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 Evaporites are sediments that chemically precipitate due to the evaporation of an 
aqueous solution. Most evaporite formations, in addition to evaporite minerals, include 
detrital rocks such as mudstone, marl, and siltstone. Principal Component Analysis 
(PCA), Directed Principal Component Analysis (DPCA), and Band Ratio methods were 
applied to Advanced Space-borne Thermal Emission and Reflection Radiometer 
(ASTER) data for mapping the Gachsaran evaporite formation and distinguishing its 
lithological units in the Masjed Soleiman oil field, located in southwestern Iran. This oil 
field was the first recognized oil field in the Middle East. Colour composites of PCs 4, 
5, and 2, as RGB images, effectively discriminated this formation from other sedimentary 
formations. The gypsum spectrum, resampled to the 9 band centres of ASTER, exhibited 
reflectance in bands 4 and 8 and absorption in bands 6 and 9. As a result, these bands 
were selected for DPCA application. PC4 effectively highlighted gypsum outcrops as 
bright pixels, while the band ratio 2/1 accentuated ferric iron, appearing as bright pixels, 
which correlated with the red marls. The results of this study demonstrate that ASTER 
image processing is a cost- and time-effective method that can be utilized for mapping 
evaporite formations and distinguishing their lithological units. 
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1. Introduction  

Geological maps are traditionally 
generated through conventional ground 
surveys, relying on field observations that 
may inevitably introduce errors, leading to 
inaccuracies. In the recent decades, optical 
remote sensing within the visible and near-
infrared wavelengths has emerged as a rapid 
and cost-effective method for gathering 
valuable information regarding the 
mineralogical and chemical compositions of 
outcrops. This advancement offers 
opportunities to create new lithological maps 
in regions, where geological mapping is 
lacking and to enhance the precision of 
existing ones. 

The utilization of satellite image 
processing for this purpose has gained 
momentum since the launch of Landsat-1 in 
1972. Numerous studies have underscored 
the efficacy of remote sensing techniques in 

extracting geological information, 
particularly in remote or inaccessible areas. 
The Advanced Space-borne Thermal 
Emission and Reflection Radiometer 
(ASTER), onboard on the TERRA platform 
launched in December 1999, stands out as a 
valuable super-spectral imaging system for 
geological mapping. 

ASTER data have been extensively 
employed in regional mapping to delineate 
various lithological units including granites, 
ophiolite sequences, and basement rocks [1, 
2, 3, 4]. In this study, we leverage ASTER 
data to map an evaporite formation and 
distinguish its lithological components. 

Evaporites are sedimentary rocks that 
form through chemical precipitation resulting 
from the evaporation of limited surface water 
on Earth. The most common minerals found 
in evaporites are halite, anhydrite, and 
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gypsum. These sedimentary deposits have 
garnered significant attention in geological 
studies due to their capacity to preserve 
information about the geological and 
environmental conditions during their 
deposition. Furthermore, evaporites serve as 
highly effective cap rocks for hydrocarbon 
reservoirs, second only to gas hydrates [5, 6, 
7]. 

It's worth noting that most evaporite 
formations comprise only a small percentage 
of evaporite minerals, and are often 
interbedded with other sedimentary rocks 
such as mudstone, marl, and siltstone. One of 
the most prominent examples of such 
formations is the Gachsaran Formation, 
which plays a critical role as a cap rock for 
hydrocarbon reservoirs in the Middle East, 
particularly for the Asmari Limestone, a 
globally significant hydrocarbon reservoir 
unit [8]. 

The Gachsaran Formation has been 
thoroughly studied from various aspects, 

encompassing geochemical, mineralogical, 
and depositional environment [9, 10, 11, 7, 
12, 13, 14, 15, 16, 17, 18]. In the Masjed 
Soleiman oil field, other stratigraphic units 
that surface include the Mishan, AghaJari, 
and Bakhtiari Formations Figure 1). 
Distinguishing between these formations, 
particularly the Mishan and Gachsaran 
Formations, can be challenging due to their 
similar lithologies in the published 1:100000 
geological map [19]; they were not 
discriminated, and were introduced as 
“Mishan or Gachsaran” Formation. The main 
purpose of this study is evaluating ASTER 
images for mapping the Gachsaran Evaporite 
Formation and discriminating its lithological 
units. The results of this study could 
highlight the effectiveness of using remote 
sensing for mapping evaporite formations 
and discriminating their lithological units in 
new geological maps, as well as for 
improving available maps. 

 
Figure 1. Geological map of Masjed Soleiman oil field area [19]. 

2. Geological Setting 

Following the Oligocene period, the 
Zagros Basin experienced a gradual post-
Oligocene regression, leading to the 
deposition of evaporitic and clastic sediments 
collectively known as the Fars Group. This 
group including the Lower Fars, Gachsaran 
(Miocene), Middle Fars, Mishan (middle 

Miocene), and Upper Fars, AghaJari (late 
Miocene-Pliocene) Formations [20]. 

The Gachsaran Formation, also 
recognized by alternative names such as 
Lower Fars, Evaporate-Chemical Series, and 
Lower Gypsum Group [21], is notable for its 
evaporitic nature. The term 'Gach' derives 
from Persian and refers to gypsum and 
anhydrite. Evaporate sediments within the 
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Gachsaran Formation primarily comprise 
anhydrite, halite, and grey/red marls, with 
occasional beds of limestone and shale. 
Halite surface occurrences rarely are 
reported, and the replacement of anhydrite by 
gypsum is a characteristic feature [21]. 

The formation of the evaporate sequence 
within this formation can be attributed to arid 
conditions and cycles of transgression-
regression in a coastal sabkha-lagoon basin, 
which was partially proximate to the sea 
[14]. While the thickness of this sedimentary 
formation exhibits variation, the complete 
sequence is estimated to be approximately 
1500 meters thick [11]. 

Following the last major marine 
deposition period in the Zagros Basin during 
the late Oligo-Miocene [22], arid conditions 
and cycles of transgression-regression 
provided the ideal conditions for the 
deposition of the Gachsaran Formation 
within a coastal sabkha-lagoon basin. Two 
primary facies are recognized within this 
basin: the central and marginal facies. The 
central facies is characterized by a higher 
presence of chemical deposits [10], while the 
marginal facies includes thicker intervals of 
limestone and marl, with detrital quartz and 
feldspar leading to the formation of distinct 
silty and sandy zones in some areas [12]. 

One of the main outcrops of the 
Gachsaran Formation is observed in the 
Masjed Soleiman oil field. This field is first 
recognized oil field in the Middle East 
located between 31° 5´ 37 ˝ N to 32° 10´ 46 ˝ 
N and 49° 02´ 31 ˝ E to 49° 25´ 44 ˝ E, in the 
Northern Dezful embayment, which 
primarily consists of gypsum, anhydrite, and 
minor beds of red marl. This embayment is 
part of the south-central region of the Zagros 
Fold Thrust belt which formed due to the 
collision of the Arabian Plate and Iranian 
Block [23, 24]. The active fold thrust belt is 
divided into the thrust zone, simply folded 
belt, and coastal plain, with the Dezful 
embayment serving as a distinct structural 
unit, bounded by the Mountain Front thrust 
fault to the northwest, the Kazerun-Borazjan 
and Izeh transverse faults to the east and 
southeast, and the Zagros Fore-deep fault to 
the southwest [11]. 

Within the studied area, several other 
stratigraphic units are notable including the 
Mishan, AghaJari, and Bakhtiari Formations 

Figure 1). The Mishan Formation, which 
overlies the Gachsaran Formation, exhibits a 
distinctive composition. Its basal portion 
comprises limestone and grey marl, followed 
by alternating layers of grey marl and shelly 
limestone [10]. The AghaJari Formation 
consists of brownish to grey calcareous 
sandstones with veins of gypsum, red marl, 
and siltstone [25]. The Bakhtiari Formation 
(late Pliocene - Pleistocene) consists of 
terrigenous clastic grains in silt to boulder 
sizes [26]. 

3. Methods and Data 

A comprehensive approach combining 
field observations and ASTER data analysis 
including the pre-processing of ASTER 
images, standard Principal Component 
Analysis (PCA), Directed Principal 
Component Analysis (DPCA), and band ratio 
techniques was employed to map the 
Gachsaran Formation and distinguish its 
lithological units. 

We obtained cloud-free Level 1B ASTER 
data acquired on April 27, 2001, from the 
EROS Data Centre. Subsequently, this data 
was processed using ENVI 4.5 and ArcGIS 
9.2. ASTER, a valuable super-spectral 
imaging system, is situated onboard the Earth 
Observing System (EOS) TERRA platform, 
launched on December 18, 1999, into a near-
circular, sun-synchronous orbit. The 
instrument comprises 14 channels, 
encompassing 3 in the visible-near infrared 
(VNIR) range (between 0.52 and 0.86 μm), 6 
in the shortwave infrared (SWIR) range 
(between 1.6 and 2.43 μm), and 5 in the 
thermal infrared (TIR) range (between 8.125 
and 11.65 μm), with spatial resolutions of 15, 
30, and 90 meters, respectively [27]. 

3.1. Pre-processing of ASTER imagery 

The ASTER L1B product comprises 
radiance at sensor data that has already been 
georeferenced to Universal Transverse 
Mercator (UTM) zone 39 N with the WGS-
84 datum. Pre-processing techniques involve 
essential steps including cross-talk correction 
of SWIR bands and layer stacking of VNIR 
and SWIR bands into nine bands with a 15-
meter pixel size. 

During the acquisition of ASTER data, 
there's a potential issue known as 'crosstalk,' 
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where energy from the band 4 detector may 
leak into adjacent detectors of bands 5 and 9. 
This phenomenon can result in higher 
brightness values for bands 5 and 9, leading 
to anomalous absorption features in bands 6 
and 8. These anomalies can, in turn, cause 
misidentifications of minerals [28]. 

To address this, pixel radiance at the 
sensor level was transformed into reflectance 
at the surface using the Internal Average 
Relative Reflectance (IARR) method. This 
algorithm normalizes images based on a 
scene's average spectrum. Specifically, an 
average spectrum is computed for the entire 
scene, and this spectrum is then divided into 
the spectrum at each pixel within the image 
[29]. 

3.2. ASTER image processing 

We performed a standard principal 
components transformation on ASTER data 
using the correlation coefficient matrix. In 
many cases, multispectral datasets exhibit 
high levels of correlation between bands. 
This transformation serves to produce 
uncorrelated output bands, reducing 
dimensionality and segregating noise 
components. It's a linear transformation 
accomplished by identifying a new set of 
orthogonal axes [30]. 

Directed Principal Component Analysis 
(DPCA), introduced by [31] and further 
developed by [32], is a method that utilizes 
subset bands to optimize the identification of 
specific materials by directing the statistics 
of the Principal Component (PC). An 
approach based on the examination of 
eigenvector loadings in each PC image is 
used for determining which image contains 
information related to the spectral signatures 
of specific target minerals. It is expected that 
the PC image that collects moderate to high 
eigenvector loadings for the diagnostic 
absorptive and reflective bands of the index 
mineral could be considered as the specific 
image for that mineral. If the loading of 
absorptive band is negative in sign, the target 
area will be enhanced in bright pixels, and if 
the loading of reflective band is negative, the 
area will be enhanced in dark pixels.  

The core concept of this method revolves 
around the selection of two reflectance and 
two absorption bands based on the spectral 
signature of the target material [33]. The 

eigenvector loading plays a crucial role in 
identifying the appropriate PC for enhancing 
the desired material. Specifically, a PC with 
higher eigenvector loadings at reflectance 
and absorption bands of the target material, 
but with opposite signs, is sought after. If the 
PC has high eigenvector loadings with a 
positive sign for the reflectance band and a 
high eigenvector loading with a negative sign 
for the absorption band, the target material 
appears as bright pixels. Conversely, if the 
PC has high eigenvector loading with a 
negative sign for the reflectance band and a 
high eigenvector loading with a positive sign 
for the absorption band, it appears as dark 
pixels. 

To select the most appropriate bands for 
DPCA, the reflectance spectrum of gypsum 
(obtained from the USGS spectral library) 
was resampled to match the nine bands of 
ASTER. Band ratios involve dividing pixel 
values in one band by values in another band. 
The absolute radiance values are less critical 
for target identification since pixel brightness 
can be influenced by geometric factors such 
as the angle of illumination and particle size 
[34]. These factors tend to be approximately 
constant across all bands. Therefore, dividing 
the values of the two bands effectively 
removes these effects, and enhances the 
spectral differences between materials. 

The choice of bands for the ratio image 
depends on the spectral properties of the 
target material. Typically, selected bands are 
those in which the material exhibits both 
high reflectance and strong absorptive 
features. The reflective band serves as the 
numerator, while the absorptive band serves 
as the denominator. Consequently, the target 
material appears bright in the resulting ratio 
image. 

4. Results 

Tables 1 and 2 display the results of 
applying PCA to the nine reflective bands of 
ASTER data. Notably, the correlation 
coefficients between ASTER VNIR and 
SWIR bands generally exceed 70% (Table 
1). The first PC captures approximately 84% 
of the variance, while the second PC 
encompasses around 11% of the variances 
(Table 2). These initial PCs are primarily 
influenced by topography and the average 
reflectance of the surface. Consequently, 
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they are most suitable for general mapping 
purposes. However, it's worth noting that the 
subsequent PCs, despite having lower 
variances in the data, often reveal more 
subtle spectral differences. The final PC 

bands (bands 8 and 9) exhibit a noisy 
appearance due to their very low variances, 
accounting for only 0.24%. This noise is 
typically attributed to the inherent noise in 
the original data. 

Table 1. Correlation coefficients between VNIR and SWIR bands of ASTER. 
Correlation Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7 Band 8 Band 9 

Band 1 1.000 0.943 0.8878 0.710 0.635 0. 635 0.647 0.668 0.513 
Band 2  1.000 0.9593 0.810 0.753 0.755 0.756 0.769 0.645 
Band 3   1.000 0.830 0.740 0.746 0.726 0.724 0.651 
Band 4    1.000 0.937 0.942 0.909 0.886 0.819 
Band 5     1.000 0.987 0.977 0.957 0.880 
Band 6      1.000 0.980 0.592 0.886 
Band 7       1.000 0.979 0.871 
Band 8        1.000 0.839 
Band 9         1.000 

Table 2. Eigenvector loadings and variances resulted from applying principal components on 9 ASTER reflective 
bands. 

Eigenvector Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7 Band 8 Band 9 Variance % 
PC1 0.338 0.399 0.400 0.349 0.318 0.298 0.333 0.354 0.266 84% 
PC2 0.538 0.422 0.422 0.359 -0.113 -0.253 -0.280 -0.269 -0.315 11% 
PC3 -0.483 -0.006 -0.006 0.573 0.397 -0.021 -0.276 -0.375 0.247 1.8% 
PC4 -0.033 -0.116 -0.116 -0.034 0.4618 0.216 0.160 -0.162 -0.789 1.7% 
PC5 0.535 -0.353 -0.353 -0.324 0.502 -0.015 -0.234 -0.250 0.334 0.7% 
PC6 0.107 -0.541 -0.541 0.417 0.137 -0.327 0.019 0.562 -0.133 0.35% 
PC7 0.253 -0.481 -0.480 0.374 -0.476 0.332 0.165 -0.356 0.039 0.2% 
PC8 0.014 0.012 0.012 -0.018 -0.012 -0.755 0.241 -0.154 0.030 0.13% 
PC9 -0.0128 0.006 0.006 0.007 0.129 -0.108 0.752 -0.326 0.114 0.1% 

 
The examination of various colour 

composites of PC images, their visual 
interpretation, and comparing with the 
published 1:100000 geological map of the 
area reveals that the colour composite of PCs 
4-5-2 (RGB) is more appropriate to 
discriminate the Gachsaran Formation from 
other formations Figure 2).  

Figure 3 shows the reflectance spectra of 
gypsum (from USGS spectral library) 
resampled to the nine bands of ASTER. 
Table 3 indicates eigenvector loadings 

resulting from applying DPCA on bands 4, 6, 
8, and 9 (these bands were selected due to 
high reflectance in bands 4 and 8, and low 
reflectance in bands 6 and 9). Investigation 
of these eigenvector loading reveals that 
PC4, which has high eigenvector loading for 
bands 6 and 8 with opposite signs could 
enhance gypsum. In this PC, band 6 has a 
high negative value and band 8 has a high 
positive value, therefore, gypsum appears as 
bright pixels Figure 4). 

Table 3. Eigenvector loading resulted from applying DPCA on bands 4, 6, 8, and 9. 
Eigenvector Band 4 Band 6 Band 8 Band 9 

PC1 0.481 0.516 0.554 0.441 
PC2 0.656 0.178 -0.169 -0.713 
PC3 0.450 -0.139 -0.694 0.544 
PC4 0.367 -0.825 0.427 0.030 
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Figure 2. ASTER principal components color composite image as RGB-PC4, PC5, and PC2, overlaid by 

geological boundaries in black bold lines. 

 
Figure 3. Gypsum spectrum of USGS spectral library resampled to the VNIR-SWIR bands of ASTER. 
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Figure 4. Image of PC4 resulting from applying the DPCA method on bands 4, 6, 8, and 9 overlaid by geological 

boundaries in black bold lines Brighter pixels in Gachsaran Formation indicate gypsiferous layers. 

The results of applying band ratio B2/B1 
that has previously been used to discriminate 
ferric iron [35, 36, 37, 38] is shown in Fig. 5; 
ferric iron appears as bright pixels in this 

figure. Comparing of this figure with the 
geological map indicates that there are two 
main ferric iron-rich areas in the Gachsaran 
Formation.   
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Figure 5. Gray scale image of ASTER band ratio (2/1) overlaid by geological boundaries in black bold lines 

Brighter pixels in Gachsaran Formation indicate ferric iron-bearing red marl. 

5. Discussion  

A colour composite of PCs 4-5-2 (RGB) 
is more appropriate than other color 
composite images for discriminating the 
Gachsaran Formation from other formations 
Figure 2). Visual interpretation of this color 
composite image reveals that the Gachsaran 
Formation does not appear as a homogenous 
unit, in contrast to how it is depicted as a 
homogenous formation in the published 
geological map [19], where its lithological 
variations are not shown. The measured 
radiant flux depends on various 

characteristics, with only a minimal variation 
originating from the spectral reflectance 
properties of surface material [39]. The PCA 
method effectively suppresses irradiance 
effects present in all bands and can identify 
spectral reflectance features of the ground 
surface. Principal components produce more 
colorful composite images compared to 
spectral color composite images because the 
data are uncorrelated. These types of 
composite images have previously been 
utilized for lithological mapping [40, 41]. 
Additionally, some areas on this geological 
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map show challenges in separating the 
Gachsaran and Mishan Formations Figure 1); 
however, visual interpretation of this color 
composite image suggests that these areas 
belong to the Gachsaran Formation. A 
comparison between Fig. 2 and Figs. 5 and 6 
indicates a strong agreement between this 
image and those figures. The brighter pixels 
in Figs. 5 and 6 correspond to the blue and 
green pixels in Figure 3, respectively, 
effectively highlighting the gypsum and red 
marl outcrops of the Gachsaran Formation. 

6. Conclusions  

Geological maps have traditionally relied 
on time-consuming and costly field 
observations during ground surveys, often 
prone to spatial or thematic inaccuracies. In 
the recent decades, remote sensing has 
emerged as a rapid and cost-effective method 
for acquiring information about outcropping 
surfaces and enhancing or producing 
geological maps. In the case of the Masjed 
Soleiman oil field, ASTER data were utilized 
to map the Gachsaran Formation and 
distinguish its lithological units. By 
employing the PCA method and exploring 
various color composites of PC images, it 
was determined that a color composite of 
PCs 4, 5, and 2 as RGB effectively 
discriminates the Gachsaran Formation from 
other formations within the Fars Group. 

Furthermore, this particular color 
composite provides clear differentiation 
between the Mishan and Gachsaran 
Formations, even in areas where the 
published geological map lumps them 
together as 'Mishan or Gachsaran Formation.' 
The application of DPCA to bands 4, 6, 8, 
and 9 resulted in the successful mapping of 
gypsiferous outcrops within the PC4. 
Additionally, the use of band ratio 2/1 
enhanced the response of ferric iron, 
corresponding to the red marls of this 
formation. 

Collectively, the results obtained through 
PCA, DPCA, and band ratios not only 
effectively discriminated the Gachsaran 
Formation from other sedimentary 
formations but also enhanced the recognition 
of its lithological variations. This study 
underscores the potential of ASTER data 
processing, combined with limited fieldwork, 
as a time- and cost-efficient approach for 

mapping evaporite formations and 
distinguishing their lithological variations. 
Such methodologies hold promise for 
generating new geological maps or refining 
existing ones, particularly in arid and semi-
arid regions. 
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  چکیده:

هاي تبخیري، شـامل کنند. بیشـتر سـازندهاي تبخیري، علاوه بر کانیمحلول آبی به صـورت شـیمیایی رسـوب میتبخیرها رسـوباتی هسـتند که در اثر تبخیر یک 
بر   d) و نسـبت باندDPCAشـده ()، آنالیز مؤلفه اصـلی هدایتPCAهاي آنالیز مؤلفه اصـلی (باشـند. روشهاي آواري مانند گل سـنگ، مارن و سـیلت اسـتون میسـنگ

نجنده روي داده ه ASTERهاي سـ نگبراي نقشـ خیص واحدهاي سـ اران و تشـ ازند تبخیري گچسـ ی آن در میدان نفتی واقع در جنوب غرب ایران برداري سـ ناسـ شـ
، به طور مؤثر این سـازند را RGB، به صـورت تصـویر 2، و 5،  4هاي  اسـتفاده شـد. این میدان اولین میدان نفتی شـناخته شـده در خاورمیانه اسـت. ترکیب رنگی مؤلفه

را نشان داد.  9و  6و جذب در باندهاي   8و   4، بازتاب در باندهاي  ASTERاز دیگر سـازندهاي رسـوبی متمایز کردد. طیف گچ بازنویسـی شـده به مرکز باند سـنجنده  
هاي روشـن متمایز نمود، در حالی که نسـبت باندي  هاي گچی را به صـورت پیکسـلرخنمون  PC4انتخاب شـدند.   DPCAدر نتیجه، این باندها براي اجراي روش 

ل  2/1 ورت پیکسـ ان میبخوبی واحدهاي آهن دار را به صـ ن بارزسـازي نمود. نتایج این مطالعه نشـ ویر  هاي روشـ یک روش مقرون به  ASTERدهد که پردازش تصـ
 تواند براي نقشه برداري سازندهاي تبخیري و تشخیص واحدهاي سنگ شناسی آنها استفاده شود.صرفه است که می
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