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Article info Abstract

Article history The Aster sensor has a unigue ability to map mineral areas, which can be referred to as the ability to
Received: 25 October 2024 disti ish diff f k d hiahliaht al . . logical studies. Th land ial
Accepted: 13 December 2024 istinguish different types of rocks and highlight alterations in geological studies. The spectral and spatia

Keywords: resolution of the bands of this sensor has enabled geologists to use the Aster sensor well in studies of
?gﬁf];ﬂ;ﬁ? FAas‘:(';rZO”e* minerals that have outcrops and also highlight alterations. Useful studies have been conducted in the
Geochemistry, Alteration, field of mapping mineral areas with outcrops, which are difficult to access and perform routine geological

mapping operations in the desert field due to the presence of rugged mountains. In order to highlight
alterations using the SWIR bands of the Aster sensor and image processing methods, several studies have
been recorded. In this study, the remote sensing method was used for highlighting alterations for a wide
area between the Indus faults in the east of the study area and the Talkhab faults in the west of the study
area, and phase fusion was used, which made the size of the study area unique. In this study, two Aster
images and the band ratio method, principal component analysis, and spectral angle mapper were used
to determine alteration zones. The remote sensing studies conducted in the area resulted in the
identification and differentiation of various types of alterations, as well as faults and fractures, which
correspond with the geological map of the region. The two methods of band ratio and principal
component analysis demonstrate higher accuracy compared to other methods employed in this research.
Studies have shown that the Indes, Tafresh, and Talkhab faults, as the main structures of the region, play
a key role in controlling and distributing hydrothermal alterations. These faults have created alteration
zones along their length by creating pathways for the movement of hydrothermal fluids. In particular,
the Indus fault, as one of the main faults in the region, has a significant impact on the distribution of
alterations. By creating numerous fractures and joints, this fault has provided suitable conditions for the
infiltration of hydrothermal fluids and the formation of alteration minerals. The relationship between
faults and the ascent of hydrothermal fluids significantly affects mineral and geological alterations. Faults
can create facilitating pathways for the movement of hydrothermal fluids. In general, the interaction
between faults and hydrothermal fluidsleads to the formation of extensive alterations and the formation
of new mineral resources.

Introduction pyroclastic rocks, with older Triassic dolomites and

This research investigates the relationship between Jurassic-Cretaceous sediments. Previous studies lacked
fault lineaments and alteration zones in central Iran's sufficient high-quality satellite imagery for accurate
Indes-Telkhah fault system (between Saveh and Arak). alteration mapping. The study uses two ASTER satellite
This area, part of the Alpine-Himalayan orogenic belt, images and applies band ratio, principal component
shows diverse geology, mainly Eocene volcanic and analysis (PCA), and spectral angle mapper (SAM) to map
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alteration zones and identify associated minerals. This
builds on prior research using various remote sensing
techniques for mineral exploration, including the STA
algorithm (Case et al., 2016), multispectral ASTER and
SAR data (Petrovic et al., 2008), and ASTER-based false
color composites, band ratios, and least squares
regression (LS-Fit) (Esvand et al., 2012). The aim is to
correlate extracted lineaments, their density, and
alteration zones via remote sensing, improving porphyry
copper deposit exploration (as these are often associated
with hydrothermal alteration.

Materials and Methods

This part of the paper describes the use of remote
sensing, specifically ASTER imagery, for lineament
extraction, focusing on fault mapping. The authors
highlight the utility of remote sensing in geological
studies and mineral exploration. They emphasize Band 1
of ASTER imagery as optimal for lineament extraction
due to its superior optical quality and high variance,
confirmed by principal component analysis (PCA). A
directional filter is applied to enhance lineaments
oriented in various directions, specifically on the near-
infrared (VNIR) band, a technique shown in prior
research to improve lineament identification and
differentiation from adjacent features. The overall goal is
to leverage remote sensing techniques to effectively map
geological structures, including faults, using ASTER
data and image processing methods. All chemical and
mineralogical changes that occur in rocks under the
influence of magmatic and hydrothermal fluids are called
alteration.

Image processing methods Researchers have used
various image processing methods such as band ratio,
uncorrelated stretch, principal component analysis
(PCA), spectral angle mapper (SAM, supervised
classification method), etc. to determine different
lithologies, structures, alteration zones and highlight
mineral minerals in outcrop areas. We employed band
ratio, principal component analysis and spectral angle
mapper methods to determine alteration zones and
highlight different minerals (Attarzadeh et al., 2018).

558

Results and Discussion

This study, using remote sensing methods and satellite
image processing, investigated the relationship between
the Indus, Tafresh, and Talkhab fault zones and
hydrothermal alterations in a region between Saveh and
Arak counties. The results obtained show that the studied
fault zones have played an important role in the creation
and distribution of hydrothermal alterations in the region.
These alterations along the main faults and fractures
create a vulnerable region that creates the influence of the
earth's structures for the development and spread of
alterations. In this study, various satellite image
processing methods including band ratio, principal
component analysis (PCA), and angular mapping (SAM)
were used to identify and distinguish alteration zones.
The results showed that both methods are more accurate
in detecting alteration zones than band and (selective)
principal component analysis, and their results are in
significant agreement with each other. These methods
highlight argillic, propylitic, and phyllic alteration zones
more accurately than the location mapping method. The
location mapping method identified locations with high
accuracy, but the alteration ranges were smaller and more

limited by these methods. The studies show that the

Indus, Tafresh, and Talkhab faults, as the main structures
of the region, play a key role in controlling and
distributing hydrothermal alterations. These faults have
created alteration zones along their length by creating
paths for the movement of hydrothermal fluids. In
particular, the Indus fault, as one of the main faults in the
region, has a significant impact on the distribution of
alterations. This fault, by creating numerous fractures
and seams, has provided suitable conditions for the
infiltration of hydrothermal fluids and the formation of
alteration minerals.

Conclusions

Remote sensing studies conducted in this area have
identified and distinguished the types of alterations.
Performing different methods revealed that the two
methods of highlighting the principal component
analysis and band ratio have completely identical results,
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but in the spectral angle area mapping method, the
obtained alteration zones, although they are in common
with other methods, only the parts where the processed
mineral has a stronger presence are highlighted as
alteration zones while band ratio and principal
component analysis (selective) have higher accuracy.
Remote sensing studies conducted in the area have
identified and distinguished the types of alterations as
well as faults and fractures, which are consistent with the
geological map of the region. Using GIS software, it was
determined that the linear arrangement on faults with a
northwest-southeast (NW-SE) trend, which are on
Eocene volcanics in terms of lithological units, indicates
that it is better to use the band ratio method and
(selective) principal component analysis to investigate
fault connections and alteration zones.

Attarzadeh, R., Amini, J., Notarnicola, C., Greifeneder, F.,
2018. Synergetic use of Sentinel-1 and Sentinel-2 data for
soil moisture mapping at plot scale. Remote Sensing 10(8),
1285.

Case, A.A., Tin, G, Ni, C,, Zhang, S., Liu, C., Yan, Y., Li, Y.,
2016. Lineament Length and Density Analyses Based on
the Segment Tracing Lineament Length and Density
Analyses Based on the Segment Tracing Algorithm: A
Case Study of the Gaosong Field in Gejiu Tin Mine, China.
https://doi.org/10.1155/2016/5392453

Esvand, S., Haj Sadeghi, S., Tabatabaei, H., 2012. Application
of ASTER satellite data in identifying and distinguishing
alteration zones of industrial soil indices in Markazi
Province, 16th Conference of the Geological Society of
Iran.

Petrovic, A., Khan, S.D., Chafetz, H.S., 2008. Remote
detection and geochemical studies for finding
hydrocarbon-induced alterations in Lisbon Valley, Utah.
Marine and Petroleum Geology 25, 696-705.

References ;
https://doi.org/10.1016/
CRediT authorship contribution statement
e A
Writing - Original Draft, Methodology,
Software, Formal analysis, Investigation
Fatemeh Ghoraeian
g
' Supervision, Conceptualization,
< Methodology, Validation,
Reza Nozaem Writing - Review & Editing, Resources
a Methodology, Software,
. Formal analysis, Writing - Review & Editing
Somaye Rezaei
@b Writing - Review & Editing, Validation
Abdorrahman Rajabi
Writing - Review & Editing, Validation
\Amrr Taghavi y



http://dx.doi.org/10.22034/KJES.2024.10.2.102102
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.2.12.6
https://gnf.khu.ac.ir/article-1-2930-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.2538449.1403.10.2.12.6 ]

[ DOI: 10.22034/K JES.2024.10.2.102102 ]

YAM VPN Sy U LS YOYA —FFAX sl LLs OAY B OOV amio VF+ ¥ olis) 5 5L oF o)leds ) - al>

Research Article
OPEN (= JACCESS

Kharazmi Journal of Earth Sciences
Journal homepage https://gnf.khu.ac.ir

o] (LS (sla Ay (69590 axdllae (w90 B Sigy b (S (sbd Ay b Slw S S bl b))
&3 o plwl yo Olali g (45—

"o ol ooz oo o T s Ls ) don Meue 90 Loy ) L1 ,3 aobols
Ol 0o 5 oS cpsle HEASES ¢ plid (e suSils )

Ol gt sy 3 oKiils pole 0uSiils ( wlid (rs 05,5 Y

Olnl Ol S (Gome SBLASST g (uilid o) Glojle ¥

ol alio OledMb|
g B b glgl SIS 4 g o0 a5 8l Same Bbln 5l o)l paid gl 603 4 jazie Sllg (Aster) JFERTES W Jlo azx rS ',')U

olibime) plaasie &5 ool del oaizin cnl glowily Gl 5 (Al (slss) 0,5 o)Ll puilidiree; Slalllae yo Lo gl S0 g5lai)e AV FvALF il

59 Gute Oladllas oS oolaiwl by Slo 5o (g3les)l 5 9 diwd gaim slls a5 Sase olge Oldllas jo il sdizuiw 5l 9> 4 aleny VEY-ANY b mdy
ald g0 a4 owlidpme) 5,00 paids Jgere Sllas plol 5 (o yiwsd Gl Bl 51 a8 geis ) gl)ls Some 3blie 5 (5,00 paids ais; Gl slaojlg
oaizies SWIR lasil 5l eolail b o Sles 5o g5k, jeaie 40wl ooy plosil csl g jlgenl (slolwnsS s92g Judo 4 ol o -] S ay,
ashain gl 590 5l o (hg, 5l e Sle 8o (o3l b 5o aiss ol jo il onpn ;) Cud 4y (godmine Dladod (pgal (B3I 5 sla g, g il ol JuS o 8

o (nl adlate g oS ool o3litul (5318 58l g anlllae 3590 03g05me )8 ;0 DL 5 e3game (35,0 55 el sle S il g
Ome Sl ik agly o pands g (Lol slaadlge LT (sail o by 5 sl pgeal 50 5 Gl )0 sl 00,5 358 4y paie |,
LB a5 0 oSS 5 b S 3 5 bysmal ] gleil i 5 Slolid Sl ond ol slo by, sl 0 eolitas] slu 55 slogss;
ol o oad a8 S 5 @ gla by, plo & Cond () ol slaailse 5T 5 (il S i) 50 0l Cillas dibate cwlidiires
oelS 5 e Lol ol ety DS 5 i e sl 45 8l L Uy o 1o, 5 5V S8 5l gy
slazel 5 Sl )Ts slosyss sl el (oo EVlas 5 o gl b yas o] b IS ol il e (slo Sl 5o quisi 5 JyisS o
Sl b JuS ol 2o oSl 8o @5 5 s JB b wibie Lol Gl 5l (o sty Guan) JuS el 4 o g5
Y 5 S o byl sl 08,5 @) il 55 sl 15 LS5 5 ooy SVl 3985 (5l 1) nmlie Lapl coinio sl o 5 o K2kt
Joteess 5l e i oo B 0,35 o 3B cwlibionn) 5 idas slailo S0 555 2 255 B 55k & oS slasls el
g 03T lagsle S5 62T USS 4 olo S ladslore 5 S o BB (IS 55k a8 sbnl ol )5 sladslne &S > (sl (sloniss

Gl s oSl Glide slaygy » Jeitie Olnl (ee) doddio

DOI http://doi.org/10.22034/KJES.2024.10.2.102102
NOZAEM@UL.AC.IT aue 590 Lo, 1] ghomnd 0k gt

650 axlllas o i js0 sl sbs, b e slo aigy b Sl s Sl L3, ol OV F ) ool g oo e atbd ooy epws 3o b eolili o o3 s SLou
BAY B 0OV amio X olad O ale il e psle dbme oS oliel e Ol 5 aae Lean Sl gy

@ @@ http://doi.org/10.22034/KJES.2024.10.2.102102


http://dx.doi.org/10.22034/KJES.2024.10.2.102102
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.2.12.6
https://gnf.khu.ac.ir/article-1-2930-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.2538449.1403.10.2.12.6 ]

[ DOI: 10.22034/K JES.2024.10.2.102102 ]

o9 G e, b (LS sle A b Sl S S bl o)l

RUL VPRIt

" lgxe b slllie o (Esvand etal., 2012) o ,Ken g Sgune

ol Gl 50 Bble SISE g (alalid o il slojlaale 518
loil calizee slabs)" 3550 Ol jo gaie S glo
(Band Ratio) sl s « 55, 035 oS 5 Jud 51 ey gl T
ssbal oy (LSFID oad (50 85 Slasye el b9 5
Gl ST 5l oolainl b culys jo ailes ST Jlesl |y il sosoriw
ol adtine >lgi cpl 0 )T asie o So sldle ( Sile
bl it Cudgl bl anly (oo BLasST gany Jolpe 5o
Gl 0o s olyen patie Sl L Jyene b 4 a5
S b eanl LS aibole o g adlaie Sl ,Ss bLS | hag
~o)lshas (rm LLI ) ales 50 B %S (o0 )13 (o 590 W)l 18
255 3 i SaS 4y Gl ySo s il o515 e 5 (S o
(b S By, 9 Sl pgal 99 5l Baiod cpl 40 09 atuie
SLss ot Sln b agly Jlopasis 5 Lol sleadlse 3L

el o0 ool Sase slge gla SIS g5lasl 5 Slus,S

axllio 890 adilaio owlods (o
s s YOOL YFO Yo lape o anlas 5,50 adlais
w Jlas 51 g () USB) 0 s 5 5,5 8- OF- b FRO Yo gla Jobs
Sgazme o s 5 Okl intensd loseed & st 5l g ogle 0
Oy 510 g 009 S des slep g O )l ddlaie 005
2LS Gidsr » (0 Criz oyt S 4 Lol all o Sl ol
Wy, b addllas 850 dslain o il (o) o505 05 oo 08938l
FEdang)l leSlo iy Sl (252 (Brb oyt Jled (agee
od9aze IRl JuS 4 5p0 5l g el JuS 4 )8 5l g 00

D9 s

N

el ooled o cety 1) () 58 Jole 5l Slovuzmy axdu b
5 b 95 5l 6550 olpl oSl it slagygs e
ol e B pelS oy 5l 008 g goiie Sl (oulidans
5 ol o oS 5| s 5 5 il S azge el 1
B ogles cologylins yged hols am 45 sl 55 olomyl oy o 3530
3l esgame cpl Wlaid 5513 5,0 e -8 Jled g, b ST
@ bggeis; i o5 Cwl Jloyesp ok ol Saw g5
sloggeis) o oyl 3l ugl @lsl,3 5 GlaassT S
2yl 455 5 Sl Sy 5 ol 5 Sl upashys S gasad
3 pY CoS (LB oud bl sla ils s g Oldlas clbls 4z
b byt e syl el 4l |y La s 55 5ds glulis
B i35 S5 4 T & sy e S (sla e 5 5l el
D (o) 2

15 59 5l Ui 31 ooliial jslate a4y (g )l Slalllas 55
55 ool LS gy b S Bl 5 ane LS ol
bl ey sl LSl zl el 4 Oldlas ol 5l (&5 5o ool
oony ek Sldllas plowl & K08 (B0 )3 9 (P90 S5 &
Sl oals a0 5 Jaxe 8559 Sl ¢ b, 50 3blie
zl el sl (Case et al., 2016) Koo 5 oS Gubi>s o
dilaie ;o .ol eolatwl STA 0,65 51 slojlsale polas jo bglas
Ol s g 00 gl ySeinl (glaolghas o (G oyl o axlllas o )50
Petrovic et al., ) |, Ken 5 Sgg,0 cuils sg9zg alal, Saxe
& bl eols (ASTER) sl abosz a0 5l Lioew (2008
03 5 4 JlwSs Jae Jdow Bua b, wcads 5 (SAR)
sk 5l osliial b ouds Glo )T sblie ai sy ol , o

sl 00355 4245 SAR ools 5 (ASTER)


http://dx.doi.org/10.22034/KJES.2024.10.2.102102
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.2.12.6
https://gnf.khu.ac.ir/article-1-2930-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.2538449.1403.10.2.12.6 ]

[ DOI: 10.22034/K JES.2024.10.2.102102 ]

o9 G e, b (LS sle A b Sl S S bl o)l

Ohen 5 o)L313

Structural Map of Iran
50: £ SS"E

—ao g

38"

30

25"

m
o
m
@
m
@
2
m
/ 25°N

CIGS, Central Irznian geciogical and
structural transition zone
E, East Iranian ranges
K. Keoeh-Dagh
KT, Khazar-Talesh-Ziveh structural zone
L, Lut Black
0. Ophiolite belts
P, Posht-e-Batam Block
M. Makran
$8Z. Sanandaj-Sifan zone
T. Tabas Block
CM. Ceroz0ic magmalic rocks

Post-Eocen

Eocen

Farmahin A

49° 45

UDMA, Unumigh-Dokhtar magmatic arc

¥, Yazd Block
Z, Zabul srey — Faull H
Za, Zagros fold and thrust belt & ‘g

NN ENENNEEENN BN

Quaternary sediments
Hezardarreh Fm.

vy
Upper red Fm.; Marl,

Qom Fm.; Marl, limeston, sandston, shale —w—> Syncline
Lower red formation Concealed fault
diorite,
Ignimbrite ==l i
ava & —aA___  Thrust fault
Sandstone, mudestone marl & lava —in—  Strike-slip fault

Piroclastic deposits and marl
Metasediments L Figures in the text
Sedemintary rocks & Shotori dolomite [ 5

10 Km

(Aghanabati, 2004 .L.!  Rajabi et al., 2015 ;I Lolz8l) o bl 6 ksl slbayy asd o Sllllas sogose Caxdge (@ -) JS

.(DaVOOdi, 2020) ‘SYL&]Uaao IRTRC Y asias ) Lb].e,ul Ca.uds.a (b 9

Fig. 1. a) Location of the study area on the map of Iran's structural zones (adapted from Rajabi et al., 2015, based on Aghanabati,
2004). b) Location of the cities within the study area map (Davoodi, 2020).

gy a5 casl alis L oonl$ sliee & Transpression
5 0bise Jleel cgog0e 5 8l Vgora cany 9o slin; 5o (s )led
S el (395 o0 ey sl olmlr 5 SO s 4 e
Jlods Cannd 5 LSl (S o] (B8 ootz Coond Gl
@ s Cand 5 ams e L | GbS Rl (Shy ol 28
asgozme (S gk .m0 o ylii |y gl o B Jlad ail> sla S5s o
Gyl s wojail Slaassl glsw Jols x50 —dg)|
OISISIS ¢ g (laSle (g o b Sadsny 5 il (S il

L oS conl dgdgd e job 4 g ey I g8 QST

OFY

Sl (LS 5 6550 olnl Jleb )5 asdllas 550 adlaie

ObeS) 95 a9 8 soTng (pleSlo (laS 0 )ls )] 3 25o-aes)
Olrl G B el 0y sz 4l (H30 —ag)l oS
ol JSas )515 5,0 b3 s5lge g yeskSVO - Jsb 4 (555 e
D55 it 5l 5 005 ol e 425 S o lsan 45 S
Collad Ll A8 18 axg 090 i ( SHESS g olSle
5 4wli,S mgael T ol3m58 cdled p Gabate 42U nl LS

Looonladly ogly A)Ladly (SEess ampes S


http://dx.doi.org/10.22034/KJES.2024.10.2.102102
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.2.12.6
https://gnf.khu.ac.ir/article-1-2930-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.2538449.1403.10.2.12.6 ]

[ DOI: 10.22034/K JES.2024.10.2.102102 ]

o9 G e, b (LS sle A b Sl S S bl o)l

RUL VPRIt

Sleassl agy Jsb o 2Ser o5 cl (] Sl (lidics,
Sl salolael slaallS (nl (69, 2 odes ol 4y 233 - dey)|
g g0 Shgane
OleS (655 yo Ceond 5 Sloe 2303L 5 slojlsale yglas Jolo b
S sy oo B A 3,8 4l )0 gEe-aney)l oSl
Collad 53l Co g 009 (s 03l cnl 5 5 4l al 3]
azs ¥ S (Taheri et al., 2017) wlas 5,13 o S

Ao oo lid 1) dalllas o 50 00game  cwlid o)

oY

c‘).a& ‘Su)...o...j.v‘ le.ﬁbo)lu\f 4.;‘5) 9 ‘fjlf] ).....M...u le.bw%j).u
Bble S 50 00d,S3 acgeme (Aghanabati, 2004) ssloas
-0 &b (0,009,590 y00 Slaesgs 9 STl b b ,a5 alesl
le.:eJ.wf Q.i‘ 9 WLofLo QL..A c\.]aa.b L u.._um L?)‘-’ ..\;5.,..;
o 1y il g asls axgs 250 — anes )l SleSle lgs yo sadolasl
oilygd sl ol sldle a5 Wakine glode aS 5 gbas cilos,S
Aol 50 655 50 Olpl sty 2 4 (B8 owgll Jhuwgnd bl
gy goalS Glily 0« Sdgjeie sl B SKdge5e

9 ‘5\.>L..uu~c) 6[.%‘5.0)]) Cw! o..); 4..;5) 4.,......\5.) B ‘OMOL).


http://dx.doi.org/10.22034/KJES.2024.10.2.102102
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.2.12.6
https://gnf.khu.ac.ir/article-1-2930-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.2538449.1403.10.2.12.6 ]

[ DOI: 10.22034/K JES.2024.10.2.102102 ]

o9 G e, b (LS sle A b Sl S S bl o)l

Ohen 5 o)L313

34°46'30"N

RN

T
49°40'0" 49°50'0"E 50°0'0"E 50°10'0"E 50°20'0"E
3 P 0 5 10 20 30
1| - B a wam—  Km
s N
I E6l, E6I-Gray to K2m, K2m-Light
A M, MRed ) red,sandy marl gray,globotruncana-
[~ marl,interbeded with nummulitic be... marl
sandstone,cnglomerate
and gypsum
|~ ES, E5-Green 4 K2l, K2I-
Ladal s tuff tuffaceous o Grey,sandy,glucon...
- S | Mav: Mav- sandstone shale,marl,...| & I|mestone,cgma|nlng
A - s C“amft"e‘b?"f_‘tg and gypsiferous marl = exogyra-an
s Soe asanite, andesite =
and tuff E5I, E5I-Organo- = KII, Kll-Limestone with
—— 4al  detritic,sa... marl 6 orbitolina and rudist
28 -, OMgq, OMg- nummulitic limestone
“! Marl limestone.s... ‘ Kic, K1c-Red
and gypsum - ESr, ESr-Rhyolitic conglomerate,sandsto...
sandstone and dolomite
] Qal, Qal-Recent OMgm, OMgm-Marl E4, E4-Rec-
alluvium with few [ brown, tuff, marl and
> Qc, Qc-Clay flat(clay and intercalations of limestone Jss. Jss-Mainl
% silt) = limestone and v brownish sand);lone
é z sandstone Edr, E4r- =
& Qt2, Qt2-Young terraces 3 Brownish,rhyolitic 17 v Js, Js-Dark grey
g (an lgtv)ver gravel fans 3 OMgl, OMq| and andesite lava § #/] shale,sandstone
as| . 5
2 % ___|Limestone with few % E3I, E31-Organo- .:, JI, JI-Limestone, dolomitic
O |at, at1-Oid terraces and | 5 intercalations of marl | &= detritic.gra J limestone
higherigravel fans 8 Iimesic;rgle \;\}ith
Qtr, Qtr-Travertine DOMQS' OMgs- = nummulites z
Qonglomerate,s... o I Mc, Mc-Grey,coarse
limestone and sandy E3m, E3m- Q pebble conglomerate
marl [ IManjintercalated with = Ms, Ms-Dark red
*/Plm, PIm-Marl ts‘:‘;'ex"mesm“e and g B |,/ 5w conglomerate
=} o b Mm, Mm-Red
4 S =
=] B o = marl,sandy
& " with intercalations of E% Egigrtﬁfg — :- marl,sandstone,gypsum
sandstone and clay E6, E6-Dark gray to & d'iment‘ary = and conglomerate
=~
redroclastics differait rocks limestone shale & W Mg, Mg-Gypsum
= ggmposition’ and mart
texture,andesite
basaltic lava E2, E2- - gp, gp-Pyroxene gabbro

MIOCENE

[E5 Ng1v, Ngtv-
Pyroclastics,and... and
basaltic andesite

EOCENE

- E6a, Porphyritic
andesite and basalt

I Eg, Eg-Gypsum

Ignimbrite, rhyolitic, ...
and intermediate to
basic lava

E1, E1-Basal red -

marl and sandy
limestone

yellowish,conglomera...

- d, d-Granodiorite-diorite

l b, b-Dyke:a-acidic,b-
inter...

EE VYO e aii el b adlate ot Kiw g oawlidpae 4l - JSS

Fig. 2. Geological and lithological map of the region taken from the 1:250,000 map of Qom.
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Fig. 13. Statistical file of the selected principal component analysis method.
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band ratio method (right image).
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Fig. 17. Highlighting (a) argillic, (b) propylitic, and (c) phyllic alteration using the spectral angle vector mapping method.
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Fig. 20. Outcrop view of sulfide mineralization (mainly pyrite) (a) and malachite (b) along the region's faults in micro-diorite and
quartz monzonite with argillic altered rocks.
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Fig. 22. a) The correspondence between the fault map of the region and the result of the alteration highlighting using the spectral

angle method. (b) The correspondence between the fault map of the region and the result of the alteration highlighting using the band
ratio method.
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