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Abstract

Advancement of GIS and remote sensing, introducenyy methodologies and techniques,
has made mapping of large areas manageable withpémple. Availability of free and
commercial datasets, software and tools invitegarehers to develop new approach to
conduct scientific studies. Advanced Space-born e Emission and Reflection
Radiometer (ASTER) satellite imagery, with high &p& resolution, allows a number of
band combinations and manipulations making the enaguitable for geomorphological
mapping.

The study area located in the upstream of MugeeRivibutary to the Blue Nile River, is
known for its distinct geological setup and actieer morphology. Sedimentary rock
seccusions underlying thick tertiary volcanics)p@sed to the surface due to the incision of
the Muger River deep in to the highland plateatnysi®graphic zonings of the area made
based on existing datasets helped to develop #wmenapproach for modification of
lithological map and surface deposit mapping. Enbarents of ASTER satellite imagery
sharpened the boundaries between neighboring diged. Surface deposits like Laterite,
Colluvials, Residual Soil, Alluvial Soil and Limdei are mapped using a number of

enhancements.

Composite relief maps stacked from three relief snap different illumination azimuth
angle allowed mapping of linear features from glgrview. Remnants of erosion and their
elevation gave information about depth and volurherosion. Active river morphology is
detected from aerial photo of two different tim&enerally, geomorphological map of the
area is produced and techniques like pan-sharpenisigg aerial photograph for
geomorphological studies are introduced.

Key words. Geomorphological Mapping, Surface Deposits, Muger River, ASTER image,
Aerial Photograph, River Morphology
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1. Introduction

Geomorphology is a science concerned with undedstignthe form of the Earth's land
surface and the processes by which it is shapeld,dtdhe present day as well as in the past.
In its strictest sense geomorphology, the scieddamaform study is concerned with the
study of form of the earth (Small, 1983). The sceerstudies about landforms, their
classification, origin, development, and historyandforms are any features of Earth's
surface having a distinct shape and origin. Plae&ountains, Valleys, Plains, Hills,
Mesas, Buttes and so on are common landforms esgb@ctropical environments.

The ultimate aim of geomorphology is to explain howlividual landforms and, more

particularly, landform assemblages have originai®dall, 1983). However there are a
number of approaches in the study of geomorphologlypf which, relationship which exist

between certain types of landforms and particylpe of climate, structure or rock. Another
approach is assessing from an essential histqraiat of view, and try to demonstrate the
various stages of evolution which the landscape gessed through before attaining its
present form. Investigating the relationship betwearth’'s processes and forms is also

modern geomorphological approach.

Geomorphologists seek to understand why landsdap&sthe way they do: to understand
landform history and dynamics, and predict futunarges through a combination of field
observation, physical experiment, and numerical etind. Thomas (1974) in his book,
Tropical Geomorphology, discusses about weathegrmogesses and products, denudation,
deposition, planations and more under study of g@ephology. Generally

geomorphologists aim at understanding the histbtgralscapes and map landforms.

Geomorphological maps have been developed throtigheuworld, particularly with the
increasing availability and use of Geographicabinfation Systems (GIS). Some are based
on generalized mapping, while others emphasizeifspeareas of geomorphology for
particular purposes such as land use planning aarbamapping. Geomorphological
mapping comprises the classification of the natlaaldscape illustrating mainly form,
origin and process (Kamal and Midorikawa, 2004)o&erphological maps are one of the



most appropriate and synthetic ways of showingdik&ibution of landforms, surface and
near-surface deposits, the processes that actmaiotans and the time of their action.
Erosional and depositional features, elevation gimape of terrains, escarpments, stream
patterns and density are some of the entities wtachbe represented in a geomorphological
map. Beyond this lithology, structure, landuse/taonwér, and artificial features can be

incorporated in a geomorphological map accordinigpéir importance.

Modern geo-technologies (remote sensing, geograpbhidormation systems/GIS and
global positioning systems/GPS) have brought a hugethodological impetus to
geomorphological mapping (Minar and Evans 2007)m&e sensing provides regional,
synoptic view and permit recognition of large stuual patterns and landforms over
contiguous geomorphic domains. The high spectrsblogion of satellite images assures
considerable advantage for land form separatiory kthannel analysis and identification of
depositional areas. One of the potential, but y& underdeveloped, uses of digital
remote sensing data is for geomorphologicalystand landscape interpretation (Giles,
1997). Synoptic overviews provided by data suchiemsotely sensed images can be very
powerful in studying the consequences of earthpsicig process (Beaulieu and Gaonach,
2002). Digital elevation Model (DEM) is a derivedoduct of remote sensing imagery.
DEMs are set to become a valuable source of topbgralata for the landform researcher
(Smith and Clark, 2005).

1.1.Description of the Study Area

The study area falls within Blue Nile River Basiorh 38, 23’ to 38, 48’ easting and®
18’ to &, 43’ northing as shown in figure 1. Its area cevabout 2000 kf It has got low
lands of 1323 meters elevation to highland plateafu8278 meters elevation above sea
level. The raged topography is easily visible fraiigital elevation model. The area is
covered by scares vegetation. Big river called Mujger crosses the study area joining the
main Abay River after 45 kilometers of travel. Mudaver is one of the biggest tributaries
of the Blue Nile. Muger River drains the southemd ssouth-eastern part of the north-

western Ethiopian plateau. The study area falteénup-streams of Muger River.
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Figure 1: Location Map.

The area falls in the 1:50,000 topo-sheets of [Fitdinare, Inchini and Derba.
Administrative location of the area is Oromiya Rewgil State, Northern Showa Zone. The
study area can be accessed through 32 kilometarspbilt road from Addis Ababa.

1.2.Climate
Rainfall and temperature data recorded for overyg&rs in stations of Debre Tsige
(38°48'50”, 9°41'12”) and Fiche (3%4'00”, 9%47'31") shows that the mean annual
rainfall is about 1144 mm and 1986 mm respectivVEhe rainy season extends from June to
September majorly being on the months of July argluist, shown in figure 2. The highest
rainfall is registered in July (Debre Tsige Stati@b7mm, Chancho Station:330mm ).
Similarly temperatures of Fiche station show tha towest and highest mean monthly

temperature is 11% and 33.5c in the months of April and May respectively.
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Figure 2: Graph of mean annual rainfall.

1.3.Problem Statement
Despite the intensive development of remote sens#ahniques in the past years, the
importance of scale/resolution dependence of variaemotely sensed fields is
underestimated in most area of application (Beaudied Gaonach, 2002). A number of
previous works using remote sensing imagery as maut data are available. Yet we can

say this approach is very young in Ethiopia.

Geomorphology, concentrating on surface processédsdaposits, influences the life style
and ecosystem of the area directly and quickly ti@nunderlying geology and subsurface
processes. However geomorphological maps are nioig bgrepared and provided by

responsible bodies in Ethiopia.

Nowadays, satellite images and derived products DEM are accessible freely and with
low cost. Hence, we need case studies made usasg thatasets to widen applications.
Experimenting a number of GIS and Remote Sensiofgniqgues and methodologies for
geomorphological mapping using the mentioned detasemportant.

1.4.Justification
The importance of different geomorphological mapsnitigating impact on environment
and geo-hazard derived damages has been noted imalKand Midorikawa (2004).
Surfacial deposits targeted by geomorphologicaldiesgs are the most susceptible
environmental systems for pollution and degradati@mailability of geomorphological
maps contributes a lot in designing effective larsg planning. A geomorphological map



can be used as a base map for production of lagale engineering geological map,
hydrogeological map and land use/cover map. Outth@f many applications of
geomorphological mapping as stated by America’'siddat Aeronautics and Space
Administration (NASA), some important for this pa@ge: Provide a precise picture of the

dynamics of relief and Facilitate the search farrerctions between landforms.

The high rate of erosion and related active geohwlqgical activities in the Blue Nile

Basin makes geomorphological studies crucial ferdhea. Muger River, one of the main
tributary of Blue Nile River, exemplifies the gegloal history and active geological
processes of the Blue Nile Basin.

1.5.0bjective

The main objective of this study is to prepare geghological map of the study area.

1.5.1. Specific objectives
To fulfill the main objective of the study, a nunnbaf tasks will be conducted meeting

specific objectives as follows.

Preparation of general land use/land cover map
* Physiographic classification of study area

* Modifying existing Lithological boundaries

* Mapping surface deposits

» Identifying effective GIS and Remote Sensing tegbas for geomorphological
studies

1.6.Materials

A number of spatial and non spatial data will bedusor the intended objectives of this
study. The main input data is 14 bands of ASTERI&@&t imagery in level 1A format of

acquisition date 2003-04-12. 30 meters resoluti&TBR DEM which is derived product of
ASTER image is also used. 1:50,000 topographic mags000,000 geological map of

Ethiopia and some aerial photographs are the mains applied.



ASTER is Advanced Space-born Thermal Emission agfleBtion Radiometer, a multi
spectral sensor on board one of NASA’s Earth olisgrsystem satellites, Terra, which was
launched in 1999. ASTER captures high spacial vésol data, in 14 bands from the visible
to the thermal infrared wave length, and provideresi-viewing capability for digital
elevation model creation. ASTER measures reflecddhtion in three bands between 0.52
and 0.86 um (VNIR) and in six bands from 1.6 to32uim (SWIR), with 15m and 30m
resolutions, respectively given in table 1. AST&Bo has a back looking VNIR telescope
with 15m resolution. In addition emitted radiatimmmeasured at 90m resolution in five
bands in the 8.125-11.65 um wavelength region (T@¥riet al., 2008).

The higher spectral resolution of ASTER, especialthe shortwave infrared region of the
electromagnetic spectrum makes it possible to iyemtinerals and mineral groups such as
clays, carbonates, silica, iron oxides and othdéicases. Cloud cover vegetation and

atmospheric effects can severely mask or alteasarsignals.

Table 1: 14 bands of ASTER image and their description.

Subsystem | Band No | Spectral Range(um) Spatial Resolution
1 0.52 -0.60
2 0.63 -0.69

VNIR 3B 0.78 —0.86 15 meters
3N 0.78 —0.86
4 1.600 -1.700
5 2.145 -2.185
6 2.185 -2.225

SWIR 7 5 935 _2 285 30 meters
8 2.295 -2.365
9 2.360 —2.430
10 8.124 -8.475
11 8.475 -8.825

TIR 12 8.925 -9.275 90 meters
13 10.25 -10.95
14 10.95 -11.65

The ASTER image acquired for this analysis wasioaily level 1A. The ASTER Level 1A
raw data are reconstructed, unprocessed instrudigitdl counts with ground resolution of
15 m, 30 m, and 90 m for 3 VNIR, 6 SWIR, and 5 TdRannels. This product contains

depacketized, demultiplexed, and realigned instninmeage data with geometric correction



coefficients and radiometric calibration coeffidierappended but not applied (ASTER
user’s guide, 2005). This includes correcting faWIR parallax as well as registration

within and between telescopes. The spacecraftlancdnd instrument engineering data are
also included.

Level 1A ASTER image in file format called HDF imported to IMAGIN's IMG file
format using Erdas IMAGIN import tool. This LeveBlproduct contains radiometrically
calibrated and geometrically co-registered dataalbrASTER channels. This product is
created by applying the radiometric and geometoiefficients to the Level 1A data. The
bands have been co-registered both between andthueatlescopes, and the data have been
resampled to apply the geometric corrections.

The datasets collected are analyzed using GIS amoR Sensing softwares as: Erdas
Imagin 9.1, ENVI 4.3, ArcGIS 9.2, Global Mapper 10.

1.7.General Methodology

Five general methodologies are followed to achiebgectives. Each methodology is
described sequentially below. The last methodoledych is river morphology evaluation,
is conducted for selected locations of the stuédyaaFlow chart presented below illustrates

major work flow carried out.

1.7.1. Physiographic Zoning

Physiographic zoning is conducted by evaluatingtexg geological map, generalized land
use/cover map, digital elevation model and reliefpnof the area. The zoning is made
subjective, aiming to differentiate the area basedlegree of exposure or cover. This helps
to tune the enhancement methods and extents angsalsed to compare geomorphological

features with physiography.

1.7.2. Modifying Lithological Map

Enhancements of ASTER imagery is done to modifyetkisting lithological map which is

extracted from 1:2,000,000 geological map. Prirlcgmenponent analysis, band ratios and



false color composite selected for each lithologies used to delinate the boundaries

between them.

1.7.3. Mapping Surface Deposits

The core part of this study is mapping surface depoThere are different types of
geomorphological mapping based on their objectiveé Bmitations of methodologies. In
this study laterites, limonites, colluvial deposiiuvial soil, residual soil and river sand are
the main geomorphological features targeted to @ep®ed. False color composites and band
ratioing is important approach. Assessing assaciatof some units with digital elevation

models and features like river is important.

1.7.4. Linear Feature Extraction

Expected lineaments in the study area, emphasizng lineaments formed with
geomorphological phenomena will be mapped. Digitavation model is the main input for
this analysis. Relief maps from different viewinggées will be taken as different bands of
image to prepare composite relief maps and thei.Firectional lineament extraction

using convolution matrix is also important approach

1.7.5. River Morphology Evaluation

In this part satellite images and aerial photogsapihdifferent times, selected for two areas,
are rectified to evaluate how dynamic the river phalogy is. Shape of river channel and
depositions within it is compared. Here, orthorfgztion of aerial photographs is the main

analysis conducted to produce ortho-photos.



The flow chart below shows the major input dataset, analysis and outputs.
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1.8.Scope of the study

This work majorly dependant on ASTER satellite imggbenefits from its high spectral
resolution to map geomorphological units in thetrgesn of Muger River. Modification of
existing lithological map frames itself in sharpsmiboundaries of lithologies. Surface
deposits evidence the geomorphological procestefatea. Therefore out of many those
selected for this area based on the physiographlatarite, colluvials, Alluvium, river sand,
residual soil and limonite. Lineaments of tectowiggin are mapped on the highland
plateaus only since the highland platues are |#sstad by erosional denudations. Due to
accessibility problems and wideness of the areaurgtotruthing is limited. River
morphology analysis conducted using aerial photoise on selected areas to evaluate the

importance of the techniques.
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2. Literature Review
2.1.General Geology of the Area

The Blue Nile, a major tributary of the Nile Rivexxtensively dissects the north-western
Ethiopian plateau exposing igneous, metamorphicsadimentary rock units ranging in age
from Neoproterozoic to Holocene (Gaatial., 2007). Deeply incised gorge of the Blue Nile
is also characteristic in the North-Western Etraopplateau. The general geological setup

of the study area is quite similar with that of Blee Nile geology.

The Blue Nile flows south-east from Lake Tana, teeath and southwest before it assumes
north-west flowing direction as it approaches twlands of Sudan. The exposure of Blue
Nile basin within the northwestern Ethiopian plateare bordered by the uplifted
escarpments on the western flanks of the afar dsjore and the main Ethiopian rift in the
east and southwest respectively, and in the weghéyerosional Tana escarpment. The
guaternary aged east-trending Axum-Adigrat and Arb@aments bordered this region in
the north and south, respectively. (Getral., 2008)

The basin contains about 1,400 meters thick sectibrMesozoic sedimentary rocks
unconformably overlaying Neoproterozoic basemenksaand unconformably overlain by
early-late Oligocene and quaternary volcanic rofRani et al., 2008). Mogessiet al.

(2002) in his research entitled a geological exoarso Mesozoic sediments of the Abay
Basin describes the Mesozoic strata as 2,000 méterks, capped by massive tertiary

volcanic.

The Mesozoic sedimentary strata is buried bendslrextensive 500 to 2000 meters thick
Cenozoic volcanic rocks. However the ~ 1600 meteepdyorge of the Nile (Gaset al.,
2008) formed by the blue Nile River on the northsteen Ethiopian plateau provides good
surface exposure suitable for focused stratigraphdcstructural studies. The volcanic rocks
covering the Mesozoic succession are associatédtiatafar mantle plume and subsequent

opening of the afar depression and the main Ethiopft (Hofmanet al., 1997).
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The Blue Nile Basin is considered to have formedmiuMesozoic break up of Gondwana
Land, similar to north-west trending Mesozoic tiifat exist throughout northern and central
Africa (Ganiet al. 2008).

2.1.1. Basement Rocks

The basement rocks of the Blue Nile Basin is expasehe north-west flowing segment of
the Blue Nile. The age of the basement rock is idemnsd to be neoproterozoic ranging in
age from 850 to 550 Ma (Gani N. BEt.al., 2008).

The tract of land along the ethio-sudan bordethim west is underlain by gneisses and
migmatites known as Baro Group (Mengesdaal., 2002). This rocks are made up of
variably metamorphosed quartizo-feldspatic schist gneisses, migmatites and plutonic
rocks. Fractures within the Neoproterozoic basemarks are dominantly NNE- and ESE-

trending.

2.1.2. Lower Sandstone

This unit, found unconformably overlaying Neoprotwsic basement rock, is sometimes
called as Adigrat sandstone. The thickness of logsardstone in the Abay River basin
ranges from 100 to 700 meters, (Mogegsial., 2002) forming nearly vertical cliff. This
unit is formed by several layers appear as finéngthsandstone intercalated with reddish
shales, mudstone and beds of conglomerates. In ptanes silicified tree trunks up to 4
meters long mud cracks and vertebrate tracks amedfevithin this unit (Ganét al., 2008).
Planar cross bedding structures are characteristsome places sandy mudstone at the top
of lower sandstone marks the transition to lowmerektone. Lower sandstone is affected by

dominant north-west trending normal faults.

2.1.3. Lower Limestone

This unit, about 450 meters thick, also known as&sion Formation, is of early to middle
Jurassic age. At the lower part it is characterizgdjreen-shiest, gray or brown dolostones
of less than 1 meter and shales. Thinly beddedslome is overplayed by alternating

limestone and gypsum beds. Alternation of gypsunusliEnestones in the upper part of the
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unit indicates repetitive drying and flooding of emaporative basin. Dominant north-west

trending normal faults are observed.

2.1.4. Upper Limestone

Upper limestone is about 400 meters thick unit, poses thinly bedded to massive
limestone, also known as the Antalo Limstone, whglof middle-late Jurassic age. The
upper limestone is fossiliferous with alternatingllgwish limestone and gray calcareous
mudstone. The deposition of the upper limestondcatds the second major marine
transgression in the Blue Nile Basin. This uniaffected by NW- and NE- trending normal

faults. The fractures within this unit are dilatin

Muddy sandstone formation occurs as a transitiolwvden upper limestone and upper
sandstone. This unit is exposed in the major taithes of Abay River. The lower part shows
alternating gypsum, dolomite and shale. The uppet pf this unit is thick vari-colored

mudstone. A sandstone facies follows with fine #dmm grained sandstone, subdivided in

to fining upward sandstones and thick massive sands.

2.1.5. Upper Sandstone

The upper sandstone determined to be late Juitassarly Cretaceous age is also known as
Debre Libanos Sandstone. It unconformably overliee upper limestone unit and
unconformably overlain by tertiary basalts. ThisO2tb 500 meters thick sandstone
comprises thickly to thinly bedded sandstones. ddier varies from white to pink and is
medium to coarse grained. The upper sandstone strough cross-beds, convolute beds,
flat-beds, scored and channel surfaces and maksd® This unit is affected by NW- and

NE- trending normal fault and dominantly north tlery fractures.

2.1.6. Volcanic Rocks

Much of the North-western Ethiopian plateau is cedeby flood basalt together with
subordinate trachytes and rhyolites aged early@igocene. These volcanic rocks erupted
from fissures having thickness from 500 to 2,000temse Cenozoic volcanic rocks of

Ethiopia are divided into the trap series and Aderies. The term trap series is still widely
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used to refer to the whole pile of the tertiaryoffobasalt sequence with intercalation of
felsic lava and pyroclstic rocks (commonly on tipper part) which form the northwestern
and southeastern Ethiopian plateaus (Mengesiah, 1996). This unit in some places is

covered by basalts of quaternary shield volcanbesita300 meters thick. This unit lack
columnar joints and is characterized by sheet goifit has got vesicles filled with green
zeolite, calcite and quartz. Red to brown palaebswoizons of about 30 cm thickness is

common.

A number of formations of basalt are categorizedeuriTertiary Volcanics. Aiba Basalts,
Alajae Formation and Tarmaber Megezez Formatiomocgignificantly in the study area.
As revised by Mengeste al. (1996), Aiba Basalts are generally aphyric, cothpacks, in
place showing stratification and contain rare kitedded basic tuffs. The Alajae formation
contains basalts transitional to tholeiitic in matuBasalts of the Tarmaber Formation in
contrast to the tholeiitic and mildly alkaline nagwof the earlier flood basalts typically have

an alkaline affinity.
2.2.Erosional and Depositional Environment

Blue Nile bisects the northwestern Ethiopian plateaa depth of O to 1.6 km, forming very
deep canyons. The steep landforms and mountaitisegblateau are non-orogenic, rather
are remnants of erosion. Thermochronological studfidicate that the erosion at the Blue
Nile and Tekeze drainage initiated ca. 29 Ma, $hafter the extensive flooding by thick
basalt ca. 30 Ma (Gamt al., 2007). The Blue Nile drainage has at least remi@®& 000
km?® of rocks from north western Ethiopian plateau sina. 29 Ma (Oligocene). 96% of the
Nile sediment load is supplied from north-westethi&pian plateau through the incision of
Blue Nile and Tekeze drainage (Gahal., 2007).

The cause of Blue Nile incision is continuous taatouplift of the plateau (Garat al.,
2007). There has been continuous uplift since tae of deposition of upper sandstone ca.
150 Ma, registering net plateau uplift to be 2.2 ks uplift is majorly related to the rise of
Afar Mantle Plume. It is also explained that in tiféng process, the margins of Ethiopian

plateau were uplifted (Beaulieu and Haonach, 2002).
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The occurrence of early to late Oligocene thiclofldbasalt has caused subsidence of the
plateau due to isostatic adjustment. The unloadinuge volume of rock mass due to
erosion (average thickness throughout Blue NileirBas about 0.37 km) has also caused
long time isostatic uplift. Generally overall plateuplift has aggravated river erosion. The
removed masses were subsequently deposited aseseslim alluvial fans of Sudan and in
the Nile Delta and Nile fan of the Mediterraneaa.Se
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3. Physiographic Zoning

Physiography is the science which treats of théhsaexterior physical features, climate,
life, landcover, geology, etc., and of the physicadvements or changes on the earth's
surface. Physiography concerns itself with the deon and the classification of
physiographic forms (land forms) on the basis ®bitigin cause and history. Understanding
the physiography of the study area facilitates npyexise mapping of lithologic units and

landforms.

The different types of remote sensing techniquesnat equally efficient in all types of
terrains. To adjust the extent of enhancement andelect the type of techniques
accordingly based on their importance, dividing #stedy area in to zones is necessary.
Physiographic study can also be taken as a pranmyiranalysis to hypothesize the
geomorphological setup of the area. Hence, basqihgsiography, zoning of the study area
in to manageable numbers is conducted. Land usa/cmap, geological map, digital

elevation model and relief maps are used to figutehe physiography of the area.
3.1.Land Use/Cover Map

Supervised classification of ASTER satellite imagefrthe study area gave the general look
of Land Use/Cover map, shown on figure 3. Five $ypé land-cover units are easily
identified. Forest, cropland/grassland, agricultlaad (cultivated land), bare land and river
sand are the major land covers displayed on fiuiReatchy forests are found in the central
part extending to the west and north-east. It coldér % of the area. The cropland which is
confusing with the grassland is distributed in muéhthe study area except in the north-
western part. It covers about 4.7 % of the studaaMuch of the study area, agricultural
land, is found in the peripheries except in thetmavestern part. This land unit indicates
only the cultivated and exposed one. The boundasfeshe farm lands give defined
rectangular pattern to this unit. Agricultural uagquires 40.2 % of the area. The bare land
is majorly located in the north western part of sedy area narrowing to the central part.
The bare land having 37.9 % of aerial coveragetel| the main river. The river is easily
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visible by its association with the river sand whltas unique spectral signature. It has the

least areal coverage of 1.3 %.
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Figure 3: Land use and Land cover map.

3.2.Lithological Map

The lithological map of the study area, shown beioviigure 4, is clipped from 1:2 million
scale geological map of Ethiopia. Except the Prdx&n rocks all the layers summarized in
the previous chapter are exposed in the study avemh of the area is covered by
formations of basalt. Following the basalt largeaais covered by upper sandstone exposed
in both sides of the river. Lithological variatidallows the river flow direction which is
from the peripheries to the north western part. édfpandstone, Antalo Limestone, Abay
Formation and Adigrat Formation occur successit@iards north-west. Aerial coverage of

Adigrat Formation is very small within the studyar
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Figure 4: Geological map. Source: 1: 2 million geological map of Ethiopia

3.3.Digital Elevation Model (DEM)

The DEM of the area is clipped from ASTER DEM of Btters resolution. The digital
elevation model without further enhancement shdwsctiffs, mountains, plateau, canyons,

gorges and other landforms. The pathes of the miajer and its tributaries can be easily

traced. Elevated plateau of altitudes greater 8)800 meters above sea level are visible in

the north and north-eastern part. The southernipaito elevated plateau showing erosion

marks caused by northward flowing tributaries. Tiver has made incisions below 1,500

meters a.s.l. within the study area.
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Figure 5: Digital Elevation Model (DEM)

3.4.Relief Map

The relief map prepared from the digital elevatiandel is used to discriminate the area
based on its flatness and ruggedness, see figuree6eentral part shows high river incision
within small area relative to the entire westernt pehich is also affected by river erosion
and form very ruged topography. The relief map shemall variation between the northern
and north-eastern part witnessing its flatness.fldteess of the plateau in the southern part
is affected by northward flowing tributaries of tthajor river.
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Figure 6: Relief map

3.5.Physiographic Zoning

Physiographic zoning is done by considering the fgpes of maps discussed above. Each
map is considered as a single layer of informatoomfluence the physiography of the area.
The four layers (parameters) not only influence ghgsiography but also are inter-related.
The geology of the area affects the topography. éSooctks like basalt and massive
limestone are resistant to erosion forming positiwpography. Where as shale is easily
eroded and forms gentle slopes. The erosion remmrdst vary in shape. Adigrat sandstone
has a tendency of forming nearly vertical cliff.€Tlimestone is known to show dissolution
features at close observation and also createscotnge benches following the bed lines.
Generally the geological setup affects the topdgyaphe relief map is drawn out from the
digital elevation model which is also influencedthg geology similarly.
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The land cover map better than others is highlperfced by the physical setups explained
earlier. It also is the manifestation of the phgsaphy. In the plateaus of the study area,
where basalt is exposed, produces thick fertileasa becomes favorable for agriculture. In
the same condition if the topography is ruged dveh a tendency of becoming forest area.
The shale and limestone exposed in the steep eiddee river are not favorable for the

formation of thick fertile soil leaving the arearbdand.

All the layers discussed above influence the laonkec second to physiography. Therefore
high weight is given to the land cover map of tleaaduring subjective physiographic
zoning. Three types of zones are developed outhathwone is found in three different

locations within the study area. The physiogragioigces are named and shown in figure 7.
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Figure 7: Physiographic zone map.
3.5.1. Bare Land Valley

This physiographic zone occupies about 22 % oftéled area. Its land cover is bare land

found at both sides of the main river from the carnb the north-western part. Steep valley
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and river bed cover the area. The main lithologege limestone and shale. This
physiographic zone is highly exposed. Due to tkemtess of this zone, no residual soil is

expected.

3.5.2. Mountainous Mixed Land Use

This physiographic zone occupying about 32 % isemii¥and cover. Most of the forest

cover of the area is found in this physiographicedence loose surface materials are
present. Small aerial coverage of river bed andsidenable cover of cropland and

agricultural land is visible. Basalt and sandstare the main lithologic units available in

this raged topographic area. This zone is relatieelvered by forest and cropland which

makes mapping difficult and needs fine enhanceneamdechniques.

3.5.3. Agricultural Flat 1 Land

The Largest areal coverage which is about 46%dsramodated in the agricultural flat land
physiographic zone. It is found in the elevatedqaas of northern, eastern and southern
part. The lithology is dominated by basalt. Thist us found in three places of the study
area, showing a tendency of connecting with eablerobutside the study area. This zone
though exposed to erosion is covered by thick $d¢dar surface features can be mapped

leaving lithologic mapping challenging.
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4. Mapping Geomorphological Units

A number of types of Geomorphological maps avadaalday are produced based on intended
purposes, methodology used and desired scale ofidpe This project majorly depending on remote
sensing dataset in GIS environment is intended todyre 1:200,000 scale regional

geomorphological map. Surface deposits: laterit@lu@ial deposit, Alluvial soil, residual soil and

river sand are prioritized to be mapped after aiisgshe physiography of the area in the previous
chapter. Linear features are mapped after anaftgaide on DEM. Since geomorphology is highly
influenced by geology, existing lithological mapnwdified. The general geomorphological map

produced comprises modified Lithological map, stefdeposits and linear features.

4.1.Lithological Mapping

4.1.1. Introduction

Geomorphology is not only the study of landformst &lso analysis their relationships to
underlying structures, and of the history of geaathanges as recorded by these surface
features. Due to this geomorphology is highly esdatwith lithology. Rock types
(lithologies) vary in number of ways, out of whishsceptibility to physical and chemical

weathering and chemical composition can be mentione

The most dominant rock types in the area, discussetiapter one, are different types of
basalt, sandstone, limestone and shale. Compualitydbasalt and red sandstone are rich in
iron. Limestone is reach in carbonate; shale iseetql to bear clay minerals. This
compositional variation between rocks bring ocoweee of different types of surface

materials. Besides, the type of weathering expettegach unit is different. A type of

chemical weathering like oxidation is expectedromirich rocks. Dissolution features are
common on limestones. Physical breakdown of neteis expected in shales. Topographic

remnants of lithologies after chemical and physieahthering are distinct.

Lithological map of the area is extracted from &Rris 1:2,000,000 Ethiopian geological
maps provided by GSE. Five types of rock formatiare mapped and described within the
study area. This small scale geological map is pt@eh in 1996. It is prepared by
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collecting data along widely spaced traverses. $yjd of mapping is subject to error at the

boundaries of rock units.

4.1.2. Image Enhancement Techniques

In this unit a number of enhancements of sateiiiteges are conducted to modify the
boundaries of existing lithology. Most of bandimatand combinations used in this analysis
are adopted from ASTER Mineral Index Processing bdduiKalinowski and Oliver, 2004).
Band ratio options for enhancements of features Fklerrous rocks, Carbonates, Silicates
and Silica are stated. Few suitable band ratios @ndbinations are used to modify
lithological boundaries. Spectral reflectance careeknown areas are analyzed to draw out
band ratios. Digital elevation and relief map isoalised for similar purpose. The following

graph on figure 8. shows spectral signature ofcseteareas.
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Figure 8: Spectral signature of selected areas.

As shown in the graph the spectral responses offirdiedwo bands which are within the
visible range of electromagnetic spectrum are bedckonsiderable contrasts are detected
in the infra-red region which are bands 3, 4, Bn@ 7. Some band ratios are drawn out
from the spectral curves which are believed toigeificant for lithological discrimination.
The basic principle is taking the ratio of bandshafjh DN value against low DN value
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within a single spectral curve. By doing this soband ratios (4/2, 4/5, 6/7 and 6/3) are

prepared to discriminate lithologies.

ASTER Satellite image rationing of bands (2/3) 3J4and a relief map is used to delineate
the boundaries between basalt and sandstone mottigern part. Figure 9 shows the sharp

distinction between the rock units both on thesfelnap and the above stated band ratio.
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Figure 9: a) Relief map b) band ratio of (2/3) x (4/3) of selected area.

Most of the study area is covered by three typebashlt. These are Aiba basalts: flood
basalt with rare basic tuff; Alajae Formation: s#ional and sub-alkaline basalts; Tarmaber
Megezez Formation: transitional and alkaline baséltese basalts vary in their silca

composition and alkali oxides (M2 and KO). Spectral signature of these units is believed

to vary based on composition and degree of weatteri

Aiba basalt is distinct from transitional and aikelbasalt of Tarmaber Megazez Formation
in band ratios of (5/3) + (1/2). This band rasosensitive for ferrous iron (Fe2+). Basalt
majorly composed of 45-55 wit% silica ($)Oalso contains 5-14 wt% of FeO.

Discrimination of the two types of basalt using #imve band ratio may have resulted from

different oxidation level of Iron. Reverse anomalydetected in band ratio of 2/1 expected
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to enhance Fe3+. Figure 10 shows the two typenbéncement used to discriminate the

basalt types.
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Figure 10: a) Band ratio of (5/3) + (1/2), enhances Aiba Basalt b) Band ratio of 2/1, enhances Tarmaber
Megezez Formation

The upper boundary of sandstone is mapped usincabloge mentioned enhancements
(figure 9) used to detect the basalts. The sandsi®roverlaying the Antallo Formation

which is majorly limestone. The contact betweenliimestone and overlaying sandstone is
traced on band ratios of 13/14 used to enhanceocatés. This band ratio makes the
Antallo Formation and Abay Formation (also carbehatery distinct from the overlaying

sandstone. However it leaves challenge to disoatei the two types of carbonates. Abay
formation underlaying Antalo Formation is known lbear intercalations of shale and
gypsum. Difference in texture and relief is usedi¢lineate the Abay formation. Figure 11

shows enhancements for carbonate mapping and aéxitferences.
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Figure 11: a) ASTER image 13/14, carbonate enhancement, b) Mapping Abay Formation using textural
differences

Adigrat Formation, which is red sandstone undedyihe Abay formation, terminates its
extent out of study area. This unit is not mappédhengi Formation and Alajae formation
are similar in composition except in their intest@n and degree of weathering.
Discrimination of the two units is also very diffit due to very small area coverage of

Ashengi Formation. Figure 12 shows modified litgital map of the area.
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4.2.Surface Deposit Mapping

4.2.1. Introduction

Geological process like erosion and depositionebal and physical weathering, leave
remnants on the surface as well as create newcsutligposits. These processes happen near
the surface of the earth or at shallow depths.i&nosxposes fresh rock making geological
mapping very easy. Contrarily depositions coverntgurock and leaves challenge in
geological mapping. Understanding the nature asttibution of this surface deposits is
important to draw out the geomorphological procesdehe area.

Recent deposits (Quaternary deposits) are of l@yest concerning engineering geological
applications and land use planning. Most of theetinthese deposits, due to their occurrence
near the surface, become foundations of structaresource of construction materials.
Surface deposits are also focus of environmentatems due to their vulnerability to
pollution and degradation.

Physical and chemical breakdown of rocks form déffe varieties of soil. Laterite is very
common deposit in tropical areas. Laterite can &ndd as a highly weathered material
reach in secondary oxides of iron, aluminum, ohb@homas, 1974). It is nearly void of
bases and primary silicates, but it may contaigdaamount of quartz and kaolinite. Nearly
all laterites are rusty-red because of iron oxitggure 13 shows laterite deposit.

Figure 13: Laterite deposit
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In steep slopes, weathering products (regolithe,teansported and deposited down slope to
form colluvium. Colluvium is the name for loose Iesl of sediments that have been

deposited or built up at the bottom of a low-grattgpe or against a barrier on that slope,

transported by gravity. In the area colluvial defsosccur in the valley faces.

Sand, gravel and coble deposits lay on the river @emain rivers. These deposits are
significant to this work due to the wideness of theer channels accommodating
considerable volume. Typical river sand deposshiswn in figure 14.

Figure 14: River sand laying on river bed and colluvial material deposited at the river bank

A kind of chemical weathering called oxidation oashlts within the study area create
yellowish to dark brown surfacial material callachdénite. The occurrence of limonite

sometimes can be referred with alteration. Limoniger is expected in areas where high
iron bearing rocks like basalt are available. Lim®noccurrence may increase the
weathering resistance of the rocks and create ip@siopography. Hence thin layer of

limonite is expected in exposed rocks with higmioontent (figure 15).
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Figure 15: Limonite occurrence on basalt

Rivers flowing in gentle slope deposit clay andnhosoil called Alluvium (Alluvial Soil).
Alluvial soil is a fine-grained fertile soil deptsd by water flowing over flood plains or in
river beds. The fertility of alluvium and its ocecence near river makes it favorable for

agriculture.

4.2.2. Enhancements for Surface Deposits

Surface deposits by their nature of occurrenceeap@sed which makes mapping easy with
least enhancements. ASTER satellite image bamakrat 4/5 is known to enhance laterite
deposits (Kalinowski and Oliver, 2004). This enlament also helps to map colluvial

deposits. Laterite and colluvial deposits haveilamspectral reflectance. The two units
vary in place of occurence. Colluvium pulled dolngravity is expected at valley faces
and bottom of slops. This unit in most times is cavered. Laterite is found in gentle slope
areas and can further decompose to create ressilal Figure 16 shows laterite and

colluvium differentiated by topography of deposii@ environment.
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Figure 16: a) Band ratio 4/5 used to enhance laterite deposit. b) Slope map. c) Laterite and colluvial
deposits.

Limonite forms at the surface of iron bearing rockse to oxidation. Basalt is known to
have high concentration of iron in oxidation state-2 (Fe 2+). During oxidation thin layer
of limonite composed of (Fe 3+) accumulates atdhdace of the basalt. ASTER image
band ratio of 2/1 is recommended to enhance Feomc(Kalinowski and Oliver, 2004). The
band ratio shows positive anomaly on basalts spallif on the transitional and alkaline
basalt found in the northern part of the study aFegure 17 shows band ratio of 2/1 and

corresponding limonite map of part of the studyaare
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Figure 17: a) Band ratio of 2/1 for Fe3+ mapping. b) Traced anomalies of limonite

The main river Muger River crossing the study anea river bed width of up to 1 km.
River sand is distinctively deposited throughowt tiver beds. This unit is easily visible in
most false color compositions of ASTER Image. Rsand is delineated following the river

by comparing a number of band ratios and combinatio

Band ratio combinations of 4/1, 3/1 and 12/14 inER&e suitable for discrimination of

mapping (Kalinowski and Oliver, 2004). This comkioa shown in figure 18 has given big

contrast between a number of features. Alluvial sothe eastern and southern part of
study area is delineated using this compositioret Weas due to river within the alluvium
are distinct.
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Figure 18: False color composite: 4/1, 3/1 and 12/14 in RGB

All the surface deposits enhanced and mapped ubmgbove explained band ratios and
combinations are complied in one map as showngurdi19. Most of the area is covered
by either of the above explained surface depoBltmk areas which are not mapped in this

unit are exposed rocks with least or no surfacesiep
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4.3.Mapping Linear Features

4.3.1. Introduction

Due to the advancement of remote sensing and Glghodogies, land form mapping is
aided by computer visualization of digital Elevatidlodel (DEM). Land forms were
originally mapped directly in the field; howeverthdvent of remote sensing technologies
has meant that larger areas can be mapped by fexogie in less time (Mike and Chris,
2005).

Land form mapping has been a primary method of dali®ction across a wide range of
earth sciences. Satellite imagery and DEMs ararthe remote sensing technologies and
these have been used extensively to map landfones @ wide range of applications.
DEMs can be enhanced to produce map layers forflama mapping. Relief maps, slope
maps and slop curvature maps are outputs of DEMd ts map land forms. In this unit

landforms are enhanced and visualized and linednrfes are mapped.

The land forms in the study area are influenced thy most dominant geological
phenomena, erosion. Extensive erosion is observéitkibare land valley and mountainous
mixed land use physiographic zones. Deep valldiffs, steep mountains and escarpments
are observed. The agricultural flat land is fowmdthe elevated plateaus and shows small
elevation difference and gradient. Relatively ekteinerosion is least in this zone. Linear

features of tectonic origins are thought to be gme=d in this zone.

4.3.2. Image Enhancements for Linear Features Mapping

Extensive erosion in the study area has left desylged canyon, steep cliffs, escarpment
and plateaus. Escarpments mark boundary betwetaptaand valley faces. Escarpments
are susceptible to mass wasting due to gravitdtionih Slope map produced from DEM

shows topographic gradients. Slope curvature mapoguced by conducting 3x3 high pass
convolution on the slope map. Two different levefsescarpments are mapped from the

original slope map and 180 meters resolution resaanimage as shown in Figure 20.
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Figure 20: a) Slope map. b) Escarpments digitized from slope maps.

One of the outputs of DEMs is relief shading. ReBdading is the use of light and dark
tons to depict the form of land; it makes the mppear as if illuminated by the sun from
imaginary azimuth and solar elevation angle. Thiscess makes the land look three
dimensional by the use of graded shadow effectieRshading is popular because it
highlights subtle variation in the surface and waHo their realistic depiction and
interpretation. Features can be enhanced or suggutdsy manipulating the illumination
direction. Landforms are more clearly depicted whkminated from a direction at right
angles to the lineament trend (Mike and Chris, 20DBear landforms shaded from certain

azimuth are less visible. This is called azimutkslrig.

Three relief maps of azimuth angle 100, 190 andrtimltermediate are produced to map
linear features. Each relief shading prepared @sakmnto enhance linear features of similar
orientation; that is perpendicular to azimuth anglue to these composite images of the
three relief maps and their principal componentlhams is used to trace linear features
within the highland plateaus. Figure 21 showsstiaeked relief map and it's PCA.
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Figure 21: Composite Image of three relief maps, azimuth angle: 100, 145 and 190. b) PCA of the relief
composites. c) Traced linear features and escarpments.

The relief map uniquely also showed circular emestemnant in the highland plateaus
shown on figure 22 a). These circular features adogerved only on the basaltic terrain
found in the northern part. Erosion remnants withie@ main valley incision are visible on
the relief maps as shown in figure 22 b). Mostlémrms like valley, cliffs and mountains

are easily visualized using the relief maps.
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Figure 22: a) Relief map showing circular erosion remnants on the basaltic terrain. b) Land form called
messa formed by erosion.
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5. Morphological Dynamics and Visualizations
5.1.Erosion Volume Estimation

The occurrence of deep canyons in the study ardaegposure of section of underlying
lithologies makes incision volume estimation bitenest. The last sedimentary succession
Amba Aradom Formation is evidence for flatnesshef area during late Cretaceous. Series
of flood basalt eruption occurred in the area alssured the formation of nearly horizontal
surfaces during the epoch of Oligocene. These foom&a have gone through some
geological processes changing the semi-horizon&taih during their formation.
Occurrence of flood basalt unconformabily over uppandstone evidences rough
topography caused by erosion on the upper sandsidree flood basalt has also lost its

semi-horizontal surfaces due to the occurrenceadmnt volcanisms and deep erosions.

Topographic contrasts formed by deep erosion asiyeasible from the digital elevation
model. There is about 2000 meters of elevatioredbfice between the lowest point at the
mouth of the main River Mugger and mountain pick$hie northern part. The topographic

variations are formed by extensive erosion.

By inter-connecting the locations and elevationsrerhnants of erosion, it possible to
construct the then (before deep incision has oedjrdigital elevation model of the area
termed as Paleo-DEM. Six mountain picks within andiside the study area are taken as
remnants of erosion since the occurrence of baggtsnterconnecting the mountain picks
valuing their elevation, using spline interpolatid?aleo-DEM of the area is constructed.
The Paleo-DEM, taken as least possible elevatioth@farea just after the occurrence of
flood basalt, looks like flat within the study arglowing least variation. This constructed
DEM is taken as the minimum possible elevatiorhefdrea had there been no erosion since

the occurrence of Oligocene flood basalt.

Modern digital elevation, ASTER DEM of 30 meters, subtracted from Paleo-DEM to
show possible depth of incision at every pointgureé 23 shows the modern DEM and depth
of incision of locations. The figure shows thanhimum of 250 meters thick land mass has
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been eroded from the highland plateaus. The intigaes even up to about 2147 meters in
the deepest valley in the western part.
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Figure 23: a) Shows modern DEM. b) Estimated depth of incision.

The map shows at least 250 to 2147 meters deghosion. Volume of erosion is estimated
using Cut and Fill analysis of Arc GIS 9.2. Abol#21 km3 volume of rock is eroded from
the area. This shows that an average of 1167 ma¢pth surface material is removed from
the area since Oligocene (ca. 29 Ma).

5.2.River Bed Morphology Change using Aerial Photos

5.2.1. Introduction

Aerial photography is the taking of photograph loé ground from an elevated position,
usually from planes and balloons as a platformigAhg@hotographs are used in cartography,

land use planning, geological mapping, landform pivagy, environmental studies and so on.

Even though advancement of remote sensing provVidgsresolution multispectral satellite
images, still analog aerial photos are importanttfie@ir availability in hard copy and good
resolution. The 1:50,000 aerial photos providedEMA have much better spatial resolution
than the commonly available satellite images. @ ephoto of 1957 and 1986 available

41



today can be taken as historic Aerial Photograpfisualization and spatio-temporal

variation assessment of landforms is possible usiege aerial photos.

One of the specific objectives of this work is itiBfing suitable GIS and remote sensing
techniques for geomorphological mapping. The a®dymade in this unit does not cover

the whole study area, rather is made on selectea pbotos.

5.2.2. Orthorectification

Aerial photographs are originally acquired in haapies. Camera information like lens
focal length, flight height, scale, ground contpalints, fiducial points and corresponding
attributes should be acquired accompanying thealaphotos. Some of the information
mentioned above can be indirectly derived from otineages or topo-maps. Digitizing
(scanning) these aerial photos, with appropriat&sing resolution, is the first task of data
preparation. Aerial photos do not have orthogomajegtion; they have radial distortion
induced by perspective view of cameras. Terraiogogphy also introduces distortion to the
aerial photograph. These distortions are removedrbynalysis called orthorectification.
The topographical variations in the surface ofé¢heh and the tilt of the aerial sensor, affect
the distance with which features on the aerial nage displayed. Figure 24 shows original
aerial photo and orthorectified one. Orthorectifatial photo is sometimes referred to as
orthophoto.
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Figure 24: Original aerial photograph and orthophoto.
5.2.3. River Morphology

The term river morphology is used to describe th@pss of river channel and how they
change over time. In geomorphologicaly active askape of river channel is not preserved
for long time. Erosions and depositions changestiepe of depositional features within the
channel, shape and dimension of the channel anpktiheof active flowing water.

Availability of 1957 and 1986 historic aerial phgtaphs is a big asset for assessment of
dynamics of river morphology. In conjugation, tH#08 google earth image is also used for
comparison with the aerial photographs. Subjectiver morphology evaluation is
conducted for two selected locations using the almtatasets as shown in figure 25.
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Figure 25: Aerial photographs and Google Earth image showing river morphology change on two selected
locations.
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The boundaries of the river channel on figure 26hange gradually as shown from 1957’s
aerial photo to the 1986’s. In the north-westernt p& the map the bank of the river is
further eroded widening the river channel. The pHthctive water flowing within the river
channel has gradually changed on the three imaggdaged. Figure 26 b shows
representative image where the shape of deposivahs the river bed gradually changes.
The triangular shaped sand deposition pointinglseatd at the contact of the two rivers
changes its shape and becomes elliptical in thenseitmage. This sand deposit appears in
triangular shape again pointing northward in thegle earth image. Generally shape of the
river channel, depositions within it and activewlng water path changes gradually within

the time frame discussed.

5.3.Pan-Sharpening and 3D Visualization

Pan-sharpening is a process of merging high rasalyganchromatic and lower resolution
multispectral imagery to create a single high nesoh color image. Pan-sharpening is
sometimes called resolution merge. It is customi@rgonduct such kind of analysis using
gray scale high resolution satellite image layethviow spatial resolution colored satellite
image to produce colored high spatial resolutiorage In this unit 5 meter spatial
resolution orthorectified aerial photo is used gsaachromatic layer and 15 meters spatial
resolution ASTER VNIR stack image as multispectraige to conduct pan-sharpening.
The resulting image is colored 5 meters resoluitioage with distinct contrasts suitable for

geomorphological mapping.

The pan-sharpened image is then dumped on didgehtion model of the area to visualize
3-Dimentional features as shown in figure 26 usiRDAS IMAGINE Virtual GIS tool.
IMAGINE Virtual GIS is a powerful yet easy-to-uséswal analysis tool that offers GIS

functions and capabilities in a 3D environment.
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Figure 26:Pan-sharpened image and 3-Dimentional view dumped on DEM.
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6. Result and Discussion

The Blue Nile Gorge for long time has been usedatsral laboratory to understand the
geodynamics of continental rifting and evolution ledminis (Gani, 2007). Elevated
plateaus of about 3,200 meters a.s.| and valletpimobf about 1,300 meters a.s.l. caused by
incisions of the Muger River has brought big tomgdnic contrasts visible in the digital
elevation model. The incision has also caused xpesire of section of sedimentary strata
underlying the Tertiary basalt. Currently the aie&nown by its high erosion rate making

geomorphological study big interest.

In this study physiographic zoning is taken as @iminary approach to hypothesize the
geomorphological setup of the area. Three physpigcazones prepared considering the
DEM and Relief map, land cover map and existintgplibgical map gave general over view
of the area. Agricultural flat land zone situated laghland plateaus overlaying basalt is
extensively used for agriculture due to the avditgtof residual soil. Mountainous mixed
land use zone found in the southern side of the mnaér extending to north east falls in the
gentler valley faces. This zone is relatively deatiahal; the agriculture land use and
vegetations partially depend on colluvial deposithe bare land valley zone is highly
degraded area falling on the steep side of theeywallhe deepest incision is found in this
zone. The clear association between the physiogragmes and the surface deposits has
helped mapping. The three physiographic zoneslaoeuaed to subjectively select and tune

image enhancement techniques.

The boundaries of lithologies extracted from 1:P,000 geological map of the area are
modified by conducting a number of enhancementd8MER satellite image. Band ratios
and combinations recommended by previous researctied PCA helped to enhance
lithological variations for appropriate mapping.eTfollowing table (table 2) shows list of

enhancements used on ASTER image for lithologiaping.
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Table 2: Selected enhancements for lithological mapping

Enhancements

Suggested For

Differentiated Units

ASTER(2/3) x (4/3

Discrimination

Basalt Vs Sandstone

ASTER(5/3) + (1/2 Ferrous iron, F& Aiba basalt Vs Alajae
o . Formation

ASTER2/1 Ferric iron, F&

ASTER13/1¢ Carbonate enhancement Limestone Vs Sandston

e

Lithological boundaries are distinctive using thieoee mentioned enhancements. The

boundaries are considerably modified and are ctamgisvith the topography and river.

Geomorphological processes like weathering, erosm@hdepositions leave remnants on the

surface or new surface deposits.

By assessinghigsiography of the area deposits like

laterite, limonite, colluvium, alluvium, residuabik and river sand were targeted to be

mapped. The following enhancements listed in #ietare proofed to be suitable to map

surface deposits.

Table 3: Selected enhancements for surface deposits

Enhancements Suggested For Differentiated deposits
ASTER 4/5 laterite enhancement laterite and collivial
slope Map Terrain visualization deposit
ASTER 2/1 Ferric iron, Fe** Limonite mapping

Composite 4/1, 3/1, 12/14
in RGB Discrimination Alluvial soil, River sand
and Residual soil
PCA

The surface deposits are mapped showing specdimdtwith the river and topography.

River sand is accumulated in river bed, alluvial ea the highland plateaus, colluvials on

slopes and valley bottoms and limonites on platedbssalt.
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Land forms are well visualized in ASTER 30 metersotution DEM, three relief maps of
different illumination azimuth, stacked in to onenwosite image, showed subtle
topographic variations. Linear features are easigpped from composite relief maps
displayed in RGB. PCA prepared from composite feti@p also show feature contrasts.

Slop maps were used to map escarpments.

The output of much of analysis conducted so fae gise to the Geomorphological map of
the area displayed in figure 27. The terrain issifeed in to different landforms. Elevated
gentle slope area in the northern part is labeighldnd plateau. Remnants of erosion on the
highland plateaus are categorized as residual. Ailkle plateaus in the southern part are
highly eroded and are called dissected plateaepSiad gentle valley faces, valley buttom
and flood plains are also zoned.
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Figure 27: Geomorphological map
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The highland plateau gave rise to surface deplasitsite, laterite, residual soil and alluvial

soil. Limonite is associated with composition ofal; laterites and residual soil occurred
due to the flatness of the basaltic terrain. Lowarse rivers have deposited alluvial soil.
Surface deposits exposed within the valley areug@ls and river sand. Steep faces of the
valley and elevated areas in the north are dermuttsurfaces with least or no occurrence

of surface deposits.

As one of the objectives of this work is identifgimppropriate remote sensing and GIS
techniques for geomophological studies. Incisionuv® estimation, river morphology
evaluation and 3 Dimensional visualization of dijaerial photograph with satellite image
are conducted.

Incision volume determination used the concept ohstructing paleo-DEM (Digital
Elevation Model of known geologic time) by using&pon remnants within and around the
study area. Modern DEM subtracted from paleo-DEM fshown depth of incision
throughout the area. It is also known that more tAa00 kni volume of rock is eroded
from the area since Oligocene, bringing averagehdeperosion throughout the study area
to be 1,167 meters. Previous works has statedhttemige depth of incision throughout Blue
Nile River basin is about 370 meters; this shoved the study area is severely affected by

erosion even compared with other areas in the BileeRiver Basin.

Dynamics of river morphology is well understooddmmparing aerial photographs of 1957,
1986 and 2006 Google earth image. This analys@demonstrated in two selected areas
only. The progressive river channel shape changeshape of deposits within the river

channel depicted active river morphology.

High spatial resolution multi spectral image, proeld using pan-sharpening or resolution
merge is found suitable for landform mapping. Phargening is proofed possible using
orthorectified aerial photo as panchromatic layethwnutispectral satellite image. The
output image also dumped on DEM using virtual Gd8l tof Erdas Imagine showing 3

Dimensional views of the area.
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7. Conclusion and Recommendation

Conclusions

Even though the area is known by its severe erpsionsiderable coverage and
verity of surface deposits are revealed. These giepbave intern influenced the
land use/cover of the area.

The occurrence of surface deposits showed the pres# high rate of physical and
chemical weathering, and active transportatioroofé materials.

The high spectral resolution (14 bands) ASTER k&tamagery is powerful for
both lithological mapping and surface deposit magpmiue to its ability to create a
number of band combination and rationing options.

Physiographic assessment helped mapping in prayidiases to hypothesize
geomorphological setups and delineate zones ftardiit image analysis.

Relief maps of different illumination azimuth, whicare produced from DEM,
stacked in to composite color images are suitai¢ojpographic feature mapping at
single view.

Pan sharpening is proofed possible using orthdiedtaerial photograph and multi

spectral satellite image.

Recommendations

Geomorphological maps should be prepared and apjitie effective land use
planning, geohazard mitigation and environmentatgmtion.

The availability of aerial photos of 1957 and 19&5 valuable asset for
morphological analysis and change detection. Heesearchers in this area should
experience the importance of this dataset.

Large scale geomorphological map can be produced USSTER satellite imagery

if enough ground truthing can be carried out.
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