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Article info Abstract
Article history The Shourab prospect, located in the west of Central Iran, exhibits significant hydrothermal alteration
Received: 4 August 2025 . . . . .
Accepted: 24 September 2025 and trace element anomalies linked to potential Iron Oxide Copper-Gold systems (I0CG) mineralization.
Keywords: Alteration zones are characterized by chlorite, calcite, quartz, biotite, K-feldspar, albite, actinolite,
gé’ggﬁ?ﬁgﬁ'ﬁ'ﬁgﬂ‘g: sericite, and tourmaline, with variable intensities across mafic to felsic volcanic units. Molar element
IOCG systems, Central Iran. ratio (MER) and alteration indices (Al and CCPI) were employed to quantify alteration processes,
] revealing progressive alteration from peripheral propylitic zones to core potassic and sodic-calcic
assemblages. Spatial geochemical anomalies of elements such as Au, Cu, U, Mo, Ba, Sm, Ce, and La
strongly correlate with specific alteration zones. Mineralogical evidence and statistical analysis of
lithogeochemical indices such as iron, potassium, and rare earth element enrichment along with
hydrothermal alteration indices, indicate a genetic similarity between this magmatic-hydrothermal
system and IOCG type systems. Host rock composition, fluid-rock interaction, and structural controls
significantly influenced alteration styles. This work provides a comprehensive framework for identifying
hydrothermal footprints of IOCG mineralization in complex volcanic-intrusive terrains and contributes
to future exploration strategies in the west Central Iran.

Introduction

The Shourab prospect, within the Anarak zone, is
situated approximately 85 km from the Urumieh—
Dokhtar magmatic belt, along the western margin of the
Central Iran zone. It lies to the northwest of Zavareh
(Isfahan Province) and about 20 km to the southeast of
the Kuh-Dom gold deposit. The area is characterized by
well-developed hydrothermal alteration and related
mineralization. This study aims to investigate the
alteration zones and their spatial relationship with
geochemical anomalies in order to assess the mineral
potential of the area. The alteration zones and
geochemical characteristics observed in Shourab suggest
affinities with Iron Oxide Copper-Gold (I0OCG) systems,
highlighting the significance of this area for future
exploration targeting of similar systems.

Materials and Methods

Following a comprehensive literature review,
multiple field campaigns were conducted in the Shourab
exploration area at a 1:20,000 scale. Systematic sampling
was carried out using a 150 x 150 m grid over various
rock types and alteration zones. A total of 372 chip
samples were collected and analyzed for 32 major, trace,
and rare earth elements (REEs) using ICP-OES. Of these,
142 samples were additionally analyzed for gold using
the Fire Assay method at Zar Azma Laboratory in
Tehran. Analytical results were processed in ArcGIS, and
anomalous thresholds were determined using the Natural
Breaks method to generate element concentration
(bubble) and cell maps.

Concurrently, 43 samples from altered zones were
examined petrographically, and mineralogical analyses
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of six selected samples were conducted using a Philips-
Xpert Pro XRD at Zar Azma Laboratory. For
diagrammatic interpretations, elemental concentrations
were converted from ppm to molar units. Additionally,
drilling data from two boreholes (BH-10 in the south and
BH-11 in the northwest) were analyzed to better
understand subsurface structures and mineralization.

Results and Discussion

Hydrothermal alteration intensity in the Shourab area
was evaluated using the Chemical Index of Alteration
(CIA), revealing values ranging from 1.8 to 82.2%, with
most samples showing weak to moderate alteration.
Immobile element diagrams (Zr vs. TiO, and Al vs. Ti)
confirmed volcanic protoliths with varying degrees of
geochemical modification. Alteration was further
assessed using molar ratio plots, alteration indices (Al,
CCPI, etc.), and mineral assemblages, indicating the
presence of potassic, sodic-calcic, and chlorite-carbonate
alteration zones.

Elemental enrichment (e.g., Fe, K, Cu, Ba, Au, Mo,
U, Ce, and La) shows a strong spatial correlation with
alteration types, especially in three geochemically
anomalous zones: a NW anomaly aligned with major
faults, a southern anomaly over ignimbrites, and a central
weak anomaly associated with intrusive contacts. XRD
and petrographic studies identified key alteration
minerals such as chlorite, sericite, actinolite, tourmaline,
garnet, and carbonate phases, supporting multi-stage
fluid-rock interaction.

Drill core observations from BH-11 and BH-10
revealed alteration types varying with depth and
lithology. The chlorite-sericite-tourmaline assemblage is
closely associated with sulfide mineralization and
anomalous gold content. Host rock composition strongly
influenced alteration style, with mafic rocks showing
more pervasive chloritization.

Overall, the alteration patterns, mineral assemblages,
trace element geochemistry, and presence of high-
temperature alteration zones (e.g., potassic and sodic-
calcic) in Shourab show notable similarities with IOCG
systems. Despite moderate gold values, the presence of
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diagnostic alteration and pathfinder elements supports
the interpretation of a complex, multi-stage 10CG-
related hydrothermal system in the area.

Conclusions

The study of hydrothermal alterations in the Shourab
area reveals that the primary composition of the host
rocks and the geochemical characteristics of mineralizing
fluids have played a crucial role in determining the type,
intensity, and spatial extent of alteration zones. The
spatial distribution and mineralogical assemblages
including chlorite, albite, potassium feldspar, epidote,
muscovite, and calcite, reflect complex fluid-rock
interactions between Cl-rich fluids and both felsic and
mafic volcanic rocks along progressive thermal
gradients, consistent with classical features of Iron Oxide
Copper-Gold (IOCG) systems.

Key alteration reactions, such as replacement of K-
feldspar by albite, biotite chloritization, and the
propyllitic alteration of magnetite to hematite, suggest
alteration conditions with near-neutral to slightly acidic
pH and high chloride activity, typical of the transitional
stages from high- to lower-temperature facies in I0CG
systems. Moreover, the widespread presence of chlorite
and calcite, along with albite and epidote, confirms the
involvement of multiple fluid types and the mobilization
of metals such as Cu, Fe, and Ag, as well as minor
elements like As and Co.

Geochemical alteration indices (CCPI and Al) exhibit
significant changes, especially near mineralized centers,
indicating strong alteration in the felsic host rocks. The
occurrence of potassic-iron alteration zones, alongside
iron oxide-rich areas (magnetite + hematite), suggests
that sodic-calcic and potassic alteration processes were
active simultaneously with Cu-Au mineralization, an
alteration pattern closely aligned with recognized I0CG
models, particularly those in Proterozoic terranes of
Australia (Kreiner and Barton, 2017).

In conclusion, the mineralogical, geochemical, and
structural data from Shourab provide compelling
evidence for multi-stage alteration and multiple fluid
sources, bearing strong geochemical similarities to I0OCG
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systems. Therefore, the Shourab area can be considered
a promising exploration target for IOCG-type Au+Cu

mineralization.
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Fig. 1. Field photographs of rock units from Shourab prospect. a) Panoramic view of volcanic and intrusive units adjacent to
Cretaceous sedimentary Formations, b) Close-up view of quartz-porphyry acidic dikes with argillic alteration. c) Copper
mineralization (malachite) in fractured rocks of exploration trench wall along fault zone in south area. d) Hematite veins in

granodiorite host rock. e) Gold-bearing pyrite-chlorite-quartz vein from drill core BH-11 in the northwest. f) Mineralization
associated with cross-cutting tourmaline veilets, causing rock alteration near the intrusive contact in the northwestern sector.
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Fig. 3. Geological map of Shourab propect, taken from 1:20000 scale geologic map exploration report modified after Pichab Kansar

company (2017).
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Fig. 4. Simplified stratigraphic column for the drill holes. a) BH-11 and b) BH-10 with mineralization and alteration at Shourab.

Alteration minerals are shown in blue.
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Table 1. Results of mineralogical studies using XRD method for identification of alteration minerals in the Shourab prospect.

Sample ID  major phases minor and trace phases
K-XD-301 amphibole (actinolite/tremolite), calcite  chlorite
SMZ-360  quartz, albite, orthoclase, chlorite muscovite, calcite, goethite
SMZ-362  quartz, albite, orthoclase, tourmaline chlorite, illite/sericite, hematite, calcite, goethite
SMZ-376  quartz, orthoclase albite, goethite
S-XD-10 quartz, orthoclase calcite, muscovite/illite, hematite, chlorite
S-XD-159  calcite quartz, orthoclase, garnet (hydrogrossular)
la K-xD-301| . |b 5-MZ-360
| ‘ .“I |
C ‘ S-MZ-362 | d S-MZ-376
|
| |
mn “'“ . " \ | f
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Fig. 5. Identification of minerals in the X-ray diffraction pattern related to alteration zones in the Shourab prospect.
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Fig. 6. Microscopic images of samples from borehole BH-11. a) pyroxene minerals altered to chlorite (chl). b) alkali feldspar (kspr)

formed around plagioclase. c) feldspars sericitized (ser), d) quartz-calcite-chlorite vein in tuff, ) zoning in tourmaline associated
with pyrite formation, f) gold-bearing pyrites from a depth of 178 m, with a grade of 59 ppb crosscutting specularite. The gold content

was measured by EPMA.
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Table 2. Summary statistics for selected whole-rock gold (ppb), major, and minor (ppm) element concentrations of Shourab samples.

Al K Na Ca Mg Fe Au Ba Bi U Cu Co Ni Sm
Count 381 381 381 381 379 381 142 381 378 381 381 321 381 341
Median 69059 39441 11770 25612 6113 32931 5 623 0.1 2.6 15 10.3 13 35
95 percentile 97854 79334 436 >100000 26667 133333 36.6 1706 34 6.6 217 38.1 74.6 10.4
St. Deviation 26446 24517 11420 38713 8747 32931 13 706 3.1 2.1 4854 30.1 23.8 6.5
Minimum 566 138 75 500 144 1773 3 7 0.1 0.1 2 1 4 0.0
Maximum >100000 >100000 52537 >100000 43300 >150000 104 6854 40.1 18.3 >50000 393 185 10.8.8
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Fig. 7. Immobile elements diagrams for Shurab rock types, a) binary plot of Zr vs. TiO, and b) Zr vs. Al,O3, used to determine the
protolith composition of . ¢) Ti vs. Al (molar) diagram; reveals magmatic evolutionary trends (black arrow) in the least-altered rocks
(passing through the origin). Black arrows represent heterogeneous protoliths deviating from the main E-W linear trend. d) samples
plotted on the Nb/Y vs. Zr/Ti diagram (Pearce, 1996) fall within the basalt-andesite and dacite-rhyolite fields. BH-11 borehole
volcanic samples are marked by orange circles.
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Fig. 9. Density plots of geochemical molar ratios. Colors from blue to red—white represent increasing density of plotted samples. a)
Na+K/Al versus K/Al; white arrows indicate compositional trends from albite to muscovite and from muscovite toward chlorite.
b) K/AIl versus Na/Al (Fabris et al., 2015); most samples plot within the plagioclase, K-feldspar and biotite fields. The position of
Shourab samples indicates that altered samples exhibit enrichment in potassium to sodium. ¢) Na+K/Al versus Fe+Mg/Al; white
arrows show the trend from alkali feldspar toward muscovite and then chlorite. d) K/Al versus Fe+Mg/Al; sample density is mainly
concentrated in the muscovite, K-feldspar, and chlorite fields. Abbreviations: Kf- K feldspar, Chl- chlorite, Ms- muscovite, Af- alkali

feldspar, Bt- biotite, Pl-plagioclase.

AN



e @l L T Bl 5 oS sl ol S IS S arisss axlllas

oS 5 glaalide Slo,

S & 08, Gy SR8 b baaigas 5l (ci50 log03 (59, slewald
5 9 (gl G Cuas Vb alisS 1) Wl S 57 Sl S50
Cowly Coos YU als8 10) Ol S-Sgapl Slo,5o ggm 4 500
J58) o)y Slsmren (6, K wplads b oS wiloads Jilose (jloges
L aS Wlouds 00uieS loges ol g Sl G @ adiges plu (Ve
odipdlis g I8 (Sasled jo (it S 5 (95wgSe walsd
ool ety o o o2 IS S 55 sl IS 2l 50
saupoylas NazO o Al Olpss cwy (Ve JS2) w0
@3l 0 (Gl jSo Sdpin b o (SS9 B (Srad
—oad bleie @l ,S Wg,y Caoms ds (golaas (VY SKS) Cnladigas
ol el dilie 10 Gl S pedlogulin S99 oaiaslis aS uil
(e i o S 1 glSin] Sl S asls polie laaiges
Ao oo s 1) (g olae Cute  (Swsan KoO ol w Al 05
Dl b oy Syt b alty Fabid Sy o5
-0 ol 1 KaO a3l g NazO  ials wig) ladiges i
o S)lesald o 55 g (e (Sl SO Bime &5 a0
BH-11 4l slaaiges (0 @-1 JS&) col Slo 5o Jgl al> o
Ol i o GLES S = S pom Ol S0 8 95 51 (Sl S
55U cou adhie S a5 wes o Gl zeoy 4 mls
stliee glgil g ailazd § )18 Calisee slocais b glu 5o slaus s

(Ve JS8) el pansess BB dilhie o Sl S )

Y5

e ol S e polie sl oolitul 8,40 Slo 5o slamsLis
Al =100 (K20 + MgO)] / (K20 + MgO + NazO 415!
Co - lo S-Cu IS a3l «(Ishikawa et al., 1976) + CaO)

CCPI = [100 (MgO + FeO)] / (MgO + FeO + NaxO +
[MgO <o Is sl (Large etal., 2001) Jos oll » K20)

s>l + Fe03 / (MgO + Fex0s + 2Ca0 + 2Na20)]

Saeki and Date, ) olol » [K20 /K20 + Naz0] oy
ol [Fe203/(Fe203 + MgO)]  cis5ile a3l 4 (1980
VIO oy bdiges ;o 19lial a3l .ailb . (Hashiguchi, 1983)
2,3 A4V B F/F odgaze ;8 Ca ol S- IS s s AY/A L
S YOI G YIF 5l o ls (asls QA B Y aals )0 oy o a5l
c oS Slp Al (asls sl e A BTV jolie ieSiile jasls
odile ol yolie ulul p g —co IS glo )50 Sl g5l
aiile) oas 03938l yolie Jolis Lasls cpl .l sads (> b oK
aile) oadodgiBl b g aid e I polie ply )0 (mojeie 9 pamlly
sl 51 .(Large etal., 2001) cowl (w5 paeedS o2 o oumlis
- Sl T S g wilin,S Sl 58 dlbs yo 15yl asLs oS
w2 CCPI (a3Lo el (gl 15005 5l (s oo 5 5215 sl
Large et ) CCPI-Al Lo 3o glass loges j0 050 oo oolaul
gl cams Jle,Ss lediges 5 o @l., 2011; Large, 2025
LV J52) s Sl yieS g ol gy iz 5l Bes



v 2L T L g ol )S sl gl S JS K onsss anlllas oS 5 glaalide Slo,

epidote ankerite dolomite tremolite chlorite
calcitg ) © © © _ chl-ch alteratiofl pyrite
- e
90 1 ~ s,
[ ~ g : ) bigtite
!O,) @ [
S
| NG .o
~o O
- Basalt Y @

i - %, - o
60 T N o

: 3 oy
- Dacite ,‘\_\0? "~ °
i ® = BT sericite

30 1 ';/ Hl
(%

i least altered box -k

| Rhyolite - A5

2

Chlorite-Carbonate-Pyrite Index (CCPI)

Abite Ab-Kfs-Cal-Chl-Ep muscovite
0 e 3
0 30 60

Ishikawa Alteration Index (Al)

Rfeidspar
90

5 S50 p S b Slaass] slacKiw o (oS 5 Ol samolis (Large et al., 2001 Ll ) CCPI Ly 0 Al sl jloges Ve JSi
SlaS 5 sduasylis g 0ogs (Large etal., 2001) o) Sen g z,Y gomdidb #,b b gllhe ole )5 5l 5o gla SIS dcgaze .l ol dilaie jo 0ad L 5o
-Bi «s yumSEI o2 IS-Chl « sl S-Cb il SIS (5 ,Lazs| e (Ishikawa et al., 1976) Al Slo 5o asls cel Jle 5o alfas slaos!,s g

.Cﬁﬁjﬁ
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Fig. 13. a-d) Cell-based concentration maps of gold, copper, iron, and bismuth in the Shourab area. Distribution bubble maps of e)
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Table 3. Comparison of the findings of this study with typical IOCG-type deposits.
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