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Introduction

Epithermal deposits form in shallow geothermal systems driven by
magmatic heat and represent important sources of Au, Ag, and base
metals such as Pb, Zn, and Cu worldwide (Sillitoe, 2010; Richards,
2015). Their formation is fundamentally controlled by the evolution of
the underlying magmatic systems, as magma composition and
physicochemical evolution govern hydrothermal fluid chemistry, metal
transport, and ore precipitation (Hedenquist and Lowenstern, 1994;
Richards, 2015). The Gishoun Pb-Zn deposit is located along the
southwestern margin of the Lut Block, one of Iran’s principal
metallogenic provinces, and forms part of the Cenozoic tectono-
magmatic framework of central Iran. This region was indirectly
influenced by the Neotethyan subduction system and by the arc-related
magmatism of the Urumieh-Dokhtar belt. Mineralization occurs mainly
within the rhyolitic-dacitic volcanic rocks and is characterized by vein-
veinlet, replacement, disseminated, and brecciated textures,
accompanied by argillic, silicic, and chloritic alteration, with
silicification closely associated with sulfide mineralization.

This study aims to constrain the petrogenesis and tectonic setting of
the Eocene volcanic—subvolcanic rocks and to clarify their role in
controlling alteration patterns and mineralization in the Gishoun
epithermal system. Petrographic, geochemical, and structural
characteristics of the host units are examined in an integrated
framework, and their relationships with Pb-Zn sulfide mineralization
are systematically assessed to provide a refined genetic model for the
ore-forming processes in the region.

Regional geology

The Gishoun Pb-Zn deposit is located within the

southwestern margin of the Lut Block, one of the major
structural domains of central Iran (Figure 1). This area
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constitutes part of the Cenozoic tectono-magmatic
framework of central Iran and was indirectly affected by
the Neotethyan subduction system and associated arc
magmatism of the Urumieh-Dokhtar belt. The study area
is covered by the 1:250,000 Bam geological quadrangle
map (Eftekharnejad et al., 1993) and is dominated by
Eocene volcanic and volcaniclastic sequences that
unconformably  overlie the Paleocene Kerman
Conglomerate. The Eocene volcanic succession
comprises alternating lava flows and pyroclastic units.
Lava flows are mainly basaltic and dacitic in
composition, whereas pyroclastic rocks include rhyolitic
and dacitic tuffs, volcanic ash deposits, and widespread
ignimbrites. Dacitic units constitute the principal host
rocks for Pb-Zn mineralization and are spatially
associated with hydrothermal alteration. Subvolcanic
intrusions occur as diabase and granite dikes that intrude
the Eocene volcanic units, commonly cutting the dacitic
host rocks. These dikes show NW-SE and E-W trends
and are locally accompanied by hydrothermal alteration,
indicating a close temporal and genetic relationship with
volcanic activity. Quaternary alluvial and colluvial
deposits locally cover the older units.

Methodology

Field and laboratory studies were conducted on
volcanic-subvolcanic units, with 60 samples selected for
petrographic investigations and 30 samples analyzed for
whole-rock  geochemistry.  Major  oxides  were
determined by XRF, and trace and rare earth elements
were analyzed by ICP-MS at the Zar-Azma
Geochemical Laboratory. Geochemical data were
processed using Excel and GCDkit to evaluate
magmatic series, tectonomagmatic affinity, and magma
evolution trends.

Results

Field and petrographic observations show volcanic
rocks with porphyritic to glomeroporphyritic textures,
containing phenocrysts of plagioclase, quartz, K-
feldspar, biotite, clinopyroxene, and olivine in a fine-
grained groundmass. Subvolcanic dikes exhibit
porphyritic to microgranular textures with variable
sericitization and iron-oxide alteration. Geochemically,
the volcanic-subvolcanic suite ranges from basaltic to
rhyolitic and plots in the medium- to high-K calc-
alkaline to shoshonitic fields. All samples are enriched
in LILE (Rb, Ba, Pb) and LREE but depleted in HFSE
(Nb, Ta, Ti). Chondrite-normalized REE patterns show
elevated La/Yb ratios and variable negative Eu
anomalies. Diabase and granite have higher Rb, Th, and
KO and lower Sr, Ni, and Cr than the associated
volcanic rocks, consistent with advanced differentiation
under relatively slow cooling.

Discussion

The geochemical data from the Gishoun volcanic-
subvolcanic rocks indicate a continental magmatic arc
setting linked to Neotethyan slab subduction. Nb/La
(0.22-0.50), Ti/Yb (350-2300), and Th/Yb (0.9-1.5) are
consistent with continental arc magmatism. LILE-LREE
enrichment and HFSE depletion (Nb, Ta, Ti) reflect
mantle-source modification by slab-derived fluids and
melts. Fractional crystallization was the primary control
on magmatic evolution: CaO, MgO, FeOt, TiO, and
P-0s decrease with increasing SiO-, indicating removal
of clinopyroxene, olivine, Fe-Ti oxides, and apatite.
ALO; behavior and negative Eu anomalies (Eu/Eu*=
0.61-0.83 in granitic dikes) record plagioclase
fractionation; stronger Eu anomalies in subvolcanic
dikes than in rhyolites suggest slower cooling in a
deeper, more closed system. K20 increases from <1% to
>7%, with elevated K-0O/Na-O, indicating shoshonitic to
high-K calc-alkaline affinity. A/CNK <1 in most
samples indicates metaluminous, I-type character; values
of 1-1.1 in some felsic rocks suggest minor late-stage
crustal contamination. Field evidence shows that
doleritic dikes along NE-SW mineralized trends acted as
the main heat source, driving convection and ore
deposition in dacitic host rocks, whereas NW-SE
granitic dikes are discordant, unaltered, and sulfide-free.
These findings support classical epithermal models
driven by magmatic heat and show that structural
orientation and emplacement timing of subvolcanic
dikes were critical controls on mineralization in the
Eocene volcanic belt of the Urumieh-Dokhtar arc.

Conclusion

Petrographic and geochemical data from the
Gishoun  volcanic-subvolcanic  rocks indicate a
continental magmatic arc setting related to Neotethyan
slab subduction. LILE-LREE enrichment, Nb-Ti
depletion, and Nb/La, Ti/Yb, and Th/Yb ratios are
consistent with continental arc magmatism. Fractional
crystallization was the main process controlling
compositional variations, as shown by decreasing CaO,
MgO, FeOt, TiO., and P.Os with increasing SiO-,
reflecting removal of mafic minerals and apatite. In the
volcanic rocks, the basalt—andesite—dacite—rhyolite
transition shows increasing Rb, Th, and K.O and
decreasing Sr and Ni; this trend continues in subvolcanic
dikes from doleritic to granitic, with granitic dikes
having higher Rb, Th, and K-O and lower Sr and Ni
compared to their doleritic counterparts. This continuous
mafic-to-felsic trend, regardless of emplacement timing,
points to fractional crystallization as the key driver of
magmatic evolution. Subvolcanic dikes represent more
advanced fractionation under slower cooling conditions.
Therefore, alignment between subvolcanic dike trends
and ore-bearing structures can serve as a practical
exploration guide for epithermal mineralization in the
Urumieh-Dokhtar belt.
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Figure 4. A) A view of the lithic tuff unit (E¥®) at the Gishoun deposit (view looking E); B, C) Close-up
photographs of the lithic tuff unit (E¥®) (view looking N); D, E, F) Photomicrographs (XPL) of the lithic tuff

unit (E®), showing lithic fragments (Lit), quartz (Qz), coarse-grained orthoclase (Afs), and hematite-goethite
iron oxides. Mineral abbreviations from Warr (2021).
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Figure 5. A) A view of the volcanic ash unit (E?) in the Gishoun deposit (view looking N); B) Close-up
photograph showing the contact between the volcanic ash unit (E% and the dacitic unit (EY); C)

Photomicrograph (XPL) of the volcanic ash unit (E?), containing quartz (Qz), biotite (Bt), plagioclase (Pl), and
lithic fragments (Lit). Mineral abbreviations from Warr (2021).

Ol Py ol 5 Sl LS jo LaSle T oo pusg 8
sboyok 9ot (lmwilipanlty) 5951 sla S .ol
Aol ;o ol 5 aS Wgd o 00 3, bl yd ojll b oauST,y
aloass glw 3o e (gl )5 sloasl)s ).gb IEREYSIR
Silys 0o g s sla g &jpoa Sb > slajlsle
Lgltao)’bj O‘)?‘é r:l_iz.ca 6]54.:‘_0‘? 9 C.‘,SP ..\aL:.a aS el
ol yoray sl oyl (E-F g D-7 glo |SCi) el ods,
a8 Cnl (g axly 50 sla Shg 5l g anl il
Soop bl o oleSle JalSs 5 Sl (Sado e sbsS

2 undercooling

(E") sudgry sWo3las uslg
Sl S350 3l Sor B Sdsy slaoibs ool
Omlwyd ol s as ozl olcwlad s ool e
1) (bl (i (S S 55 59 G (S e b))
S | adbie glaggaily g (o (el e 00 HLAS
o5 o 3 S ol slagygeissy (AF IS5) Eal 03]
4 03jlsa pols Ll 1ol (29, (S b (005 S5, 4
AP sla JSi) Wgh oo 0nd (Syge 4 hle 551 K,
50,1 (g pKaiz g5 azly ol ( 8L Bays 51 (B-F
Ol 0 Gadiom 5 Sla s Sem Y55 ,Sem Ll
Sl 05y O)g0n a5 gl C8L el Wgd oo 0
SLasS g g0 o3 (sl diej )3 Jlewald by 35 leS” LI



VF O (piin 5 Cuads oylads qeroin Jlu (55909 iy

200 pm 4 200 pm
.

———

b L (BN s,y 05108 axly 51 ooy oled (B (5,95 Jlods 45 9, 000) (BT (odes, s03l08 axly 5l oles (A 7 S0
SISt 31 a8 sy 503 amly I XPL abliie Lo J5Sis b 55308 139) (o553 5 sl g (E D C sl y>
(Warr, 2021) L1y 51 48,5 5 o SIS ClbgiaisS .l ooy ais-lus (AFS) [Lewsadd gl 5 (QZ) 55,155 siloalsads

Figure 6. A) Field view of the rhyolitic lava unit (E") (view looking NE); B) Close-up photograph of the
rhyolitic lava unit (E") displaying flow texture; C, D, E) Photomicrographs (transmitted cross-polarized light,
XPL) of the rhyolitic lava unit, showing flame-like (Qz) and K-feldspar (Afs) crystals. Mineral abbreviations

from Warr (2021).
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Figure 7. A) Field view of the dacitic unit (E%) and its associated alteration and mineralization zones (view
looking SE); B) Photograph of the dacitic unit in a drill-core sample; C) Representative photograph showing
the occurrence of lead-zinc sulfide mineralization within the dacitic unit (EY).
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Figure 8. A, B, C) Photomicrographs (XPL) of the dacitic unit (EY), consisting predominantly of quartz (Qz),
potassium feldspar (Afs), and plagioclase (PI) phenocrysts set in a groundmass dominated by plagioclase (PI)
laths. Mineral abbreviations from Warr (2021).
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Figure 9. A) Field photograph of a granitic dyke intruding linearly into the lithic tuff unit (view looking NE);
B) Close-up view of the granitic dyke; C, D, E) Photomicrographs (XPL) of the granitic dykes consisting
mainly of quartz (Qz), potassium feldspar (Kfs), and plagioclase (PI) phenocrysts set in a potassium feldspar-

rich groundmass (Kfs). Mineral abbreviations from Warr (2021).
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Figure 10. A) Field photograph of a doleritic dyke crosscutting the altered dacitic host rock (view looking NE);
B) Close-up photograph of the doleritic dyke displaying porphyritic texture; C, D) Photomicrographs (XPL) of
the doleritic dykes showing porphyritic texture with plagioclase (PI) phenocrysts embedded in a groundmass of

plagioclase microlites; E) Photomicrograph showing trachytic texture of plagioclase in the doleritic unit.
Mineral abbreviations from Warr (2021).
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Table 1. Whole-rock major-element compositions (in wt%, determined by XRF) and trace element
concentrations (in ppm, determined by ICP-MS) of the volcanic to subvolcanic units from the Gishoun deposit.

Sample No. Gsh-21A Gsh-22 Gsh-28 Gsh-29 Gsh-30 Gsh-31 Gsh-32 Gsh-02 Gsh-35 Gsh-07
Rock Type E Er E E EP E° Ed Dia Dia EP
SiO, 69.39 69.13 69.71 70.06 55.45 58.14 63.78 47.78 51.62 47.22
TiO, 0.13 0.14 0.14 0.14 0.49 0.4 0.3 0.53 0.45 0.62
Al,O3 14.95 14.04 13.87 14.04 16.88 16.66 15.85 17.32 13.29 17.2
Fe,O3 2.49 2.79 1.89 1.86 7.39 5.69 3.87 9.01 8.54 9.81
CaO 151 1.96 2.23 2.42 6.77 7.09 3.49 8.31 8.74 11.51
MgO 0.19 0.3 0.28 0.27 2.23 141 0.44 5.66 6.99 3.2
Na,O 1.77 1.33 3.53 3.04 3.39 3.36 441 2.69 2.6 2.64
K0 6.82 7.26 4.98 5.1 2.97 3.58 4.36 3.02 2.74 2.63
MnO 0.05 0.08 0.14 0.18 0.13 0.09 0.1 0.18 0.14 0.16
P.Os 0.04 0.04 0.05 0.08 0.27 0.18 0.14 0.31 0.23 0.24
SO3 0.16 0.29 0.2 <0.05 0.28 <0.05 0.32 0.05 0.11 0.18
LOI 2.46 2.56 2,94 2.76 3.66 3.35 2.84 4.99 44 4,54
Ba 440 852 371 457 508 472 859 517 479 477
Rb 138 157 118 134 65 84 81 75 72 56
Sr 56.9 192.2 132.3 102.9 542.8 3735 252.3 1055 607.7 442
Cs 3.4 34 3.1 4.7 1.8 2.6 35 8.9 2.6 8
Ta 0.9 0.9 1 1.3 0.8 0.9 0.8 0.6 0.7 0.6
Nb 12.1 12.2 14.3 15.6 10.3 10.9 9 7.1 8.9 5.7
Hf 4 3.9 3.2 19 4.1 6.1 35 2.4 3.3 2.3
Zr 175 141 107 67 147 230 141 92 121 74

Y 27.4 23.6 18.7 16.5 22.7 20.8 16.3 20.8 20.1 19.8
Th 9.8 9.7 11 10.4 6.2 9.1 6.6 6.8 6.5 3.8
U 2.32 2.6 3.2 3 1.9 3 19 2 1.9 12
Cr 22 19 13 19 30 51 25 27 289 49
Ni 1 2 3 4 9 15 7 11 97 21
Co 1.3 1.2 3.2 17 15.8 13.6 4.1 19.8 25.1 22.9
\Y% 4 8 17 14 158 159 61 188 184 281
Pb 40 25 14 13 11 11 19 11 24 15
zZn 63 46 41 52 82 67 37 69 68 66
As 18.2 13.9 16.7 8.2 9 9.4 9.3 9 8.1 17.4
Be 2.1 2 1.9 2.1 1.6 16 1.6 16 14 0.9
Cu 29 12 14 11 34 26 14 33 62 7

Li 32 29 40 56 20 20 19 17 18 28
Mo 5.3 2.9 14 2.3 1.6 1.8 2.3 1.3 1.9 0.8
Sc 2.9 3.3 2.1 1.6 15.9 14.3 5.1 16.3 21.6 27
Sn 2.2 24 2.2 1.7 1.9 1.7 1.8 1.7 2 13
La 34 31 28 29 23 22 22 24 22 13
Ce 73 66 62 58 46 49 44 a7 48 29
Pr 7.26 7.31 6 6.33 5.86 5.32 4.99 6.05 6.43 4.06
Nd 26.3 25.9 19.1 20.8 22.7 19.8 17.4 23.1 24.4 16.1
Sm 5.6 5.8 4.1 4.1 5.4 4.7 3.9 5.4 5.8 4.2
Eu 121 1.48 0.81 0.87 1.63 1.15 1.14 1.72 1.66 1.42
Gd 4.07 3.97 3.1 3.11 3.56 3.3 2.85 3.73 3.93 3.14
Th 0.7 0.7 0.6 0.6 0.8 0.7 0.5 0.7 0.8 0.6
Dy 4.3 4 3.1 3 4.4 3.7 2.7 3.9 4.2 3.9
Er 2.2 24 1.8 19 24 2.1 14 2.1 1.9 2.1
m 04 0.5 0.4 04 0.5 04 0.3 04 04 0.4
Cd 0.1 0.2 0.3 0.1 0.2 <0.1 <0.1 0.3 0.2 0.2
Yb 2.38 1.96 1.59 1.36 25 2.25 1.37 2.38 2.07 2.59

Lu 0.4 0.4 0.4 0.3 0.4 0.4 0.3 0.3 0.3 0.3
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Table 1. Continued.

Sample No. Gsh-25  Gsh-01  Gsh-08  Gsh-19 Gsh-BA  Gsh-26  Gsh-08 Gsh-21B Gsh-33  Gsh-34  Gsh-05

Rock Type E E E E EP Gr Dia Dia Gr Gr E’
SiO, 56.28 60.16 58.2 68.44 59.63 70.96 51.83 51.86 72.87 73 69.47
TiO, 0.44 0.26 0.43 0.14 0.46 0.15 0.71 0.71 0.1 0.1 0.16
Al,Os 16.59 18.3 16.27 14.25 16.56 13.67 16.17 15.37 13.33 13.05 14.25
Fe,O3 6.69 4.56 5.09 2.09 6.29 2.01 9.66 9.13 143 141 2.67
CaO 7.16 1.22 6.81 2.57 6.02 0.89 7.22 8.4 1.27 16 3.92
MgO 1.98 0.17 0.66 0.19 3.15 0.26 5.86 411 0.18 0.17 0.27
Na,O 3.32 0.39 3.86 3.49 3.98 3.56 3.15 3.06 2.75 31 14
KO 3.04 12.94 4.15 5.24 1.09 5.53 1.83 2.03 5.78 5.46 4.65
MnO 0.1 0.02 0.32 0.09 0.12 0.09 0.2 0.16 0.07 0.09 0.05
P,0s 0.22 0.16 0.29 0.08 0.13 0.09 0.81 0.76 0.04 0.01 0.03
SO; 0.09 <0.05 0.14 0.34 0.17 0.86 0.31 0.25 0.35 <0.05 <0.05
LOI 4.03 1.73 3.75 3.01 2.36 1.87 2.23 4.06 1.78 197 3.02
Ba 469 482 367 685 384 529 437 472 374 376 577
Rb 73 313 87 117 88 132 37 35 136 139 131
Sr 403.8 101.4 205.6 131.9 368.3 193.3 495.2 536.4 86.3 103.3 62.2
Cs 31 4.7 5.3 5 14.3 25 1 0.7 3.1 2.9 2.8
Ta 0.8 1 0.8 0.9 0.8 11 0.9 0.8 1 11 1
Nb 9.6 12 105 13.7 9.3 15.1 13.2 12.6 14.8 15.8 145
Hf 39 53 4.4 4 5.8 3.8 55 4.3 2.2 25 13
Zr 141 186 168 142 234 128 230 183 66 75 23

Y 20.2 18.9 21.5 18.7 23.6 17.1 31 30 16.6 18.9 231
Th 8 8 7 10.3 10.1 11 4.7 44 10.9 125 12

] 2.61 19 2 3 2.8 35 13 1.25 2.3 2.8 2.3
Cr 28 17 20 16 36 22 26 28 14 21 16
Ni 10 1 2 4 9 4 6 8 1 5 1
Co 16.2 1.7 8.2 23 16.1 24 20.7 18.7 <1 <1 11
\Y% 176 23 112 19 152 18 222 215 5 4 14
Pb 14 46 14 17 11 8 10 10 4 8 6
zZn 68 65 20 13 65 17 97 91 16 14 11
As 124 40.6 17.6 16.6 13.7 16.7 5.3 9.5 8.4 13.6 8.3
Be 15 1 11 1.8 14 1.9 1.6 1.6 1.9 2.1 1.8
Cu 61 3 8 8 31 10 43 34 7 5 4
Li 27 17 29 61 23 24 32 19 17 17 18
Mo 2.9 3.6 2.3 0.9 1.6 3.8 11 1.6 1.6 18 0.9
Sc 15.8 3.3 10.1 2.1 20.7 2.8 24.3 23.7 15 15 31
Sn 17 23 1.8 1.8 21 1.9 1.7 1.8 2.2 2.2 3.7
La 19 22 23 28 24 32 36 34 34 36 30
Ce 42 49 48 59 54 60 74 72 60 62 64
Pr 5.05 6.5 5.43 5.78 5.7 6.37 9.03 8.47 6.5 6.91 7.8
Nd 18.7 23.2 20.2 19.4 20.7 20.3 33.7 31.8 20 22.9 27.6
Sm 4.3 5.2 44 41 4.8 41 7.3 6.9 3.9 4 5.7
Eu 1.34 1.33 1.37 1.07 1.25 0.94 222 2.08 0.69 0.7 1.15
Gd 3.26 3.46 351 3 3.38 2.92 4.89 4.95 2.96 311 4.09
Th 0.6 0.6 0.7 0.6 0.7 0.5 1 0.9 0.5 0.6 0.8
Dy 3.8 3.6 3.8 3.1 41 3 5.6 5.4 2.7 3 45
Er 2.2 2 2.2 2 24 1.8 3.3 3 15 18 25
Tm 04 04 04 04 04 0.3 0.5 0.5 0.3 0.4 0.5
Cd 0.3 <0.1 0.1 <0.1 0.2 <0.1 0.2 0.1 0.1 <0.1 0.2
Yb 2.34 154 2.21 157 2.49 151 3.43 3.23 1.24 1.48 1.94

Lu 0.4 0.3 0.4 0.3 0.4 0.3 0.5 0.5 0.3 0.3 0.4
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Table 1. Continued.

Sample No. Gsh-06 Gsh-BH05-44 Gsh-BH08-81/15 Gsh-BH16-45/8 Gsh-13 Gsh-17 Gsh-18 Gsh-03 Gsh-04
Rock Type Dia E E E E EP E¢ Ed
SiO; 51.05 69.27 66.57 69.54 73.21 62.89 52.6 61.89 61.59
TiO, 0.56 0.24 0.25 0.23 0.13 0.33 0.57 0.33 0.32
Al,O4 16.78 13.98 14.34 14.18 13.42 15.3 16.44 15.37 16.27
Fe,O3 75 3.13 4.31 3.7 1.56 4.79 7.67 4.66 4.49
CaO 9.71 3.28 3.65 1.73 15 2.35 8.9 3.52 2.87
MgO 5.01 1.04 1.34 1.26 0.27 2.07 3.22 13 1.96
Na,O 217 2.53 2.18 2.81 1.56 5.03 2.96 421 3.75
K,O 1.99 3.15 3.3 2.93 5.3 3.15 2.61 4.46 453
MnO 0.14 0.09 0.17 0.06 0.07 0.07 0.16 0.13 0.08
P.Os 0.34 0.11 0.13 0.11 0.03 0.15 0.4 0.19 0.18
SO3 0.23 <0.05 0.34 0.22 0.24 0.5 0.09 0.31 0.17
LOI 4.49 3.09 341 3.21 2.68 3.32 4.27 3.57 3.72
Ba 326 774 107 36 322 569 473 587 724
Rb 57 90 97 76 131 60 59 81 77
Sr 501.8 51.3 33.3 38.8 125 259.8 543.4 294.1 166.5
Cs 3.9 25 35 2.8 10.2 2 1.9 18 4.2
Ta 0.8 0.6 0.7 0.7 1 0.6 0.8 0.8 0.8
Nb 11.3 74 10.9 9.3 13.9 8.4 11.1 9.9 10.3
Hf 2.9 2.2 3.2 3 3.7 4.8 5.2 1.7 7.1
Zr 109 71 109 104 133 219 218 313 280

Y 20.1 19.3 21.8 19.2 18.8 20.1 25.1 18.7 19.3
Th 4.2 9.2 9.1 9.2 11.7 9.6 6.2 8.4 9.2
U 1 2.3 2.2 247 2.7 3.2 1.7 2.79 2.9
Cr 107 18 19 20 15 22 71 22 22
Ni 39 1 1 3 4 27 5 3
Co 20 18 3 2.3 12.1 19.7 11.8 9.3
\Y 174 23 25 22 10 92 171 92 87
Pb 11 5 2 7 12 102 17 148 13
zZn 116 13 16 17 10 423 114 229 238
As 10.9 8.4 9.9 8.6 111 12.1 12.9 12 12.7
Be 1.1 1.8 1.8 1.8 2.4 1.7 1.6 18 1.7
Cu a7 4 2 2 7 58 24 60 20

Li a7 22 19 18 123 44 27 32 42
Mo 1.2 13 14 11 1.1 1.7 1.6 3.2 15
Sc 25.3 4.1 4.8 3.7 14 7.2 21.4 5.2 5.9
Sn 1.6 2 2.2 25 2.2 15 1.9 2 1.7
La 20 26 30 26 32 25 27 20 24
Ce 40 52 64 50 64 50 55 54 59
Pr 5.56 6.22 7.49 5.68 6.41 4.63 6.35 4.96 5.46
Nd 21.6 21.8 25.8 19 21 17 22.2 17.9 19.2
Sm 5.2 4.6 5.2 3.9 4 3.7 5.2 4 4.4
Eu 1.59 1.04 1.07 0.67 0.8 0.97 145 1.23 1.32
Gd 3.61 3.15 3.86 3.04 3.04 2.82 3.68 2.94 3.12
Th 0.7 0.6 0.7 0.6 0.5 0.6 0.7 0.6 0.6
Dy 4.2 35 3.9 3.2 34 3.2 45 35 35
Er 2.2 2 2.1 1.9 1.8 1.6 24 19 1.9
Tm 0.4 0.4 04 0.4 0.4 0.4 0.4 0.4 0.4
Cd 0.2 0.1 0.1 0.1 0.1 <0.1 0.1 <0.1 <0.1
Yb 211 155 1.86 1.71 1.49 211 2.6 1.92 191
Lu 0.3 0.3 0.3 0.3 0.3 0.3 04 0.3 0.3
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Figure 11. Classification diagrams for the Gishoun area rocks: A) Volcanic rocks plotted on the SiO: versus
Na.O+K-0 diagram (Le Bas et al., 1986); B) Subvolcanic rocks (dikes) plotted on the SiO2 versus K2O+Na-O

diagram (Middlemost, 1994).
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Figure 12. A) Chemical composition of volcanic rocks from the Gishoun deposit plotted on the Ta/Yb versus
Th/Yb diagram (Pearce et al., 1982); B) Chemical composition of dikes from the Gishoun area plotted on the

Co versus Th diagram of Hastie et al. (2007).
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Figure 13. Tectonic setting discrimination diagrams (Schandle and Gorton, 2002) for volcanic rock samples
from Gishoun area: A) Ta/Yb versus Th/Yb diagram; B) Ta versus Th diagram; C) Ta/Hf versus Th/Hf

diagram; D) Yb versus Th/Ta diagram.
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Gishoun area.
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Figure 18. Primitive mantle-normalized trace element spider diagram for the dykes of the Gishoun area
(normalization values are after Sun and McDonough, 1989).
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