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Assessment of gold mineralization potential in metamorphic terrains
requires the application of effective analytical approaches because
geochemical patterns are simultaneously influenced by lithological
variability, hydrothermal alteration, and structural complexity. In this
study, the gold mineralization potential along the Khonsar-Aligudarz
belt was evaluated by integrating factor analysis with geological
evidence. For this purpose, stream-sediment data from the Golpayegan
and Aligudarz 1:100000 geochemical sheets were processed, and inter-
element relationships were investigated. The results indicate that factor
analysis successfully separated the component related to gold
mineralization from the regional lithological background and delineated
areas with the highest mineralization potential. Validation of the results
through field investigations, petrographic studies, and mineralogical
examinations in the Darreh Sari area confirmed the presence of NW-SE
trending quartz—hematite—bearing vein-veinlets containing pyrite,
pyrrhotite, arsenopyrite, marcasite, chalcopyrite, sphalerite, and galena,
as well as iron-, manganese-, and copper-oxide minerals, including
hematite, goethite, and, less commonly, magnetite, pyrolusite, and
malachite, within Triassic—Jurassic schists and metapelites. The close
correspondence between the geochemical anomalies and shear zones
and quartz veins indicates that these structures played a major role in
channeling mineralizing fluids and concentrating gold. The results of
this study indicate that integrating factor analysis with geological
information provides an effective approach for reducing uncertainty in
regional exploration and prioritizing gold exploration targets in the
central Sanandaj—Sirjan Zone and other comparable metamorphic
environments.
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EXTENDED ABSTRACT

Introduction

Gold, as one of the most important strategic and
economic metals, forms within a wide range of
hydrothermal and orogenic systems, and delineating
prospective zones for its occurrence remains a
central objective of mineral exploration. In the
central Sanandaj—Sirjan Zone, between Khonsar and
Aligudarz, several gold occurrences (e.g., Darreh
Sari, Hasan Abad, Reza Abad, Hossein Abad,
Koucheri, and Sefidsang) have been documented
within Triassic—Jurassic schists and metapelites,
typically as quartz vein-veinlets with iron and base-
metal sulfides and associated silicification,
chloritization, carbonatization, and oxidation.
Structural control by brittle—ductile shear zones,
combined with hydrothermal fluid—rock interaction,
has played a fundamental role in concentrating gold
and base metals in this belt. Despite reasonable
knowledge of these occurrences' geology and
mineralogy, regional evaluation of geochemical
dispersion patterns remains challenging, since
differential element behavior during weathering and
transport produces complex, overlapping anomalies
that single-element interpretation cannot reliably
resolve.

Stream sediment geochemistry is among the most
effective, economical regional exploration methods
for detecting concealed mineralization, though its
performance depends heavily on data processing.
Conventional univariate threshold methods generally
fail to reveal complex inter-element relationships or
separate signals from different mineralizing systems,
whereas multivariate statistics, particularly factor
analysis, overcome this limitation by extracting
independent geochemical factors and hidden
correlations, distinguishing gold-related components
from lithological background or polymetallic
systems and improving the accuracy of potential
maps. Within this framework, the Darreh Sari area,
southwest of Golpayegan and southeast of
Aligudarz, was delineated as a gold anomaly from
stream sediment data; subsequent field work
confirmed quartz—hematite veins- veinlets within
Triassic—Jurassic schists accompanied by iron and
base-metal sulfides, indicating a gold-bearing
hydrothermal system. This study integrates stream
sediment geochemistry, factor analysis, and field,
petrographic, and mineragraphic evidence to

evaluate gold potential along the Khonsar—Aligudarz
axis, providing a practical framework for targeted
exploration in comparable metamorphic terrains.

Geological setting

The study area lies in the central Sanandaj—Sirjan
metamorphic-structural zone, one of Iran's principal
metamorphic-magmatic and metallogenic belts,
whose evolution is generally attributed to Paleo-
Tethys closure and prolonged Neo-Tethyan
subduction beneath Central Iran from the Late
Triassic to the Cenozoic, accompanied by
magmatism, regional metamorphism, and polyphase
deformation; an alternative model instead links part
of the Mesozoic magmatism to intracontinental
rifting. The belt mainly comprises Mesozoic
sedimentary—volcanic sequences metamorphosed
under greenschist- to amphibolite-facies conditions,
producing slate, phyllite, quartzite, schist,
amphibolite, and gneiss. In the central sector,
Triassic—Jurassic phyllite—schist sequences are cut
by numerous shear zones and faults that, with
hydrothermal circulation and quartz veining,
principally control mineralization.

Materials and methods

Geochemical data from 947 stream sediment
samples covering ~1,419 km?* across the Golpayegan
and Aligudarz 1:100000 sheets (Mohajjel and
Eftekhar Nezhad, 1992; Soheili et al., 1992),
previously analyzed by inductively coupled plasma
spectrometry and archived by the Geological Survey
and Mineral Exploration Organization of Iran, were
used. Concentrations of Cu, Pb, Zn, Ba, B, Co, Cr,
Mn, Ni, Sc, Sr, V, and Y were evaluated via
descriptive statistics, frequency and box plots, and
factor analysis with varimax rotation on standardized
data to extract mineralization-related factors and
construct factor-score maps. The previously
undocumented Darreh  Sari anomaly was
investigated over two field campaigns documenting
mineralized outcrops, and alteration zones, sampled
for petrographic and mineragraphic study; five rock-
chip samples from two gold-bearing veins were
analyzed for gold grade by Fire Assay.

Results

Stream Sediment Geochemistry Results

Stream sediment concentrations show wide ranges
reflecting catchment-scale geochemical
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heterogeneity. Co and Ni display the most uniform
distributions, consistent with lithological control,
whereas B (CV = 73.4%) and Mn (CV = 94.1%)
show the greatest dispersion, reflecting hydrothermal
alteration or oxide concentration; Pb shows the
highest variability among base metals (CV =59.3%)),
suggesting local sulfide enrichment. Factor analysis
extracted six factors: lithological (Sc—Y-V), mafic
(Ni—Cr—Co), mineralization (Pb—Zn—Mn), alteration
(B—Ba), carbonate (Sr), and magmatic-hydrothermal
(Cu). The mineralization factor-score map shows
pronounced anomalies at the Reza Abad, Hasan
Abad, and Takht-e Khosrow occurrences, plus a
distinct NW—-SE-trending anomaly at Darreh Sari
matching the vein orientation; all anomalies are
confined to the Triassic—Jurassic greenschist unit,
confirming its role in mineralization.

At Darreh Sari, local geology comprises
Precambrian mica schists with metarhyolite
intercalations, Triassic—Jurassic units (marble, black
shale, slate, phyllite, schist), granodioritic intrusions,
and Quaternary deposits. The intensely fractured,
thrust-bounded metamorphic units favored quartz-
vein emplacement, while carbonaceous black shales
likely supplied sulfur and gold. Gold occurs mainly
as two NW-SE-trending silicic veins (~990 m long,
~2 m wide) parallel to host-rock schistosity, locally
cut by younger veinlets indicating post-
mineralization reactivation. Fire Assay of five
samples yielded gold grades of 87, 1051, 2591, and
5256 mg/t east to west along the main vein and 557
mg/t in a subsidiary vein, with the highest grades in
the west matching the strongest anomaly and
confirming economic mineralization. Mineragraphic
study shows abundant multi-generation pyrite and
pyrrhotite, accessory arsenopyrite, marcasite,
chalcopyrite, sphalerite, and galena as intergrowths
and cavity fillings, subordinate early-stage
magnetite, and colloform marcasite, consistent with
a hydrothermal quartz-vein system corroborating the
geochemical model.

Discussion

Gold mineralization at Darreh Sari developed within
a Sanandaj—Sirjan segment shaped by Neo-Tethyan
convergence, regional metamorphism, and crustal-
scale shear zones. Factor analysis effectively
separated lithological background (Factors 1, 2) from
mineralization-related components (Factors 3, 6),
which form discrete anomalies independent of

lithological boundaries and spatially linked to
alteration, confirming the superiority of multivariate
over single-element interpretation in structurally
complex terrains. The close correspondence between
anomalies, shear zones, and quartz veins indicates
that brittle—ductile structures were the primary
conduits for mineralizing fluids, consistent with
structural controls documented for the Muteh gold
belt and other orogenic systems of the zone. The
paragenetic sequence, pyrite and pyrrhotite followed
by base-metal sulfides, reflects progressive evolution
of a multistage hydrothermal system consistent with
orogenic gold models. Carbon-rich host rocks likely
contributed sulfur, CO,, and metals through
devolatilization, consistent with models in which
organic matter scavenges, transports, and helps
precipitate gold via fluid reduction. Surface
hematitic ~ staining likely reflects supergene
oxidation, yet the coherent anomalies indicate the
primary hydrothermal signal survived weathering.
These results confirm that multivariate analysis of
stream sediment data reveals hydrothermal signals in
complex terrains, and that integrating it with
structural and remote-sensing data effectively
reduces exploration uncertainty and prioritizes
drilling targets.

Conclusion

This study demonstrates that factor analysis of
stream sediment geochemical data, integrated with
geological and mineragraphic evidence, effectively
identifies gold-related anomalies in the Darreh Sari
area and along the Khonsar—Aligudarz belt.
Separating lithological components  from
hydrothermal signals enabled recognition of genuine
mineralization-related anomalies, whose strong
correspondence with NW-SE-trending shear zones,
guartz veins, and Triassic—Jurassic metamorphic
units confirm the key role of structural controls in

channeling  fluids and concentrating  gold.
Consistency between geochemical and
field/mineragraphic  observations validates a

structurally controlled hydrothermal model, offering
an efficient framework for prioritizing exploration
targets and reducing uncertainty in early-stage gold
exploration across comparable settings of the
Sanandaj—Sirjan Zone.
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Table 1. Descriptive statistical parameters of stream sediment geochemical data in the Khonsar—Aligudarz belt. Element

concentrations are reported in ppm.

Variable Ba B Co Cr Cu Mn Pb Zn Ni Sc Sr \4 Y
Minimum 30.0 8.0 9.0 220 200 0.0 11.0 42.0 26.0 2.0 16.0 19.5 2.5
Maximum 1000.0 1000.0 52.0 540.0 186.0 1690.0 417.0 721.0 209.0 90.0 1000.0 620.0 124.0

Mean 3334 763 239 184.1 389 403.6 352 89.6 742 21.1 1612 136.7 362

S.td'. 123.8 56.0 47 785 13.1 380.0 209 412 219 104 759 531 164
deviation

CV % 37.1 734 195 426 337 941 593 46.0 296 49.1 47.1 38.8 452

CV- Coefficient of Variation values
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Fig. 2. Distribution of stream sediment sampling locations and mineral occurrences, along with the extent of metamorphic
rocks (schist, slate and phylites), overlaid on the Digital Elevation Model in the Khonsar—Aligudarz belt

DOI: 10.22067/econg.2026.1182 Y oslad VA oy53 VB bl kit e

\LY


https://doi.org/10.22067/econg.2026.1182

e ASTTL 555 S Ll g 3 M S 561ST Jomily 55

Q‘)&»A\j U:A\.&

Slr S Sn 5 gl e Gy p e T Sz 4 s
Al bl gLkl olein g (1 Bkl Oljs 515
Jly statg 55 el o Sl T 5 o541 815
S5 93 51 moman ol 4 851 5 ol wl 350 Db 154018
M&\ﬁju\:ﬁﬁo:ﬁjjjgdﬁb sl s
5 Iy OlLwils oKty 3T aFire Assay s, b e

(F Jgde) wadla

Bl Gbogu) (i) @b

yolis J1915 @39 3 Aoy ST

slaal T glas gy e ) Slaesls Ao s ST @l:.i
als () p 5y 50 yolie Chale Ll ol B, Jgd s
bt SsReal Kby &8 das o O 1y g glie ol i
ool W15 o 55Kl ) ool dilate LT (glaas s o
Lo Gladoly i S5 5 mliseRiw oS 5 s Sl
5 ey S 5 5 T ladnl 32l 3 5 (Sa5l e s
Sl a a5 b Asl o134 5 Sl S 5T Jowe ulie 5o
~ ol S 55 Gl 5l adbite 5 T glaa >
w5l S gladey ekl 5 Cabd (b ol (Sl 55
NSC PN P PN L P PV AP TP NG WK PSPy
S oy Jeole Ol oo ) lanl 1T o sy (o )
P T 5 s sl slaunl by S sladats oyl (—
SR

sdas ide &S A o O Glas 5 Slol 2 sba,ls g g
66\4;@em¢;¢ﬂﬁjaju;ﬁuc_j}:@)\gﬂu
S daasa b oply GBE o3 55 bai s ol Cad
SAYL Sl polie l)ls adigai 51 (63 guome Sliad 5 0l
G ol —ole 5 Sna ol (F5F Gla S 5) d s
03 (F S8 ol 58T (6950509 4 9 p bl cp gl !
) oS d5l5 o0 55 s 53 YU pslie e olam 5 oo

Ozl (S 6o i gee ol LI (o) ol 53
3 p 23603 il il (i LSl ¢SS5 ¢80 g ST IS
b 5 3 eslimal 3550 Mo 256187 Joily 2551 sl 0 2]
WS Jals o 5 ST (slaadl 3o 0 i )3 .
T Sl Dl s 5 slne O3l il ¢ S0s ity
S S Ol se 5 laesls (5T (gl 55 b dbdnlos ,olie
5 SN (@35 JSb e G e 355 15 T
(men Kk e § S5l Sla s gai 55 Alis (S asS
(S ol o aels il dlie gl sl (slals e
Slpalolg ya b eoslanal O glaesls HLalld ;.\Jflﬁ
Sloae sazn | il 5 olie Olo (Soan gLl b
S35 p ele Jebosd (058 o) 3L b e gland e
Jolse gl gl 31 g sl odbplonil oh 351l (glaesls
Sl ol Jolge ( wShassls 2o 4 T i 2 5 ol
Mo 54l b Las o Jolse b Jole 5 dilotd ;i ale
i o Jole (gla ol 1 o3litul b s sl 0ud gLl
Sl i s g g g GaolS Jule [2ST1,
(O S8 ol skis jateitin Mo 1548

3 le Jolow 5l Jool il s (SL5)) g lzel
LS ailate ¢ 5 13aT Lol gduaig 53 0T 5 Shes U5
) mitia gy lyls ol (slajlaal i )3 457 (g5 Lueys
S azbaie Ol ge 4 gl Glag sl g
sl

w5 S )15 sy 390 o) o 3l dl e 53 Lo o3 gdous oyl
daly s g Sl B slads) cgilw S5 Gl sais ) 5 Sl
Shtlodd (g3 ladiias 5 Cils p o345 L oS e g ks L
S sladi g I 5 55 3l 55 5 e Ls Slad sait
,SJuéauﬁ%L;\juuﬁdljtu_;sq.a_m_;bﬂ
S5 P 5SS Sl eslimal b 5 s Sl Jis —eST5L
6T 655 2 KA 5 KK o o) shin 5

pl]

DOI: 10.22067/econg.2026.1182

AN

Y UL‘*.:’ AA 093 AF 0 cLSJL.a;;‘ wuwﬁ)


https://doi.org/10.22067/econg.2026.1182

e ST 553 S =l g 5 gme 53 b 58187 Jeily S5

L)‘)&aﬁ} ol

0.004 0.008 0.124 0.
0.004 0.007 &
0.0035 0.006 5
0.003 0.08|
£ 0.0025 g0 £
?, — £ 0.004 £ 0.06
& & | &
0.0015 y 0.04
0.001) 0.0024
0.0004 0.001 .
O 3 S 0 0
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 0 10 20 30 40 50 60 200 400 600 800 1000 1200
Ba (ppm) B (ppm) Co (ppm) Cr (ppm)
. 0.0024 0.025 .02
0.03/
0.003 0.02 0.02
0.025]
Z 0.0 20.0015 Z0.015 2 0.014
2 z z H
3 0.015 s : z
= = 0.001 = 0.01 = 001
0.0
0.004 0.000§ 0.00: 0.003)
0 N 0 < 0
0 50 100 150 200 [ T 1500 0 50 100 150 200 250
Cu (ppm) Mn (ppm) Ni (ppm)
0.009
0.008
0.007]
0.006
.‘é’ 0.003]
5 0.004
0.003]
0.002]
0.001]
0
200 400 600 800 1000 1200 0 300 400 600
Sr (ppm) V (ppm) Y (ppm)
0.012,
0.01
0.008
&
2 0.006
s
a
0.004
0.002
0
) 200 400 600 800
Zn (ppm)

emlrosls J&s 55 edmsoles gy ot )3 S =Ll 5 g 53 (G1anl )T (Gl gy 55 juolie Chale Jlsl 3 @5 Sopes ¥ JSS
Fig. 3. Histograms showing frequency distribution diagrams of element concentrations in stream sediments in the
Khonsar—Aligudarz belt. The continuous curve represents the density distribution of the data.
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Fig. 4. Box and whisker plots of the concentration of 13 elements in stream sediments in the Khonsar—Aligudarz belt (all

numbers are in ppm).
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Table 2. Factor loading matrix applied to stream sediment geochemical data in the Khonsar—Aligudarz belt

D1 D2 D3 D4 D5 D6
Ba 0.575 0.034 0.233 0.400 0.279 0.060
B 0.138 -0.056 0.119 0.687 0.016 0.061
Co 0.094 0.653 0.068 -0.136 -0.073 0.365
Cr 0.437 0.694 -0.144 0.239 0.208 -0.086
Cu 0.031 0.206 0.115 0.085 -0.013 0.649
Mn 0.082 -0.171 0.460 0.210 -0.195 -0.013
Ni 0.153 0.852 -0.054 -0.086 -0.131 0.165
Pb -0.071 -0.020 0.759 0.018 0.125 -0.010
Sc 0.904 0.239 0.016 -0.115 0.068 0.027
Sr 0.196 -0.067 -0.061 0.034 0.657 -0.029
\% 0.733 0.302 0.035 0.307 0.152 0.141
Y 0.909 0.049 0.019 0.140 0.069 -0.017
Zn 0.139 0.104 0.688 0.050 -0.119 0.295
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Fig. 5. Spatial distribution map of factor scores for the mineralization factor extracted from factor analysis of stream

sediment geochemical data in the Khonsar—Aligudarz belt. This map delineates zones with higher potential for gold
mineralization based on the combination of indicator elements associated with the respective factor.
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Table 3. Comparison of mineralization anomalies in stream sediments with the occurrence of mineralization in the
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Fig. 6. A: Display of gold- bearing quartz vein with a northwest—southeast trend in the Sasplanet image of Darreh Sari
area, and B: Schematic diagram of the main quartz vein along with sampling locations for gold grade assessment in the

Dareh Sari area (1-5)
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Fig. 7. A: General view of a gold-bearing quartz vein in the Darreh Sari area, with a northwest- southeast trend, developed
parallel to the foliation of the host rocks, B: Close-up view of the mineralized quartz vein, showing a sharp contact with
the surrounding metamorphic rocks and cut by a later-generation quartz veinlet, C: Hand specimen of sulfide veinlets,
including pyrite and pyrrhotite, which cross-cut the quartz vein, D: Organic-rich shales. Reflected-light photomicrographs
(E-J), E: Euhedral to subhedral arsenopyrite crystals with a disseminated texture, occurring alongside pyrite and
pyrrhotite, F: Hematitization and chalcocite surrounding chalcopyrite, together with replacement of pyrite by hematite
and goethite, as well as sericitization of galena, indicating oxidation and supergene alteration processes, G: Replacement
of pyrite by hematite, exhibiting a dendritic texture, H: Assemblage of metallic minerals including pyrite, magnetite,
pyrrhotite, and sphalerite, present as a paragenetic association within the mineralized veinlet, I: Pyrrhotite surrounding
marcasite, and J: Colloform texture of marcasite. Abbreviations after Whitney and Evans (2010) (Apy: arsenopyrite, Cc:
chalcocite, Cpﬁ: chalcopyrite, Gn: galena, Hem: hematite, Mag: magnetite, Mrc: marcasite, Po: pyrrhotite, Py: pyrite, Qz:
quartz, and Sph: sphalerite).
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