerium in the fluorites
suggests that it has been removed from the
environment as a result of the fluid's reaction with
the limestone wall rock, which in turn increased the
oxygen fugacity. This process highlights the
significant role of fluid-rock interactions in the
removal and redistribution of certain elements
within the depositional environment.
Mineralization of the fluorite and barite formed as
veins, veinlets, lenticular and breccia shapes have
occurred mainly in the Lower Cretaceous limestone
units. The main minerals of this deposit include
quartz, calcite, saddle dolomite, fluorite and barite,
scattered in the limestone background. The major
changes in the region include silicification and, to a
lesser extent, dolomitization processes. Fluorite
can observe as coarse-grained or fine-grained in
size, and its gemological characteristics are as
follows: transparent to semi-transparent crystals,
pale blue colors, green and violet, hardness 4,
specific gravity 3.18, vitreous luster, without
birefringence and having a refractive index of 1.43.
Based on the geochemical studies, the
concentration of LREE in the Pinavand deposit
indicates the formation of fluorites in the early to
middle stages of crystallization. The Mineralogy in
the Pinavand deposit is simple like in the
Mississippi Valley deposit. Based on the type of
minerals as well as alteration type, the Pinavand
mineralization shows some characteristics of MVT
deposits, and due to the huge of silicification
process, it also shows similarity to the alteration of
epithermal deposits.
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Figure 4. A) Silica veins crosscutting the entire system (late silica); B) Fluorite occurrence following the

pervasive silicification; C) Cavity silica along with azurite-Vuggy silica; D) Paragenesis of fluorite and barite
(gray fluorine formed after barite); E) Vein of purple fluorine in calcareous host rock (Lower Cretaceous); F)

Presence of sulphides and oxides of iron and copper in association with fluorine.
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Figure 5. A) Degradation of the large calcite crystal and its remaining as an island inside quartz in the
microscopic sections of the samples from Pinavand region (in XPL); B) Coarse-grained calcites with interstitial

texture (in PPL); C) Inclusions of dolomite within quartz (A large crystal of crushed dolomite, which are placed
inside the quartz while maintaining the original shape) (in XPL) (Mineral abbreviations are from Whitney and

Evans, 2010).
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Figure 6. A) Secondary fluids inclusion in the fluorite crystals; B) The vacancies among the crystals are filled by
fluid inclusions (The vacancies shape follows the crystals shape) (in PPL); C) Dusty quartz with shape of eroded
fragments inside the delayed fluorite (Occurrence of fluorite after quartz, and their unstable boundaries with
quartz); D) Dissolution of quartz by fluorinated fluids and formation of the corroded edges of quartz in contact
with fluorite in the form of corrosion gulf; E) The breakdown of fluorites into calcite and the presence of calcite
along the faces and fractures of fluorite; F) Dusty particles resulting from carbonates inside hydrothermal quartz;
G) Zoning resulting from the presence of carbonate inclusions inside quartz; H) Interstitial porosity between
elongated quartz crystals (in XPL).
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Figure 6. Continued.
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Figure 7. A) Relict of barite crystals in the fluorites; B) Association of barite with quartz (overgrowth
emplacement of barite on the dusty quartz and its covering by fluorite; C) Gradual border of crushed quartz with
barite and disseminated quartz inside barite; D) Instability of fluorite and barite and substitution of fluorite by

barite (pseudomorph). Barites preserved their elongation and the initial form; E, F) Unstable borders of barite
crystals with the fluorites, and envelopment of barites by fluorites (submergence of barites in fluorite).
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Figure 8. A) Coarse-grained quartzes with undulatory extinction and filamentary state; B) The boundary of fine-
grained and coarse-grained silicas and the placement of old and fine quartzes within new and coarse quartz
crystals (chalcedony) (poikilitic texture); C) Feather-like quartz with fluorites; D) Feather-like quartz crystals that
have inherited elongation of barites; E) Development of delayed quartzes with zoning (silicification event after
calcitization); F) Euhedral quartzes and coarse-grained calcites with interstitial texture (in XPL); G)
mineralization between pores of the quartzes (interstitial); H) Galena with triangular fractures (galena scattered in
fluorites of Pinavand area).
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amgl sloac il go 5 5l i Laals slac il
L il adISBLS oLl sl bl it s
40 oddodss slac 8l gaadhie g co Skl
b el aslaie (o ) 050 slpd Sgoel
L el aibata o el b il
Sl sla SLS 0l (b (295w See Slaom 2
03,91V Jgo= ,0 a S aleaw] g ad> e Ly 0

slods

JwslS o oo ablds vy pana g Ly

(odas lie (FouS L) IS slaals sl
(00id 3 g Lo St Bl L) ey o o(H-A JSi)
5 S SIS (S DSBLS bl L) ey SIS
L a4yl 5l G5 ad> e 3 o oams s cdgsS

59 A_:‘OM] RS u.llj 9 u_:).uﬂls su_:).u ‘Q)M
25 Sy 9 CowsSIS a5l (5l SIS A e
Dloaw] RWRY) u_v)j)i 9 &_A-aSYLO a‘;é)‘j_b 3_1.9).0

gl LS sla S5 (Seaslly Lalg) Y Jgoer
Table 1. The paragenetic relationship of Pinavand mineral deposit.

[: Primary VI:
tallizati IV: V: .
recrystallization L ‘ T . P Surfacial
Minerals (before o Mineralization Mineralization oxidation
mineralization) Silicification Late carbonization .
First stage Second stage
Calcite
quartz
Fluorite
Barite
Malachite-
Azurite

Dolomite
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Table 2. The comparison of Pinavand deposit characteristics with MVT deposits.

Characteristic MVT Pinavand Mine
Host rock Limestone and dolomite limestone
Minerals Galena, Pyrite, Sphalerite, Marcasite,  Fluorite, Barite, Quartz, Calcite, Dolomite, Chalcopyrite,

Calcite, Dolomite, Fluorite, Barite

Temperat_ure of 100-200 C
formation

Salinity of hydrothermal 15-30 % NaCl

Pyrite, Chalcocite, Bornite, Galena, Goethite

75-189 C

0.3-18.6 % NaCl

fluids
Texture Vein and open space filling, replacement Vein and open space filling
Alteration Dolomitization, Silicification Extensive silicification, less extended dolomitization
Evaporative deposits exist Not exist
-‘““_
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Figure 9. Schematic model of mineralization in Pinavand deposit (not to scale).
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Table 3. ICP_MS data for the fluorite samples in the
Pinavand area.

Sample No. P10 P11 P12 P13 P14 P15

La 022 025 018 034 0.2 0.23
Ce 046 045 031 051 032 03

Pr 0.07 0.07 0.05 0.09 0.06 0.05
Nd 035 037 028 036 027 0.29
Sm 0.13 013 01 0.12 011 o011
Eu 0.05 0.06 0.04 0.05 0.05 0.05
Gd 0.15 0.2 0.13 016 0.16 0.17
Tb 0.02 0.03 0.02 0.02 0.02 0.02
Dy 012 015 011 01 011 0.12
Ho 0.02 0.03 0.02 0.02 0.02 0.02
Er 0.05 0.05 0.04 0.04 0.04 0.04
Tm 0.01 0.02 0.01 0.01 0.01 0.02
Yb 0.02 0.02 0.02 0.02 0.02 0.02
Lu 0.01 0.01 0.01 0.01 0.01 0.01
La/Sm 1.7 1.9 1.8 2.8 1.8 2.09
Yb/La 0.09 0.08 0.11 0.06 0.10 0.09
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Table 4. Zr, Sr, Sc content of fluorites in Pinavand
deposit.

Samples: Zr Sr Sc
P10 1 40 0.1
P11 1 78 0.1
P12 1 47 0.2
P13 1 29 0.2

o0 s Lmools AL 5 el V/FY Lgil e S
oo jloaiol o518 SEM oS4 o

Schneider et al., )os)l S Y ol5—e

1975; Dill and Weber, 2010; Dill et al.,
Zr 4Sr SC asle osloeS sl ,aic 54>4 (2011

Sl syl ol JaS, 50 G5 ul S 0
Palmer and Williams-) yg>al_bg g sl
Slad g0, S5, Ly slacc,,sls (Jones, 1996
5 =l slaco b 4 cous i Yh/La e
2 S olaeS Glepaie (S e i)l s
Sl Sl S yld sloasses o Laca,ld S,
LSLEM_J)}LB s_i_J) &9_.\.) ] 0D 00)5] ¥ Jsd.? )é
OhHlESKes 5 605 glo v AL o cnl GLS
> HREE §Sr o), «(Ghaedi et al., 2023)
PRIPJSRNES. SERNNNESJ{ EOVING SR VY. EEy- BT FUNEgY L

Sl eSS i sl ald

:\_sl) — sl 00l REERY] @L‘a; o_:l_w;o i
(Elzinga et al., 2002) 553 slo o)y
sloald o CleS S slo,aie LS, ow)y
Lyl s 5,08 sored),l oledbl ( ole S Slu,5s
Lo (ool sloaild o oS lo (alooriisSud
oS Sl sl ,aic cwl 088 o 2o o
S g G eld Cdean (il g oo 03290
Sl 53 S il Sllas QLS (S
(Constantopoulos, 1988) wiy & o oy ,5lé
Gl oSl 8L, nelcy Sledbl dacay, ol
S oo ol 8 Jl L8 ol bS5
Kreamen et al., 2019; Sasmaz et al., )



Wy Ol &en g sl oley 8 (655 0 o) Aagg) gty HuudlS ST (lacKius ;0 Cuygld (wlid 255 5 (gardine; o ulid SIS

711

632

553

474

395

316
237
158

79| Ca

0 e e

0.0 13 26 39 5.2 6.5 7.8 91 104 117 13.0

Lsec: 7.0 3 Cnts 2.400 keV Det: Element-C2B Det

405
360
315
270
225
180
135

90 [e]

45 Ca

0 “ " " . i v i il ik

0.0 13 26 39 5.2 6.5 7.8 9.1 104 117 13.0

Lsec: 4.3 6 Cnts 2.400 keV Det: Element-C2B Det
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Figure 10. A, B) The SEM analysis results of two subhedral fluorites crystals (with two clearly visible cleavage).
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Color: Pale blue-green
Hardness: 4

Specific gravity: 3.18
Transparency: TP
Luster: Vitreous

Optical character: SR (No birefringence)

Refraction index: 1.43

Comments: Natural cub cluster crystals of Fluorite in association with calcite

and barite crystals,

Origin: Pinavand Barite deposits, North of Isfahan-Iran
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Figure 11. Gemological characteristics and certificate of fluorites crystal in the Pinavand mining area.
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