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The Koushk Zn-Pb deposit in Central Iran is considered the largest
mineral potential for variscite mineralization. Macroscopic and
microscopic observations indicated minor variscite mineralization
occurring in veinlet-vein form and as disseminations, associated with
massive and layered ore zones, as well as extensive mineralization
related to zinc- and lead-barren marginal shales, dioritic sills, and late
carbonate + quartz veinlets. Textural features and chemical
characteristics indicated that variscite formed through multi-stage
phosphatization of Al-rich shales with minor silica. XRD data reveal
variscite and strengite as the dominant phases. Other phosphates such as
phosphosiderite, metavariscite, and crandallite were also identified,
occurring as intergrowth mixtures with variscite. Color variations in the
Koushk variscites are attributed to intergrowth with other phosphates,
sulfates, or silicates; electronic transitions; crystal field transitions of
chromophore elements; structural defects; and the arrangement of water
molecules within the variscite structure. The highest intensity Raman
peak observed in the spiderweb variscites occurs at approximately 1033
cm™', whereas in the simple green variscites and soapy variscites (pale
green-blue to white), the strongest peak appears at around 1022 cm™.
Three additional peaks with lower intensities are also present, all
corresponding to the symmetric stretching vibrations of the phosphate
(PO.4) group in minerals of the variscite—-metavariscite group. The
REE+Y patterns, LREE enrichment, and negative Ce anomaly indicate
low-temperature hydrothermal fluids with a composition approaching
seawater. Microthermometric studies of fluid inclusions reveal that fluid
mixing and temperature decrease played a significant role in variscite
mineralization, with formation temperatures ranging from 110 to
340 °C.
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EXTENDED ABSTRACT

Introduction

The Kushk zinc-lead deposit is the most important
variscite mineral mass in Central Iran. Variscite a
relatively common mineral that forms as a result of
phosphate-bearing surface solutions reacting with
aluminum-rich rocks (Calas et al., 2005). First
described in 1837 from a source close to Variscia, the
former name of the Vogtland region in northeastern
Germany, its chemical formula was determined in
1896 (Willing et al., 2008). Variscite was used in
Neolithic jewelry and is found in many
archaeological sites (e.g., Ervedosa, Portugal;
Pannecé, France; and Sardinia, Italy; see Calas et al.,
2005; Querré et al., 2019; Willing et al., 2008).
Variscite is a member of the hydrous aluminum
phosphate group, Al(PO.)-2H20, while strengite is
part of the iron phosphate group, Fe3+(PO,)-2H20.
Both are orthorhombic phosphate members of the
variscite  mineral group, while mansfieldite,
scorodite, and yanomamite are the arsenate
isostructural members of this group. The general
chemical formula of variscite group minerals is
A(X0y)-2H,0, where A = Al, Fe**, Inand X = P, As.

Regional Geology

The Koushk Zn-Pb deposit is situated within the
upper part of the Lower  Cambrian
volcano-sedimentary sequences, in the central part of
the Zarigan—Chahmir Basin in Central Iran (Fig. 1).
Two major stratigraphic sequences have been
recognized in the area (Fig. 2): (1) a mineralized
sequence comprising the Upper interval of the Lower
Cambrian volcano-sedimentary sequences at the
base, and (2) an overlying volcano-sedimentary
sequence that includes Lower Paleozoic shales,
argillaceous limestone, dolomitic units which are
hosting Fe-mineralization, as well as the rhyolitic
and tuffaceous rocks (Gibbs, 1976). Rhyolitic and
dacitic domes are present in the southeastern part of
the deposit, adjacent to the mineralized sequence, as
well as to the north and northwest of the deposit.

Materials and Methods

In this study, 35 variscite samples were collected
from ore-bearing rocks across different geological
sections. Petrographic  and mineralogical
investigations were carried out on 23 thin and
polished-thin  sections using transmitted and

reflected light microscopy at Shahid Beheshti
University, Iran. In addition, 7 samples representing
different generations of variscite were analyzed by
using scanning electron microscopy (SEM) at Aria
Electron Optics Company, Iran. To complement the
mineralogical data, one variscite sample was
analyzed via XRD at Kansaran Binalud Company,
and three variscite samples of varying colors were
examined using Raman spectroscopy at Shahid
Beheshti University. For geochemical studies, a
deep-green variscite sample was analyzed at 10
points using a CAMECA SXFive X-ray Probe
Microanalysis (XPMA) (France) at Kansaran
Binaloud Company, Iran. Furthermore, 6 samples
were analyzed by ICP-MS using a PerkinElmer
NexION 300 instrument at Zarazma Laboratory,
Iran. 10 samples were analyzed by XRF at Tarbiat
Modares  University of Iran.  Petrographic
examination and microthermometric studies of fluid
inclusions were performed on 2 quartz and calcite
samples associated with variscite mineralization in
the marginal zone, using a Linkam THMCG 600
heating—freezing stage at the Microthermometry
Laboratory of Tarbiat Modares University, Iran.

Results

Macroscopic and microscopic observations indicate
that variscite mineralization occurring as veins,
veinlets, and disseminated form associated with the
massive and stratiform sulfide ore zone, as well as
extensive mineralization related to the marginal zone
and microdioritic sills. These variscites occur
intergrown with strengite and minor amounts of
other minerals belonging to the variscite and
metavariscite groups. The color variations in these
variscites are attributed to intergrowths with other
phosphates, sulfates, or silicates, electronic
transitions, crystal field transitions in chromophore
elements, structural defects, and the arrangement of
water molecules within the variscite structure. These
factors may lead to significant fluctuations in both
the green hues and the apparently low Cr*" content.
In the variscites from the Koushk Zn-Pb deposit, the
Cr** content is low compared to that of similar
worldwide variscites. However, our samples
containing higher amounts of Cr** exhibit a more
intense and deeper green color. The highest Raman
spectral peak intensity show that spiderweb
variscites occurs at approximately 1033 cm™,
whereas in the simple green variscites and the soapy
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variscites (pale greenish-blue to white), the most
intense peak occurs at around 1022 cm™'. In addition,
three lower-intensity peaks are present, all of which
are attributed to the symmetric stretching vibrations
of the phosphate (PO4) group in minerals of the
variscite and meta-variscite groups. The Raman
spectra of variscite from the Koushk Zn—Pb deposit
and Tajikistan show a remarkable overlap. The
ZREE values in the variscite ore are negligible. The
REE+Y pattern, characterized by LREE enrichment
and a negative Ce anomaly which is similar to that of

seawater. Such evidence may indicate the
involvement of low-temperature hydrothermal
fluids, which is further supported by micro-

thermometric studies of fluid inclusions, confirming
the corresponding temperature range.

Discussion

In the Koushk deposit, aluminum was derived from
the weathering of the host rock, whereas phosphate
originated from the leaching of ancient sedimentary
phosphorites or phosphorites contemporaneous with
the carbonate rocks of the Soltanieh Formation,
Ediacaran deposits, or evaporitic and phosphatic
crustal units in Central Iran by magmatic and
hydrothermal fluids related to the intrusion of
granitoid bodies (Hosseini and Rajabzadeh, 2022).
The interaction of aluminum-rich and phosphate-
bearing hydrothermal fluids resulted in variscite
mineralization. In the Koushk Zn-Pb deposit,
variscite commonly displays a wide range of green
hues, including bluish green, olive green, moss
green, and pale bluish white. These color variations
are not dependent on depth. The color variation in
variscite is, in part, attributed to intergrowth with
phosphates, silicates, sulfates, and oxides. SEM-
BSE, EDS, and XRD studies confirm this
interpretation. On the other hand, color variations in

minerals are associated with various mechanisms,
such as electronic transitions (Nassau, 1978), crystal
field transitions in chromophores (Burns, 1993) such
as Cr, Mn, Fe, Co, Ni, Cu, and V, charge transfer
between elements (Mattson and Rossman, 1987; Bill
and Calas, 1978), as well as color centers caused by
structural defects in the crystal lattice and variations
in the concentration of Cr* and V# (Krambrock et
al., 2007). Therefore, the green color of variscite is
related not only to the presence of combined
structural impurities but also to crystal defects and
the arrangement of water molecules within the
variscite structure, which has led to the formation of
different variscite polymorphs. Furthermore, color
variations are attributed to metasomatic replacement
processes and the development of zoning within the
primary microcrystalline and porous minerals,
driven by successive pulses of late-stage fluids
(Diaz-Acha et al., 2022). Consequently, the color
changes gradually along the veins and nodules. Some
variscite samples from Koushk area exhibit a
progressive  color transition from a gray
phosphosiderite core to a pale green unit (consisting
of  phosphosiderite-dominated  mixtures  with
variscite) and, ultimately, to dark green margins
dominated by variscite. The diversity in microscopic
textures and ore geochemistry points to multistage
mineralization and reflects dissolution—
reprecipitation processes controlled by the prevailing
physicochemical conditions during formation.
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Fig. 1. Regional geological map of Fe-P-Mn deposits of Bafq Mining district (BMD) (modified after Huckreide et al.,
1962; NISCO, 1980)
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Fig. 2. Geological map of the Koushk Zn-Pb deposit and the SW-NE cross section of the deposit (Rajabi et al., 2012)
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Fig. 3. Variscite mineralization associated with: A to C: stratiform ore, D and E: massive ore; F to H: the marginal zone,
I to L: microdioritic sills, and M to O: late carbonate + quartz veins, in the Koushk Zn-Pb Deposit. Abbreviations after

Whitney and Evans (2010) (Cal: calcite, Gn: galena, Gps: Gypsum, Lim: limonite, Lin: linarite, Py: pyrite, Sp: sphalerite,
Var: Simple variscite).
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Fig. 4. A to F: Vein-type and disseminated mineralization of simple green variscite, and G to L: spiderweb green variscite
associated with white to light-green variscite, in the Koushk Zn-Pb Deposit. Abbreviations after Whitney and Evans

(2010) (Cal: calcite, Gps: gypsum, Hem: hematite, Phsd: phosphosiderite, Sp: sphalerite, Var: simple variscite, Var-Spw:
spiderweb variscite).

DOI: 10.22067/econg.2026.1173 -a%BwBE3 w0 4t viiCugv C/


https://doi.org/10.22067/econg.2026.1173

YHS AwaAvs §BABWEWMICY L. 08B & ¥EE ppu y V yCp C A3

X %LLA yACKHIWE waw Ll VECWHW € &Ml E Wz ¢ PDYB£ &av EEBEYOLLAARLL .
Phsd 1¢ C U Bdd y 4 ¢:BAUBL ¢ AW whigdyardEviank 20103A Yy Wy WC By &y ¢ YewwlaL 1 o - v
Yart wA vl U WV G A e/
Fig. 5. A and B: Variscite and phosphosiderite mineralization associated with unmineralized shale in the marginal zone

of the Koushk Zn-Pb deposit. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Dol: dolomite, Phsd:
phosphosiderite, Var: simple variscite).
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Fig. 6.A to E: Microscopic images of variscite associated with stratiform ore zone, F to I: simple variscite related to black
shales and siltstones, showing zoning in some crystals, J to M: spiderweb variscite associated with black shales and
siltstones, N to P: bluish-green variscite related to dioritic sills in the Koushk Zn—Pb deposit. Abbreviations after Whitney

and Evans (2010) (Amp: amphibole, Cal: calcite, Ep: epidote, Hem: hematite, Om: organic matter, Py: pyrite, Phsd:
phosphosiderite, Qz: quartz, Shl: shale, Var: simple variscite, Var-Spw: spiderweb variscite).
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Fig. 7. A to H: Fe-SEM and EDS images of variscites associated with the stratiform ore zone in the Koushk Zn—Pb
deposit. Abbreviations after Whitney and Evans (2010) (Py: pyrite, Shl: shale, Var: simple variscite).
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Fig. 8. A to N: X-ray elemental distribution maps of variscites associated with the stratiform ore zone in the Koushk Zn—
Pb deposit
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Fig. 9.Ato G: FE-SEM and EDS images of variscites associated with the marginal ore zone in the Koushk Zn—Pb deposit.
Abbreviations after Whitney and Evans (2010) (Ap: apatite, Phsd: phosphosiderite, Var: simple variscite.
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Fig. 10. X-ray diffraction results of deep-green simple variscites in non-mineralized Zn—Pb shales associated with the
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Fig. 11.X-ray elemental microprobe (XPMA) results on deep-green variscite from the Koushk Zn—Pb deposit
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Fig. 12.Raman spectra of A: spider-web green variscites samples from the Koushk Zn-Pb deposit, over the 100-4000 cm’

! spectral Range, B: Simple green variscites, over the 400-2000 cm spectral Range, and C: Light-green to white
variscites, over the 400-2000 cm spectral range, in the Koushk Zn-Pb Deposit

-"@)‘@«@

.8 awCAA »LCae (Bryichy ARE L IEAGAULA 57 CEFEL Akl Ay & f#)A i YEAE wi
WzDAw 3 GoySIL MM Gwady By~ B ARy 1B0M- L A IVBRYY: I5AJIAAN LA
#Rahimzadeh et al., 202230 v % w 1 a0Gg Wy BB ay E%E A £ ALGERA{ T b Y 1\
Fig. 13.Cabochon-cut variscite samples from the Koushk Zn-Pb deposit. A: light blue-green variscite with black shale

veins (3.5 cm long), B: pure light-green variscite (4 cm long), C: dark-green variscite with dark veins (1.8 cm long), and
D: stones with a spider-web pattern (3.1 cm long). Photographs B to D from Rahimzadeh et al. (2022)
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Willing et al., 2008; Rahimzadeh et $C z %4 EwWCO Vv L EML A ¢ €1 BARLYAWEY LYEW 6 ICLAwp LE
#l., 2022

Table 1.Gemological comparison of variscite from the Koushk Zn-Pb deposit and Western Australian variscite (Willing
etal., 2008; Rahimzadeh et al., 2022)

Physical data Koushk Mine Western Australia
Crystallization system Orthorhombic Orthorhombic
Color Light bluish-green Light bluish-green
Streak White White
Luster Oily Waxy; takes a high polish
Transparency Opaque Opagque to translucent
Refractive Index 1.582 (Spot) 1.570 to 1.582
Hardness 35t045 ~5
Specific Gravity 257 2.49 to 2.55
Cleavage - -
Fracture Splintery Uneven
Eluoresc LW Very weak Inert
SW Jinert Inert
Weight 38.28 ct Unknown
CF Inert Grey to pale
Microscopic features Clay, quartz, iron oxiders Gold mcluspns. Ma_trlx. clay, quartz,
iron oxides.
Similar Minerals - Chrysocolla, Chrysoprase, Turquoise
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Table 2. XRF analytical results for variscite samples of different colors associated with the marginal zone in the koushk

Zn-Pb deposit

NO WS-1 WS2 WS3 WS4 WS5 WS-6 WS7 WS-8 WS-9 WS-10
Light-green
ample Lanarenvarseiteassoied CERERIEE SRR e socited
with black shale shale with black shale with
microdiorite
Major elements (wt.%)
Si02 1497 0316 0.887 0.836 0.078 4.708 7.148 5413 2.142 2.46
Al203 28.21 28.763 28.012 27.936 28.903 27.807 23.857 24.222 27.304 25.166
CaO 0.343 0.111 0.07 1111 0.04 0.141 2.2 1.385 0.635 2.246
Na20 nd nd nd 0.046 nd 0.2 0.052  0.099 0.147 0.135
K20 0.021 0.025 0.016 0.015 0.039 0.293 0.04 0.025 0.023 0.444
P205 43.32 43.413 43.385 42.13 44.659 40.007 36.576 37.096  41.694 34.812
Fe203 0.647 0.399 1.258 0.203 0429 0.174 0152 0.98 0.466 0.247
MgO 0.053 0.079 0.078 0.067 0.087 0.045 0.041 0.051 0.022 0.035
MnO 0.019 nd 0.012 nd 0.013 nd nd nd 0.017 nd
TiO2 0.147 0.045 0.06 0.06 0.172 0.099 0.27 0.082 0.12 0.223
SO3 1.602 1506 1.399 3191 1.088 2463 5476 5.352 2.968 7.167
L.O.l 2322 2455 24.07 2396 23.82 22.67 2348 2438 23.19 26.17
Al/P 0.65 0.66 0.64 0.66 0.64 0.69 0.96 0.65 0.65 0.72
Trace elements (ppm)
Cl 290 360 160 280 300 240 220 390 200 740
Sc 100 70 180 nd 50 nd nd 200 380 180
\Y 1560 730 2120 600 1270 2290 1060 1520 1820 1540
Cr 350 370 360 340 480 410 370 330 380 320
Ni 60 nd 30 50 30 40 nd 40 nd 30
Cu 3170 1390 850 1550 200 2280 1400 2190 2690 1190
Zn 3250 4780 3200 1430 3950 7720 1410 2150 5290 4660
Ga 130 110 140 80 150 140 140 120 170 120
Sr 30 nd 10 10 nd 270 20 100 40 20
Pb 200 90 400 110 90 310 110 2100 1290 90
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Table 3. XPMA spot-analysis results of deep green variscite associated with the marginal zone in the Koushk Zn-Pb
Deposit. The values are in percent)

Deepgreen variscite associated with black shale

No ws-1 ws-2 ws-3 ws-4 ws-5 ws-6 ws-7 ws-8 ws-9 ws-10
Major elements(wt.%)
Si02 ND ND ND 0.36 0.63 0.18 ND ND 0.41 0.39

Al203 33.87 33.65 34.12 33.09 335 33.65 34.62 32.75 34.31 33.67
P205 44.01 42.68 42.81 41.68 39.88 42.92 40.42 44.75 38.79 40.77

Fe203 0.23 0.24 0.13 0.13 0.2 0.27 0.18 0.14 0.23 0.42
TiO2 0.86 1 0.33 0.56 1.04 0.63 0.65 0.67 0.78 0.74
CaO 0.14 0.09 0.07 0.12 0.13 0.09 0.12 0.12 0.1 0.14
K20 0.21 0.2 0.13 0.13 0.16 0.18 0.13 0.15 0.16 0.16
V205 1.04 1.03 0.57 0.8 1.02 0.84 0.74 0.83 0.91 0.67

Cr203 0.19 0.05 0.08 0.18 0.09 0.13 0.09 0.16 0.14 0.17
SO3 0.84 0.47 0.46 0.77 0.85 0.95 0.57 0.71 0.58 0.75
Cl 0.29 0.26 0.18 ND 0.26 0.23 0.23 0.19 0.27 0.26
Zn0O 0.24 0.25 0.14 0.17 0.2 0.19 0.27 0.16 0.17 0.18

i EAT x%WA y ¢y % LwoEEwi wzst O {¢CACH WEE VA A %6 aC JuYs ¢ AVZ

Table 4) Pearson correlation coefficients of elements related to different generations of variscite in the Kushk Zn-Pb
deposit
SiO2 Al203 CaO Na20 K20 P205Fe203MgO MnO Ti02 SO3 V Cr Ni Cu Zn Pb

Si02 1.00
Al203 -0.83 1.00

CaO 0.60 -0.88 1.00

Na20 0.51 -0.36 0.29 1.00

K20 0.19 -0.24 0.37 0.64 1.00

P205 -0.76 0.92 -0.89 -0.58 -0.59 1.00
Fe203-0.18 0.05 -0.33 -0.35 -0.41 0.25 1.00

MgO -0.59 0.58 -0.56 -0.76 -0.41 0.66 0.30 1.00

MnO -0.35 0.30 -0.33 -0.06 -0.20 0.38 0.09 0.23 1.00

TiO2 046 -054 064 011 036 -054 -0.44 -0.43 0.04 1.00

SO3 0.63 -090 095 049 0.53 -097 -0.26 -0.63 -0.32 0.54 1.00

vV 020 001 -027 050 0.34 -0.07 0.39 -0.33 0.13 -0.03 -0.08 1.00

Cr -0.21 049 -056 -0.11 -0.14 052 -0.19 0.38 0.72 0.10 -0.57 0.12 1.00

Ni -0.16 0.19 -0.14 -0.05 0.12 0.12 0.20 0.18 -0.35 -0.21 -0.11 0.16 -0.17 1.00

Cu 0.28 -0.09 -0.02 0.38 -0.06 -0.09 0.00 -0.62 -0.51 -0.14 0.03 0.26 -0.38 0.23 1.00

Zn -0.12 0.38 -0.44 057 054 011 -0.22 -0.21 0.17 -0.15 -0.24 0.58 0.37 -0.12 0.18 1.00

Pb 035 -041 0.09 0.35 -0.24 -0.25 049 -0.36 0.09 -0.27 0.24 0.29 -0.25 -0.02 0.41 -0.08 1.00
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Table 5. Statistical parameters of the analyzed variscites, Kushk Zn-Pb deposit

Mean Confidence Confidence Median Minimum Maximum Variance Std.Dev. Standard Skewness Std.Err. Kurtosis Std.Err.

Si02 255 0.83 4.27 182 0.08 7.15 579 241 076 094 069 -032 133
Al20327.02 25.67 2836 2787 2386 2890 353 18 059 -092 069 -086 1.33
CaO 083 021 1.45 049 0.04 2.25 075 087 027 083 069 -086 1.33
Na20 0.07 0.02 0.12 0.05 0.00 0.20 001 007 002 066 069 -093 133
K20 0.09 -0.01 0.20 0.03 0.02 0.44 002 015 005 201 069 304 133
P205 40.71 38.26 4316 4191 3481 4466 11.70 342 108 -070 069 -1.04 133
Fe20: 050 0.23 0.76 041 0.15 1.26 014 037 0.12 124 069 074 133
MgO 0.06 0.04 0.07 0.05 0.02 0.09 000 002 001 004 069 -109 133
TiO2 0.13 0.07 0.18 0.11  0.05 0.27 001 008 002 083 069 -028 1.33
SO3 322 173 4.72 272 1.09 7.17 436 209 066 087 069 -048 133
L.O.I 2395 23.26 2465 2389 2267 2617 094 097 031 124 069 250 133
Cl 003 0.02 0.04 0.03 0.02 0.07 000 002 001 216 069 552 133
Sc 1021 -1286 3328 001 0.00 102.00 1040.14 3225 1020 3.16 0.69 10.00 1.33
vV 015 011 0.18 0.15 0.06 0.23 000 006 002 -009 069 -073 133
Cr 004 0.03 0.04 0.04 0.03 0.05 0.00 0.00 0.00 156 069 299 133
Ni  0.00 0.00 0.00 0.00 0.00 0.01 000 000 000 -026 069 -110 1.33
Cu 017 011 0.23 0.15 0.02 0.32 001 009 003 009 069 -038 133
Zn 038 024 0.52 036 0.14 0.77 004 019 006 066 069 050 133
Ga 001 001 0.01 001 o0.01 0.02 000 000 000 -057 069 123 133
Sr 0.01 0.00 0.01 0.00 0.00 0.03 000 001 000 255 069 677 133
Pb 005 0.00 0.10 002 0.01 0.21 000 007 002 201 069 340 133
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Fig. 14.A to S: Correlation diagrams of elements in variscites of different colors from the Koushk Pb—Zn deposit
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Fig. 15.Ternary diagram of P.0s—Al.Os—Fe20s showing the position of variscite along the variscite—strengite join in the
Koushk Pb—Zn deposit
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Table 6.1CP-MS results of major and trace element contents of variscite ore at the Koushk Zn-Pb deposit

1 ¢ CT AEE %V §

AqP-KEYANGT A EYBOBCPI G Y

NO Dark-green variscite associated with black shaLight -green variscite associated with black sha
Element WsS11 WS12 WS13 WS14 WS15 WS16
Majore elemente
Al >10% 77231 72128 77697 85414 >10%
P >3% >3% >3% >3% >3% >3%
Ca 22502 23745 17957 878 525 2711
Ti 157 480 158 117 121 101
Fe 1122 1061 1015 657 1010 1213
Ma <100 <100 <100 <100 <100 <100
Mn 12 14 16 5 12 14
K <100 <100 <100 <100 <100 <100
Na <100 <100 <100 <100 <100 <100
Trace elemente
As 5.4 5.9 5.7 1.6 2.9 2.1
Co 4.3 4.6 3.6 4.6 3.9 51
Cr 245 112 117 89 108 135
Cu 2099 1111 728 261 639 448
Ni 24 12 11 8 9 10
S 14709 15426 11950 747 489 2930
Cs <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Rb <1 <1 <1 <1 <1 <1
Ba 96 87 26 11 20 1152
Th 0.3 1.3 0.8 0.1 0.3 1.2
U 4.6 3.2 2.7 0.6 0.8 3.6
Nb 3.7 4.6 3.9 3.6 4.1 4.2
Ta 0.2 0.2 0.1 0.1 0.2 0.2
Sr 121.8 392.3 138.6 11.7 6 151.8
Hf 0.8 1 0.8 0.8 0.9 0.9
Zr <5 9 7 <5 <5 <5
Vv 600 427 777 160 248 265
Rare Earth Elements
La 7 25 8 2 1 49
Ce 7 41 10 3 1 34
Pr 1.33 5.86 2.37 0.58 0.39 6.3
Nd 5.8 20.8 9.8 3.8 3.1 18.4
Sm 0.8 2.4 1.3 0.5 0.5 2.3
Eu <0.1 0.19 <0.1 <0.1 <0.1 0.43
Gd 0.42 1.49 0.64 0.19 0.17 1.56
Th 0.1 0.2 0.1 <0.1 <0.1 0.3
Dv 0.5 0.9 0.7 0.5 0.5 1.3
Er 0.1 0.2 0.2 0.1 0.1 0.4
m 0.1 0.1 0.1 0.1 0.1 0.2
Yb <0.05 <0.05 0.15 <0.05 <0.05 0.09
Lu <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Y 1.2 2.1 1.9 0.7 0.7 3.3
(La/Yb)n 94.39 337.1 35.96 26.97 13.48 367.06
(La/Smin 55 6.55 3.87 2.52 1.26 134
(CelYb)n 36.21 212.1 17.24 15.52 5.17 97.72
(Ce/Sm)n 211 412 1.86 1.45 0.48 3.57
(Eu/Yb)n 5.69 10.81 1.9 5.69 5.69 13.59
Eu/Eu* 0.53 0.31 0.34 0.99 1.05 0.69
CelCe* 0.55 0.82 0.55 0.67 0.39 0.47
SREE 234 98.29 33.56 11.12 7.21 114.38
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Fig. 16.Variation diagrams in variscite ores at Koushk Zn-Pb deposit. A: P,Os-REE+Y (Marchig et al., 1982; Al-bassam
and Magna, 2018), B: Al,Os-Eu/Eu*chondrite (Lawrence et al., 2006), C: chondrite normalized REE+Y patterns
(Boynton, 1985), and D: chondrite normalized Trace elements patterns upper continental crust (Taylor and McLennan,
1995)
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Fig. 17.Fluid inclusions of the Quartz and calcite mineral associated with variscite mineralization horizons in the Koushk
Zn-Pb deposit. A: three-phase inclusions (LVS), Liquid-rich two-phase inclusions (LV), B to D: Two-phase inclusions
with clathrat, E to H: double-phase liquid inclusions (LV), and one-phase liquid inclusions and one-phase vapor

inclusions, I: mono-phase vapor inclusions (V)
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Table 7. Microthermometric data of fluid inclusions of Quartz and calcite mineral associated with variscite mineralization

horizons in the Koushk Zn-Pb deposit

No sample Tyopcg inclufsllijcgi type phase Tutec Tice salinity Th V-l ng“(;c) oL A-|1—'mHE°C) Density
1 kh-2 Qz p L-V -45  7.11 219 0.85
2 kh-2 Qz p Li+Lo+V 0.00 244 -52 9.5 0.78
3  kh-2 Qz p L-V -10 13.38 188 0.98
4 kh-2 Qz p L-V -48 11.00 14.23 180 0.97
5 kh-2 Qz p L-V -8 11.41 222 0.92
6 kh-2 Qz p L-V -6.9 10.18 260 0.9
7 kh-2 Qz p L-V -50 -11.2  14.39 191 0.95
8 kh-2 Qz p L-V -12.6 15.41 240 0.92
9 kh-2 Qz p L-V -4 6.41 278 0.78
10 kh-2 Qz p L-V -9.2 12.63 310 0.82
11 kh-2 Qz p Li+Lo+V 0.00 340 -55 4 0.5
12  kh-2 Qz p L-V -35 5.69 270 0.79
13  kh-2 Qz p L-V -6.1  9.21 241 0.88
14 kh-2 Qz p L-V -7.8 11.19 236 0.93
15 kh-2 Qz p Li+Lo+V 0.00 247.00 -59 8 0.9
16 kh-2 Qz p L-V -10 13.38 268 0.92
17 kh-2 Qz p L-V -12.4 15.28 315 0.82
18 kh-2 Qz p Li+Lo+V 0.00 245 -56 6.8 0.79
19 kh-2 Qz p L-V -39 6.27 229 0.88
20 kh-2 Qz p L-V -75 10.86 162 0.97
23 1-WS Cal p L-V -12 15.96 146 1.02
24 1-WS Cal p L-V -33.7 -135 17.34 165 1.04
25 1-WS Cal p L-V -146 18.30 170 1.01
26 1-WS Cal p L-V -149 18.55 136 1.06
27 1-WS Cal p L-V -12.6 16.53 153 1.02
28 1-WS Cal p L-V -16  19.45 110 1.09
29 1-WS Cal p L-V 12.00 15.96 193 0.98
30 1-WS Cal p L-V -30.4  -14.2 17.96 153 1.05
31 1-WS Cal p L-V -16.4 19.76 116 1.08
32 1-WS Cal p L-V -11.2 15.17 146 1.03
33 1-WS Cal p L-V -14.3 18.04 138.0 1.04
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Fig. 18.A: Melting temperature for the first ice melting of fluid inclusions associated with quartz and calcite mineral in
the Koushk Zn-Pb deposit, B: Melting temperature for the last ice melting, C: temperature of CO., D: Clathrate formation
temperature, E: Salinity values of the mineralizing fluid, and F: The relationship between the ice melting point and the
salt type and content in the mineralizing fluid (standard diagrams after Shepherd et al., 1985)
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Fig. 19. A: Histogram of homogenization temperatures of the studied fluid inclusions associated with variscite
mineralization in the Koushk Zn-Pb deposit, B: Histogram of density frequency of the fluid inclusions, and C: Schematic
diagram of homogenization temperature- salinity for density determination (Wilkinson, 2001)
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