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ABSTRACT

The Lut Block in the eastern Iran hosts numerous magmatic-
hydrothermal mineral systems and represents one of the most
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EXTENDED ABSTRACT

Introduction

The Lut Block in the eastern Iran represents one of
the most important metallogenic provinces of the
Iranian Plateau and hosts numerous porphyry and
epithermal mineral systems formed during extensive
Eocene- Oligocene magmatic activity (Sillitoe, 2010;
Richards, 2015). Hydrothermal gold mineralization
in this region is commonly associated with volcanic—
subvolcanic complexes and structurally controlled
fluid pathways. The Kaviran prospect, located the
northwest of Dehsalm in the central Lut Block,
exhibits  widespread hydrothermal  alteration,
silicification, pyritization, and gold-bearing quartz
veins. Despite its exploration significance, the ore-
forming processes and physicochemical evolution of
the hydrothermal system have not been fully
constrained.

The present study integrates field geology,
petrography, alteration mineralogy, XRD Analysis,
geochemical investigations, and fluid inclusion
microthermometry to characterize the mineralization
system and determine the genetic relationship among
hydrothermal alteration, ore deposit, and magmatic
activity.

Materials and Methods

Geological mapping and detailed field investigations
were conducted throughout the prospect area.
Representative samples were collected from
mineralized veins, alteration zones, and host rocks
for petrographic and mineralogical studies. X-ray
diffraction (XRD) Analysis were carried out to
identify alteration minerals, particularly within
advanced argillic assemblages. Geochemical data
were evaluated to investigate metal associations and
element  distribution  patterns. In  addition,
microthermometric measurements were performed
on primary fluid inclusions hosted by quartz and
calcite to estimate the temperature, salinity, and
evolution of ore-forming fluids following the
procedures described by Bodnar et al., 2014.

Results
Hydrothermal alteration in the Kaviran prospect
comprises silicic, advanced argillic, argillic,

sericitic—carbonate, and propylitic assemblages. The
alteration pattern is characterized by intensely
silicified cores surrounded by progressively weaker
alteration zones. Field observations revealed the

occurrence of wvuggy silica, one of the most
diagnostic features of high-sulfidation systems
(Sillitoe and Hedenquist, 2003; Arribas, 1995).
Furthermore, XRD Analysis confirmed the presence
of pyrophyllite within the advanced argillic zone,
indicating alteration under acidic hydrothermal
conditions.

Mineralization occurs as veins, veinlets, stockworks,
and disseminations. Pyrite is the dominant sulfide
mineral and is accompanied by chalcopyrite and
bornite. Secondary minerals include hematite,
goethite, and covellite. Extensive pyritization and
silicification are closely associated with gold-bearing
structures and hydrothermal alteration zones.
Geochemical investigations indicate significant Au
enrichment associated with Cu, Ag, Mo, Pb, Zn, and
As anomalies. Positive correlations among Au, Cu,
and Mo suggest a contribution from magmatic-
hydrothermal fluids and imply a possible genetic link
to a deeper porphyry system.

Microthermometric studies of 168 primary fluid
inclusions revealed homogenization temperatures
ranging from 112 to 320°C and salinities between
1.74 and 23.1 wt.% NaCl equivalent. Coexistence of
liquid-rich inclusions (LV), vapor-rich inclusions
(VL), and vapor-only inclusions (V) provides strong
evidence for fluid boiling during ore formation. The
distribution of temperature and salinity data suggests
mixing between magmatic and meteoric fluids
during hydrothermal evolution.

Discussion
Several geological and mineralogical features
support the interpretation of the Kaviran

hydrothermal system as a high-sulfidation deposit.
These features include advanced argillic alteration,
widespread silicification, the occurrence of vuggy
silica, the presence of pyrophyllite, and extensive
pyritization. Such features are widely recognized as
characteristic  indicators  of  high-sulfidation
environments generated by acidic magmatic fluids
above shallow intrusive centers (Hedenquist et al.,
2000; Sillitoe and Hedenquist, 2003; Simmons et al.,
2005).

Fluid inclusion data indicate that ore mineralization
occurred in a shallow hydrothermal environment at
relatively low pressures. The coexistence of vapor-
rich and liquid-rich inclusions demonstrates that
boiling played a significant role in destabilizing
metal complexes and triggering gold precipitation.
Boiling is considered an effective mechanism for
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precious-metal deposition in epithermal systems
(Bodnar et al., 2014., Moncada et al., 2012).

Mixing between ascending magmatic fluids and
cooler meteoric waters appears to have been another
important factor controlling mineralization. Dilution
of hydrothermal fluids likely caused changes in fluid
chemistry, temperature, and sulfur activity, thereby
enhancing metal deposition. Similar processes have
been documented in numerous epithermal systems
worldwide (Rottier et al., 2021; Yasami et al., 2025).
The geochemical association of Au with Cu and Mo,
together with the presence of dioritic to quartz
monzodioritic porphyry intrusions, suggests that the
Kaviran hydrothermal system may represent the
upper expression of a larger magmatic-hydrothermal
complex. High-sulfidation epithermal deposits
commonly occur above porphyry systems and may
constitute their shallow-level equivalents (Sillitoe,
2010; Richards, 2015). Therefore, the possibility of
a concealed porphyry center beneath the prospect
should be considered in future exploration programs.

Conclusions
Integrated geological, mineralogical, geochemical,

XRD, and fluid inclusion evidences indicates that the
Kaviran prospect represents a high-sulfidation gold
system developed in association with the Eocene
magmatism in the central Lut Block. Advanced
argillic alteration, vuggy silica, pyrophyllite-bearing
assemblages, intense silicification, and widespread
pyritization collectively support this interpretation.
Fluid inclusion studies reveal that ore-forming fluid
have temperatures of 112-320°C and salinities of
1.74-23.1 wt.% NaCl equivalent, indicating the
involvement of low- to moderate-salinity
hydrothermal fluids. Boiling has caused a drop in
pressure and reduced solubility or instability of
metal-bearing complexes such as gold, and fluid
mixing can cause changes in fluid chemistry or
changes in sulfur fugacity. The association of Au
with Cu and Mo anomalies further suggests a
probable genetic linkage between the high-
sulfidation mineralization and a concealed porphyry
system at depth. Consequently, the Kaviran prospect
represents a promising exploration target for both
high-sulfidation gold and porphyry-style
mineralization within the central Lut Block.
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Fig. 1. A: Ways to access the Kaviran prospect area, and B: Location map of the Kaviran prospect area in Iran and
Simplified distribution map of Eocene magmatic rocks and ophiolitic suture zones in Iran (simplified and slightly

modified after Shafaii Moghadam et al., 2015)
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Fig. 3. Alteration map of the Kaviran prospect area

DOI: 10.22067/econg.2026.1179

C ool (Fo,95cFgaliaml wlid )


https://doi.org/10.22067/econg.2026.1179

e Ol sST BLEST 03 gdoea 55 Sl (6l b0k omtwles iy 5 oo e ¢S A ¢ Glu S5 (lih e

OLSan 5 5 sy 5

wils 03 gdoen 531y a8 o e Sle £ ol el g 9
5 o T (g gladsty el 5 (¢ )
L Sl S5 cpl il oalsyl 35U 1y )55 5 0
@ijfsjz.s)\sor;s)u).bu);QMUM&\AQM
SLaysbiys S o0 B ssd 3 bs oSads
g oo 3 A2 53 ¥ YO 550 5 0nldS DL S 4 5O 500
SLosh Sl (et a5k S e ep g 4 ble Sl e
OA bl oy Hls (o la idms 3 (S5 5 Ak 58
):}.Ulc..Li:Ji.xgju\fd;\quw;:\jT&aTw\)m
Sl Cpimman .ol odile S LT S8 LIB g o la ise
FENCENPNEE L TP CgCRiC gl N RN
s S fS A 3V BT G 5 S 95 0l ol i
Cans g b e Sl s Sl £ (D-F i) dile s

(S8 das oo S5 1y addate ol Lo £ op i

S S
Lg\n\gf) ‘L;Mf) SO ) 50 4 Ol 85 03 9o 3 (G5l SIS
-0 ) Lg\af)pg&ju@lf.:ridn sdalie oSl 5
ij).sj_&@ odalin a.\)-\:usl.aui&qgfl'c‘)bc(B )A
xe 2 VO U/ .})b—))c)}wd‘)éméug)
ey b dny o o ¥ 0 0T Sl LG dms 53 5 ol
A:d»m\}Q)Hﬁbwﬁjéjaaﬁd)jm“jéj)ﬁ
— Gt ke Sl Wgy ey o a0 4S5 b
LAKJMJJJW‘&’};HgﬁwT%J?JAVR
4 lw S s gl ki b,y s .ol B b g
Ca SIS oS s Sy s S s S e
odalive aibte 2 5 03 28 Oy g 4 OLES (3l SISl
Wl S SIS 5 ) ol gl sl g e
5 8) T GlanST e SYb (S Jols 4 5t glagls
o)}uwckdjbifwé%ﬂ}uéuoﬂf.@\(%j

Lol 85 YU Sl s s w055 ol sl 35T
S 6 G ) e 0 i 5 ol jen Ly S
23 Sw B Ugama oy GBS 3 55 0 Jols | 6350
5105 e 05 onl o Ol B3 sla SIS Kos 5l ks 055 !
Gln 55 o) 2 pb Sy 5 S ST (ST o e 3lie
03151 5 Sl 1y 03 gdzes K slodaly 31 S5 iou
adbie gwls 5 ey Oy gladsly (F JSs) ol
) a1 s 53095 ol MBS 15 Gl s ol Sbeos
o= oL 055 ul 53 s b eds At W LS 5,5
LTI B WP B T2 WK L gV P PO PGS
S e A B0 s OS5 3 slay b s A s
S s 43 432 VO BVl 208 5 @S DL ST 5 s
ledds s

Gl 503 gdme b 53 Slw S ol 1did iy Sl 557
ol 53 (F JS8) Sl ks (a0 ol bl 55 oS Caes
bl s O35 cpl 53 358 g0 0> Jol 3 &S 5 Sl gn O3
Lo b 8T sl 5 Sl g

23 Slo i 55 5 185 D0 334 Lo 5 )t ke
o (Y Jﬁ.:)«abg,.:w,; g a8y d 03 guloes
ol 03 lodd 130 i 5 e S s 4 &S 355 e 0
BB sl gle S5 5 VU Hl Sl B i i
O s ailaie ool (3w 55 (B-F JS0) dis ot
35 gm odalin Sl Sl s (ks S5 D) 50 4
izt Wb (3l S (g5l b S8

G b b 5l ol 85 ol g Oy 7 — s
S S 5 2 s 25T Gladsly 5o (F JSTE) 03 5
EEa DK S I POICIUN PE-3) K . LK SRV
S Dl ST o5 80 BT s g bS5 5D 1 L5
Al YO LY syd b 55 sla 8w jo il S i
b 0 sl JISITL(F-F JS8) wilois 3l £3 S

Lled @ﬁwsbb;ﬂw)bb' 39>

DOI: 10.22067/econg.2026.1179

C ool (Fo,95cFgaliaml wlid )


https://doi.org/10.22067/econg.2026.1179

Ol 87 2LaSTT 63 guoma 53 Sl (SlasL0be meiwlos 55 5 (sond s (&, Kals ‘@L«f; ARy O e

&_.S}J:.; ‘(Eqd) Lsx.é)ﬁ ‘-“'.’.),}ﬂ);)‘;“\':l‘.";)}ﬁ LSLA.L?-\) g;.w\k;.:ﬂ._a_Jﬁuqﬁlcﬁﬁ@a%sum‘\;)ﬂ@&‘ﬁ;
S S 5 ym diliyen (EP™) (68,0 Coypasiise @fcquﬁQ}U&TguW|qu@l§@\ow
oMLiA(Et)‘_S"AJj)@\bcﬁﬁ)g}jc(Ehd)éﬁjﬁ ;ﬁ‘ﬁdM(D)C—O Jg.i)u\i‘ov\.idiv\.;(_?wj)\jj

Sadr 0 S e = S Gl B 05555 0Ll 5l S

S 5 il s 33 oy 10 WBF) Ly ST S sy ol BB 5 518 il g S oy A S g S s Sn sl T £ S
winj 5l glod 5 1S sloerd s B il St oS DS 5 S o (o I 4 5 G SISy peai D (EM) (8 s
Whitney ) 5isl 5 s 51 ssbamsl pde .0l o8 (BLiST 03 gudome 53 Sy v 47 0300 S5 5 55 59 (sla ) sty 51 pls F 5 ki
ST AFS (s s ST 55,15 Q7 S :Cal ¢S 5 0 PX iy oo HDI IS5 530 PI) el ol Ll (and Evans, 2010
(& g Bt IS Chl Lol

Fig. 4. Photomicrographs of A: Biotite-Hornblende Granodiorite (E%®) unit, B: Pyroxene-Andesite (E%) unit, C:
Hornblende-Pyroxene-Diorite Porphyry (E') unit, D: secondary minerals of chlorite, sericite and calcium carbonate.
intense propylitic, E: quartz particles and view of silica matrix, and F: plagioclase macrocrystals altered to sericite, in the
Kaviran prospect area. Abbreviations after Whitney and Evans (2010) (PI: plagioclase, Hbl: hornblende, Px: Pyroxene,
Cal: Calcite, Qz: Quartz, Ser: Sericite, Afs: Alkali feldspar, Chl: Chlorite; Bt: Biotite).
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Fig. 5. Field images of A: mineralized silica vein, B: silica patch, C and D: iron oxide (hematite, limonite, and goethite)

in the Kaviran prospect area
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Fig. 6. Photomicrographs of A: an automorphic pyrite crystal with remnants of chalcopyrite replacing into covellite, B:
an amorphous pyrite crystal with hematite needles, C: an amorphous and disseminated bornite crystal, and D: a view of
a bornite crystal decomposing into goethite, in the Kaviran prospect area. Abbreviations after Whitney and Evans (2010)
(Bn: bornite, Ccp: chalcopyrite, Py: pyrite, Cv: covellite, Hem: hematite, Gth: goethite).
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Fig. 7. Mineralization map and Au assay from samples of the Kaviran prospect area
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Table 1. Results of Au, Ag, As, Cu, Mo, Pb, S and Zn from chip composite samples of the Kaviran prospect area (Au is
ppb and other elements are ppm)

Sample Au Ag As Cu Mo Pb S Zn
B81 8100 14 95 73 7 142 8154 250
B119 4680 153 203 30 282 90 26732 532
B12 4070 51 123 211 27 298 19668 960
B97 3400 5 30 18 4 10 730 50
B72 3350 5 152 14 4 12 5200 49
B87 2810 8 175 4 6 17 12132 264
B89 2450 73 115 28 30 116 7663 275
B99 1810 1 350 22 2 111 8851 418
B84 1755 38 48 12 20 18 3488 176

B91 1660 33 397 226 20 930 35000 2852
B94 1620 1 32 16 2 6 1969 24
B68 980 8 17 20 6 6 1048 22
B80 954 0 12 6 1 8 1859 86
B47 817 2 21 8 3 58 2917 171
B100 780 7 63 16 4 44 12726 160
B78 625 0 34 5 1 22 1247 388
B85 610 1 43 2 1 7 21514 48
B106 535 2 159 20 2 26 20328 104
B88 515 3 310 4 3 13 8195 120
B93 512 1 16 16 2 8 3986 39
B43 476 1 22 6 2 11 3297 117
Bl 425 1 532 18 2 76 35000 118
B79 398 1 33 18 1 64 5056 427
B92 368 5 179 19 3 68 26740 309
B107 319 13 477 12 7 66 35000 306
B77 274 1 103 11 2 19 11082 475
B3 270 13 253 8 7 26 16776 216
B121 240 2 51 10 2 62 16997 162
B109 237 4 15 5 3 5 5012 28
B102 220 3 273 19 3 34 15164 804
B15 220 45 1003 19 26 444 >40000 2329
B90 217 5 97 13 4 20 17246 237
B101 210 1 98 14 1 26 18370 138
B111 148 5 15 5 4 6 9760 21
B86 144 1 33 10 2 186 9196 621
B66 115 1 109 9 2 25 19642 46
B103 102 1 144 14 1 13 17120 65

DOI: 10.22067/econg.2026.1179

C ool (Fo,95cFgaliaml wlid )


https://doi.org/10.22067/econg.2026.1179

e Ol sST BLEST 03 gdoea 55 Sl (6l b0k omtwles iy 5 oo e ¢S A ¢ Glu S5 (lih e

OLSan 5 5 sy 5

G (/W ol bl e Soan 5 (+/4) O 50
ol b Cams  Kiwen 5 (/1) s (4 /F) O (4 /FY)
Shyls S, T (V) 5 88 5 GIYA) S )T
SN Gy CIFA) Oy olio Lo o Kies
GIY) o G IYA) 0,35 (AT Mo slie b Cinds  Sian
G5 Smsad Gyl5 o sl (+/78) 3 & & ((+/10) B 5
GIPY) Gy jobio b o e Soaens 5 (/VB) o v pozic b
Ot go obie b Crnds  Smean 5 (/YY) 035 «(+/FY) o
ol 0 g0 .l (1Y) 5 8 8 (1Y) S )TN F)
Mo e b b gt (Siar 5 (+/8) 055 paie LV (Scan
e (0 10) Sy T olie b Caas Ko 5 (+/FF)
el CIVE) 5.8 E WYY 65y INY) O ((4/VF)
5 VD) oo (/AT g5y olie UYL (Sian gyl
Mo (/1) 0,35 «(+/FA) S, T olio b Jauw e Siuunes
s EL 5NV adge oo b Cras San 5 (/YY)
G/AY) O oolie UYL Keaan 6115 (555 sl (+/Y0)
0,5 «(+/00) ST obie b o ste Koo 5 (/5Y) s
CIYY) 5ad 0 G IYE) Db ol b Cinss  Kiwrad 5 (+/F))

(Y Jgde) el (/) 5 55

Sl e ladi ga 53 055 53 p S YABY B Y+ o (555 5lkde
Yoo 5l S Hle 45 VIV 5lded (g o i o (slad s oy
G p S X B e V4 ey A 3) 5 3 p S
J})J)&?)Jr;\"“ GYL G ¥ 5 (JLosT as )3)
aw by ey oliie i () Jod) di s ()il

sl 03 udoes Jlod 5 S o 3 b B
ad) god it 53) o )3 F 5l i in B 0/00 s 85 i
Ll o bt gas 533 8 8 VU 55 5 ol (Ao s ) (VL
adbets glad ol 53 (shd) 5w la SIS GV Hldde cdmsplis
oS 5o @503 VF SIS (555 odbay o (Slad sad I S
A3V B0 /00 o w5 VY g (4 do 53) dwpys 2/ 0
(oSt 53) dmyn ) (YL 503 O 5 ((Jbe 5T u- 53)
S by w3 88 Hldie i () Jsda) A s
PRC CHINPRPIINC SHNIC LN P PR P PR g e

.@\oa}wrb\uiég)ajajﬂ'\—éubb
03,51 Y Uit 53 0l 5 5Ll 3 jole Siven Lyl
oo b b ste Sen s M el ol oSl 0ds
3 /Y o 7FY) e ((/FF) Ol o ((4/0F) o s
GIYE) oy YY) ST olie | G Koan

e LYL Kees 513 0,8 immen . Conl (+/01) 3 88

Soslial b g Ogmm Sy bl (Siasad al 15) O ST SLEST 03 s S 03 5 (sladi goi 45 olie SKiar ol 5. S

(Wlodd dles ,olie Chlale glrosls

Table 2. Elemental correlation coefficient from chip composite samples of the Kaviran prospect area (Correlation
coefficients were calculated using Pearson’s correlation method based on elemental concentration data)

Au Ag As Cu Mo Pb S Zn

Au 1.00
Ag 0.56 1.00
As 0.13 0.28 1.00
Cu 0.41 0.33 0.20 1.00
Mo 0.44 0.90 0.15 0.14 1.00
Pb 0.31 0.39 0.48 0.75 0.17 1.00

S 0.01 0.17 0.29 0.13 0.14 0.25 1.00
Zn 0.24 0.41 0.55 0.62 0.22 0.93 0.27 1.00
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Table 3. Microthermometric data of primary fluid inclusions (P) of quartz and calcite mineral associated with

mineralization in the Kaviran prospect area

Sample No.  Fluid inclusion type ~ Number  Size (um) Tm (C°) Tm (C°) salinity (wt.%0)
P-4-Qz LV-LVS 13 5-15 169-287 -1to-7 1.7-10.3
P-4/1-Qz LV-VL 8 5-10 120-220 -15t0-5 2.1-7.8
P-8-Qz LV 6 4-10 128-171 -1.3t0-3 2.2-4.9
P-13-Qz LV 9 5-18 135-265 -1.6t0-8.2 2.7-11.6
P-21-Qz LV-VL 6 5-15 117-284 -1.3t0-4.9 2.2-7.7
P-22-Qz LV 7 4-10 114-195 -1t0-3.8 1.7-6.1
P-25-Qz LV 9 5-10 124-174 -1.6t0-5.1 2.2-7.9
P-26-Qz LV 8 5-15 117-250 -1t0-4.2 1.0-6.7
P-34-Qz LV 5 5-10 115-164 -1.3t0-3.6 2.2-4.8
P-36-Qz LV 14 5-10 121-291 -1.71t0-6.8 2.2-10.1
P-50-Qz LV 6 5-25 193-320 -2.1t0-6.2 3.5-9.3
P-84-Qz LV 4 5-15 112-155 -1.4t0-2.1 2.4-35
P-87-Qz LV-LVS 4 5-10 123-198 -1.5t0-3.1 2.5-5.1
P-94-Qz LV 5 5-15 135-215 -1.6t0-3.9 2.7-6.3
P-15-Qz LV 10 5-15 210-230 -18t0 -19 21-21.7
P-19-Qz LV 9 5-15 212-230 -20t0-21.1 22.6-23.1
P-14-Cal LV 14 5-10 214-242 -11.2t0 -12.2 15.2-16.3
P-15-Cal LV 15 5-15 214-252 -11.7 to -19.3 15.7-16.1
P-9-Cal LV-VL 16 5-15 194-310 -4t0-11.2 6.4-14.4
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Fig. 8. the microscopic images in the Kaviran prospect area A: Three-phase (LVS) in quartz, B: two—phase vapor (VL)
in calcite, C: single-phase vapor with liquid (LV, V) in quartz, and D: two—phase liquid (LV) in quartz
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