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Digital image processing for lithological and alteration
mapping, using spot multispectral data. A case study
of Pariz area, Kerman Province

By: Dr.ILRanjbar® , Dr. G.5.Roonwal®** and Dr.K.V.Ravidran®#*
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Abstract

Pariz. arca is chosen as a test ares to evaluale remote sensing data and application of these duta in exploration. Eight
known mineralization sites were chosen in the area, which have mainly porphyry type mineralization. SPOT images in X8
mode are used to study geology as well as hydrothermal alteration in the Panz arca. Here, soil and vegetation cover is
substantially poor. Different approaches such as band ratioing, principal component analysis, 1-5-H, decorrelation processing,
digital filtering and hybrid composite were used to enhance the diagnostic features associated with the lithologies as well as the
hydrothenmal alteration. Color combinations of the principal components, I-3-H transformation and 2/1 ratio have proved to be
the best image enhancement techniques for geological studies in such areas. Lineament analysis has shown that the areas with
known ore occurrences and also the hydrothermally alicred areas, are closely associated with the higher phatolincament factor
values, There is also a good correlation between the geophysical and remote sensing dala in the area.
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1-Introduction:

Terliary  porphyry deposils in Iran are important source of Cu,
Mo and  locally Au. Mast of known porphyry Cu deposits are
located in the Central Iranian  Valcanic Bell [Urumieh-Dokhtar
magmatic assemblage of Alavi, 19%4), and are aligned parallel lo
the Zagros Thrust Zone and to the prevalent for axes in the area
(Bazin and Hubner, 1969; Jankovic, 1977 and Forster, 1978, Fig.
1), The magmatic processes and associated mineralization in this
belt are thought to be related either to subduction aleng the
#agros Thrust Zone (Forster, 1578, Alavi, 1980, 15594; Berberian
et al, 1942; Shahabpour , 1982; Shahabpour and Kramers, 1987,
or Lo & it sertmg {Amidi et al., 1984
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Most of the porphvry depasits exhibit a well-developed
zenal pattern of mineralization and wallrock alteralion that can be
defined by Troad variations in majer oxides and trace element
conecentrations  (Govett, 1983, Jones, 1992) These elemental
compositions in tum reflect vanalions in minerslegicsl com -
position of  the altered 7ones. Most of the hydrothenmal alteration
processes produce clay and other silicate minerals (e.g., argillic
and phyllic zones). Supergens alteration resilts m the formation of
exlensive iron oxide mincrals, giving charsclensile vellowish or
reddish color to the allered rocks. These alleralion mincrals can
be detected by remote sensing technigues (Abrams etal., 1977,
Abrams et al, 1984 Buvkmbham and Sommer, 1983; Elvidgs
and Tyon, 1984 Amos and Greenbaum, 1989; Drury and Hunl,
19397,

Altheugh SPOT bands are highly correlated, principal com -
penent  analysis and [-H-3 decorrelation processing give excellent
results (Gillespie et al., 1986; Jaskolla and FHenkel, 1988). SFOT
data has boen widely used for geologics] studies (e.g lyberis et
al., 1990 ; Huger et al, 1991; Mekamia and Chrowicz, 1992,
Yeson e, 19937 Trefois et al, 199 Alizal, 1997, Ganas et al.,
1997 and Deroin ¢t al, 19987,

A SPOT subscene 13 chosen wnhich covers the Pariz area,
situated southeast of Eerman City, to evaluate ils potential for
litological mapping and mineral exploration in the semi-arid areas
of Central Iranian Volcanic Lelt. The area has a mountainous
topography  and the climate is tepical of continental and semiand,
with vegetation cover consisting of low shrubs and bushes with
opasional trees in the mountains, along the streams  and near
setllements, Given the relatively  poor soil development bat
abundant outcrop in this scemi-wid area is suitable for applyving
remole sensing techniques for peological stmdies. There are cight
parphyrics and vein type base metal mineralization in the area

which are chosen as ground control sites for the present work

2-Geological setting:

The detsiled geology of the Pariz area is given by Dimitrijevic
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et al. (1971} and GSI {1973) The arcs is also studied by Navai Table [A: General statistics for Pariz subscene
and Mehdizadeh - Tehrani (1994, Fitcher et al., (1994, Ranjbar e e
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The voleanic- sedimentary rocks of Eocene age are the oldesl
rocks in the arca represented by pyroclastics, pyroxene trachyand-
csiles, pyroxene  andesite, trachybasalts and and-vsites. The
sedimentary tocks in the voleanic- sedimentary complex are
mainly sandstone and less frequently limestone that has very B:Variance- covariance matrix for the input mueliispectra] bands
subordinate  development in the area, The Eocene volea- mic

sedimentary rocks are intruded by Oligocene- Miocene pluto -nic | WS w52 ¥53

racks  thal comsist of mainly granodicrile, quartz- diorite, . e
' ] XST |149.35

monzonite, tonalite and granite (Fig. 10) - The voleanic rocks in W52 179 64 162 15

the immediate vicinity of these mtrusive are widely metamarp- X83 | 1004 128.01 FOe.62

hosed and altered. Most of the plutonic and veleanic rocks ane

hydrothermally altered and at places they are mineralized. C:Correlation matrix Tor the input specteal bands
Argillization, sericitization and  propylilization are the  most | XS &2 \S3
commen type of hydrothermal alteration in the arca. The Neogene
; : . N XHl | i
sediments vonsist of mainly loosely  consolidated, unsorted and xs2 023 | 06
poorly stratified conglomerate and sundstone averlying the Eccene NS4 .20 097 L0D
voleamic- sedimentary rocks. Caleareous lemmaces, dacitic rocks
and rzcent alluvium are the mani Qualernary features in the arca. B:Variznce- covarianee matrix for the input muoitispectral bands

Tor the fnput mubtispeciral bands

| Spectral bands [PCL  TPc2 T
| X851 L2635t fodl TS
3-Data and methodology Xs? = (6 040 | -6
N&3 I . 1 -0 0oy
A SPOT subscene in X5 mode (path 162, Raw 290 on 18 | cigenvalues IELEG (33wl | 323
. h ) | Percontapc of vanignee . | 91053 7 N7y
June 1986 at  10:38:26 local time) 15 used for the present wiork. e M R !
Image processing was aimed al enhencing the contrasts related
with lithelogies and hydrothermal alteration . MIPS-32 image
pracessing soflware hus been used for the present work f¥or discrimination belween different lithologies as well as

discrimination between altered and unaltered rocks. Band ratio 2/1
erhances the intensely altered rocks. This is due to the higher
reflectance of altered rocks in band 2.
4-Discussion Intensily- Saturation - Iue transfonmation is ene of the best
image enhacement techniques for this area. The Inlensily image

The three SPOT bands are highly correlaled (Table 1C). that shows Lhe lotal albeds is enhancing the sllered rocks
Therefore not  much of information cun be extracted from either However the FCC of -5-H in red, preen and Blue respectively
the individual bands or therr false color composite. Several band enhances the lithological boundaris and also Lhe aliered rocks can
ratios have been tred out, aiming al cnhancing the spectral be differentiated from the unaltered ones. The intensely altered
differences between different ground features. The color ratio rocks appear i shades fo yellow and the arca correspanding to
composite of 1/3,2/3 and 21 showed the best color combination the propylitic wone, appesr in shades of red in the volcame-
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sedimentary  complex. The alteration halos around Darrehzar and
Sar Cheshmeh deposits are quite ¢lear (Fig.2)

Principal compenents analysis of SPOT multispectral duta has
a good ‘putentia! for enhancing 1he spectral varation associated
with the aliered and the relatively unaltered rocks, The firsl PC
image contains 91.33% of the total variance in the criginal data
respectively (Table 100).  Principal component immages are
genersted, using the ¢igenvector loadings of Table | and the
procedure given by Dwivedi and Ravi Shankar (1992). Every

picturg element has been transformed by -

I, =-051x] -064x],—-058x], Table 1

i

Where [, is thenew brightness value and I, 1.1, cotres-

pond to (he three spectral bands of SPOT. Essenlially, it is a point-
wise weighted summation of the three SPOT spetiral bands.
Similarly, the second and third PCs were computed using the
following projeclicn:

I =041x1, +040xi, -081=],

1,,=075%I,-0.65x1, +0.07x1,

Tn order to explore the potemtial of PC transfommations for
delineating  alteration zenes, false color composite of the three PC
images is generated. Fig. 3 shows the FCC of principal
components 1 (red), 2 (green) and 3 (blue) of Parlz subscene. The
highly altered zones associated with argillic and phyllic zones
appear in shades of green (e.g., Areas around Now Chun, Sar

Fig.2 False color composite of Pariz area, prepared by combination of intensity, saturation and hue images.
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Fig. 3 False color composite of principal components-1, -2 and -3 images. The PCimages arc generated based on the

eigenvector loadings of Table 1D. The rectangle outlines the area of Fig 2.
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Eluh, Hoseynabad, Sar Cheshmeh and Sarbagh). The sedimentary of surfacial weathering . The while color and fine surface texture

rocks in the south of the aren also appear in shades of green, of cale-uffa  in the northem part of the ares impat highest
owing to the [el thal, the major matenals for these rocks are percentage of albedo due to which they appear dark green in
derived from the intrusive and dacitic rocks which have signature principal component FCC mmages.

4 Cepper demoaiy [ |

Fig. 4 A: Fulse color composite of Laplacian fiitered image of Pariz subscene. The linear features are enhanced in all

dircctions, B Raw photolincament data for Pariz area as interpreted from the liltered SPOT data.
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Band 2 image of Pariz area was edge-enhanced by different
asymnetric sobel directional filters in different directions:

noo-1 -2 S Y N 1)
1 il =1 and -1 ﬂ
2 1 0 ] 1 2

which cnhence the lincar features in the NW-SE and NE-SW
directions, respectively.
Laplacian edge cnhancement filter with kerpel -1 0 -]

n 3 0

S I
was ulso used to enhance the linear features in all directions (Fig.
4), Lineamenis as small as 100 meters can be enhanced by these

images, The lincaments' main dircclions are shown in Fig. 5,
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Photolineament factor method was used for analyzing the spatial
distribution of lineaments and their possible application in minerzl

exploration. A modified version of the method suggesled by

Hardcastle (19933 for analyzing phelolineaments is used here. A

grid with cell size of 22 kms was superimposed over the
lincament map and each parameter was caleulated from the
respective cells. The photolineament factor value is calculated
based on the following oualicn

PF= atbrictd

Where '’ 15 number of lineament infersections in each cellfaverage
of the area, 't is number of lineaments in cash cellfaverage ol the
are, ' i3 number of major lineament dircctions in each

cellfaverage of the area, and 'd ' is lineament length in cach cell/

@%@ﬁ@@jﬁ eyt

average of the area. The PF values are then contoured (Fig, &)1t
was [ound that the areas with known ore occurrences and also the
areas of highly altered rocks are closely associated wilh the higher

photolineament [actor values.

A Copper deprst
o Fo-Zn mineralizztion

=== i ——]
o A000 plesisl 15000 20000
meters

5-Field and laboratory investigation

Several field points were chosenand checked to verify the
interpreted  duta, All valcanic and  intrusive rocks which are
mtensely by both hydrothermal and surface processes have a
whitish to vellowish appearance in the field. These areas are well
depicted in the FCC of principal components in shades of green.
The areas with propylitic alteration that appear in shades ol red in
the [-3-H image have a gresnish appearance in the ficld

Lithological contacts of the sedimentary rocks with the
voleanic and inftrasive rocks are quile clear, though at places it is
difficult Lo decipher the litholegical contacts between the intrusive
*and the volcanic rocks inthe field, due to masking effects of the
hydrolhermal alteration. Apart from the examinalion of selected
samples for lithological and clay minerals determination, swrface
reflectance of [ew samples from different alteration zones wene
mensured by spectro- radiometer with specrtal ranges of 0.5 to 1.0

um. The speciral reflectance response cwrves drawn [or few
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Fig. 7 Reflectance Spectra of the altered rocks from the Darrehzar deposit.

samples collected  from the Darrehzar ares shows that the allered
smnph:s-fmm the phyllic zone have absorption band sround 0.5
and around 0% um (Fig. 7). Considering the earlier published data
feg, liunt et al, 1978) the shape of the curve indicales the
presence of ron oxide in the sanples.

The altered areas in the imuge are verified, using the available
geophvaical dala Pitcher et al {1994) have developed 4 model
called “porphyry picker” based on analysis of geophysical dala.
The methed includes a series of mathematical caleulations which
involves: (1) removing base value from each data sel, (2)
pormalization of each data set, {2 multiplication of magnetics and
apparent resistivity values by- 1 and addition of + 1, (4) addition
of data set together and then normalization of the resulled values,
The processed data for the Sar Cheshmeh and vicinity is given in
Fig. 8 Comparison of Fig. & with Fig. 3 reveals that the alterad
areas such as Darrehrar, Sar Cheshuneh, Sar Kuh and Now Chun

are closely related 1o the Jower magnelic and resistivity and kigher
] 21 ;

¥ -ray data. They have a good correlation with higher porphyry
picker wvalues too. Allerstion and geological map of Pariz anca-
prepared based on the available literature,  inlerpreted satellite

data and fow ground cheecks (Figs. 9 and 10).

6-Summary and conclusions

In the present study SPOT multipectral data has been
uzed for oblaining peological dala as well a5 recognition and
dizcrimination  of different alteration types, in the Panz area {with
several known  porphyry copper deposits) and Lo cevaluate its
potential for miners' explorstion in semi-arid region of Cenlral
Iranian Volcanic Helt.

The combination of image inlerprelation, field and laboratory
investigations of sclected samples collected from the altered zones
and the resulls of the previous geological investigations, have
greatly enhanced the reliability of SPOT data as a potential Losl
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for expleration of the porphyry copper deposits and geological
in Lthe Pariz area. The digitally enhanced data of SPOT in
H8 mede shows that I-8-H decorrelation transformation, principal

sludics

component  analysis  and band ratioing (271) are best image

ephancing techmigues  for  geological mapping. Due to a good
spalial resolution,

EPOT data for cohancing  the lincar features as  shaort as 100

various dircclional Ollers can be applicd on

melers. Higher phololinesment factor value is roughly associated

with mineralization in the Pariz ares.
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Fig. 8 Pole reduced magnetics, resistivity and potassium radiometric data for the Pariz area (see Fig. 3). The interpreted map

{porphyry picker) is showing the arcas with polential porphyry Cu deposils, In all maps red represents the higher value and

blue represents the lower value, cxcept for resistivity map (after Pitcher of al., 1994),
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Fig. 9 Alteration map of Pariz area, preparcd bascd on interpretation of SPOT mullispectral data. 1 areas with intense

hydrothermal alieration {mainly phyllic and argillic), 2 copper mineralization and 3 Pb- Zn mineralization.
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Fig. 10 Geological map of Pariz area, interpreted from SPOT multispectral data (medified after Dimitrjevic et al, 1971}
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