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1.1

Survey Summary

Objective and area of the project

a. Objective of the project

The geological and hydrogeological study was executed as a part of the Project of
“Groundwater Resources Assessment in the Middle Awash River Basin in the Federa
Democratic Republic of Ethiopia (hereafter, the Project)” based on the results of the record of
discussions (R/D) agreed and signed by the Federal Demacratic Republic of Ethiopia and
Japan International Cooperation Agency (JCA) on 27 May 2013. The objective of this
geological and hydrogeological study is to create the geological map and hydrogeol ogical
map in the Middle Awash River Basin based on the results of the analysis of geology,
hydrogeology, and water quality and to discuss the groundwater potential through the use of
the geological and hydrogeological map.

b. The Project schedule
The Project started in May 2013 and was confirmed to end in December 2015.
C. Area of the Project

The area of approximately 20,000km? in the Middle Awash River Basin covered by the
geological and hydrogeological mapsis shown in Figure 1.1.1 below;

Source: the Project Team, Data: Production by Project member

Figure 1.1.1: Area Covered by the Geological and Hydrogeological Maps
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1.2 Methodology of the Project
a. The Project flow

The Project flow was shown in the following Figure 1.2.1; The geological and
hydrogeological maps were created mainly by five works, namely satellite image analysis
(for example land classification, lineament analysis), classification of geological units based
on the existing geological maps and reports, geological field survey, arrangement of existing
well data, and evaluation of hydrogeological units.

Satellite Image Analysis
Landform Classification
*Drainage
Lineament
*Land Use and Others

-Existing Geological and Hydrogeological Maps

< *Existing Geological and Hydrogeological Reports
*Others

Field Survey (Geological Survey) |—’

Y

| Area Geological Map

-Existing Geological and Hydrogeological Reports
+Existing Well Information (Well Log, Water Level, etc)

< +Existing Well Completion Report
*Field Survey (Geological Survey, Geophysical Survey,
Well Drilling, Water Quality Testing )

<—|Satellite Image Reanalysis |

Whole Geological Map and Cross—Section |

=Correlation of Lithology

= Aquifer Parameter
"Water Quality Testing Results (Laboratory)

*Field Survey (Pumping Test, Water Quality Testing on site)
v =Others

Hydrogeological Map |

Source: the Project Team, Data: Production by Project member

Figure 1.2.1: The Project Flow
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b. Satelliteimage analysis

b.1 Satelliteimage

The interpretation of surface information on satellite imagery to grasp the volcanic
geographical condition and geological structure for the basic data of hydrogeological
condition was conducted using the following satellite imagery (refer to Table 1.2.1).

Table 1.2.1: Satellite Image for Interpretation

Satellites Shooting data and information Main purpose
SRTM 1994-, resolution, 30m Extract DEM to create contours
SPOT 2006-2007, Pacromatic, 0.5m (high accuracy) , Lineament,
resolution Geological structure, Topography,

Vegetation, Collection of land use
information

ASTER | 2006, 3 bands, ortho-rectified Extract DEM, Interpretation on 3D
model

ALOS 2008-2011,resolution, 10m Elevation map, Hydrology information

map, Wide-area topography,
vegetation, Collection of land use
information

(ALOS: Purchasing areafor the shooting and shooting data)

The SOPT and ALOS satellite imagery have been shown in Figure 1.2.2 and Figure 1.2.3.
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C. Surface interpretation

The Digital Elevation Model (DEM) has been generated from the SRTM for shaded relief
model and Aster Satellite imagery (refer to Figure 1.2.4). The data has been applied to create
contours and shaded relief model to understand the surface characteristics of the Study area.
The shaded relief model has been utilized to assess the lineaments and other
geomorphological marks (such as volcanic craters and bodies) to support the structural
evidence in relation to its geological setting and history. The major faults, lineaments and
volcanic topographic aspects are presented in Figure 1.2.5 for using the shaded relief model,
SPOT and ALOS imageries.

The geologica structures in this area are characterized by the MER distributed from Rift
Valey Lakes Basin (hereafter refer to as“RVLB") and the Southern Afar Rift lied next to the
northeast of the MER. The MER extends from the southern Afar margin to the Lake Chamo
area in RVLB, whereas the South-western Ethiopian Rift (hereafter refer to as “SWR”) is
located to the west and represents roughly N-S trending basins related to the Kenya Rift. The
Gregory rift of Kenya links to the north with Chew Bahir rift. In accordance with Halcrow
2008, the character of the faultsin the two riftsis explained

In a large sense, the central MER direction has been changed from NNE-SSW in the
southwest Study area to NE-SW in the main Study area, and the western and eastern rift
escarpment run in NE-SW direction (refer to Figure 1.2.5).

Thisareais caled as northern MER, and the northern MER continues to run to the south Afar
Rift in NE-NNE direction. The east rift escarpment come to the rift floor as the step faultsin
the east rift of the Study area, but the west escarpment is unclear. The rift floors, plain area
bounded by the both side escarpment, lie in the grabens from the northern part of RVLB to
the northeast of the Study area. The scablands have distributed continuously in the rift floor,
and runs to the south Afar Rift. These volcanic bodies have lined from the Corbetti, Aluto
volcanos (the Aluto is active volcano) in the centra MER of RVLB to the Tullu Move,
Gedemsa, Boset, Kone and Fantale volcanoes in NE-SW direction in the eastern MER, and
have accompanied with caldera and rhyolitic pyroclastic flows largely. There are lots of
scoria pyroclastic cones in surrounding volcanic lines. The floor of northern MER is
dissected by clear, fresh NE-SW to NNE-SSE trending faults known as the WFB, and WFB
can be traced to the southern Afar Rift.
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Figure 1.2.4: ASTER DEM
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Figure 1.2.5: Topographical Information Map by Satellite Images
Source: the Project Team, Data: SRTM+ Result of survey in this project

1-8

(m)



The Project for Groundwater Resources Assessment JICA
in the Middle Awash River Basin, Final Report (Geological/Hydrogeological Maps) KOKUSAI KOGYO CO., LTD.

d. Creating of the geological map
The main existing geologica maps in the Project area and its surrounding areas are as
follows;

[

Geological map of Nazret, Ethiopian Institute of Geological Surveys (EIGS), 1978

® Geology and Developing of the Nazret area, northern Ethiopiarift, Kazmin etc. EIGS
1978

® Geological map of Dire Dawa, EIGS, 1985

® Geological map of Debre Birhan, Geological Survey of Ethiopia (GSE), 1993

® Geology of Debre Birhan area, Daniel Mesheha etc. compiled, GSE, 2010

® Geological map of Akaki Beseka area, GSE, 1997

® Geology of Akaki Beseka, Efrem Beshawered compiled, GSE, 2010

® Geology of Addis Ababa map sheet, GSE, 1997

® Geology of Addis Ababa city, Getahun assigned, GSE, 2007

A reliable hydrogeological map was created based on a detailed geological map. Therefore,
in the preliminary survey of geology in the field, the middle Awash River Basin was divided
into four areas in accordance with the aspects of geology and distribution. The strata of each
area were correlated based on the specific geology (a key bed), and the correlation chart was
described. Finally, the stratigraphy in the entire area was created and the geological map was
completed in the middle Awash River Basin (Map scale of 1:250,000 in the entire area and
1:100,000 in Lake Beseka areq).



Chapter 2

Summary of Geography and
Geology
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2.1

Summary of Geography and Geology

Summary of geography

a. Landform

The Study areais located in the northern sector of the Main Ethiopian Rift (hereafter referred
to as “MER"), and the Study area of the northeast broadens northward into the Afar Rift
(refer to Figure 2.1.1: 1 : Northern; 1I: Central and III: Southern of MER respectively).
The geological tectonic direction in the rift escarpment of MER has been changed from
NE-SW to ENE-WSW between II and 1 (refer to Figure 2.1.1), and it made an aperture
at the Aden junction in the Afar Rift.

The Study area is bounded by the western rift escarpment along the northwest highlands
heading towards Addis Ababa, and the altitude of the highlands ranges from 1500m to 2600m
above mean sea level (hereafter refer to as “amdl”). The graben in MER runs in NE-SW
direction. The altitude of the lowlands in the Study area changes from 1750m amsl of Tuluri
Mountain in the southeast, to 1000m amsl at Awash area in the east. The rift floors are
subjected to recent volcanic activities from Moye volcano (atitude 2349m amgl) in the
southwest, to Fantale volcano (atitude 2007m amgl) in the east. In between of the two
volcanoes, severa volcanoes and pyroclastic cones are distributed continuously. In Arsi zone,
located in south and southwest in the Study area, the rift escarpment is located between the
central rift of MER to the west and the Arsi plateau to the east. The dtitude of this
escarpment ranges from 1500m amdg to 2500m amsl. The Arsi plateau bounded by the
lowland in the east and the altitude of the lowland changes from 1000m to 1900m amsl. The
Arsi plateau elevation ranges from 2000m amsl at Sire to 3625m amsl at Arba Gugu

Mountain. 34 38 a2
16
12
8
4
34 38 a2
Source: G. Woldegabriel, 1990
Figure 2.1.1: The Central Sector of the MER
b. Water shed classification

In Ethiopia, there are 12 major basins and each is subdivided into minor sub-basins (divided
by the Ministry of Water Resources (hereafter refer to as “MoWR”) (old name) refer to
Figure 2.1.2). The Study area lies next to the northeast of Rift Valey Lakes Basin and the
topographical elevation decreases toward the northeast in general. The Awash River flows
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toward the northeast, in which direction the elevation of topography also decreases, and its
flow direction changes to the north in its middle area.

VEREB GASH International Border
River Basins Border
TEKEZE Major River

DENAKIL Other Rivers
Fresh Water

Safety Lakes

AYSH Sandy Salt Plain
ABBAY
AWASH
BARO AKOBO
OGADEN
RIFT VALLY
OMO GIBE WABI SHEBELE
GENALE DAWA

Ministry of Water Recourses

Water Recourses information,
Natural Recourses & Environmental Meta data
Center
GIS & Remote Sensing Group

Source: Ministry of Water, Irrigation and Electricity: MoWIE

Figure 2.1.2: Major Basins in Ethiopia
C. Hydrographic system

The Awash River source is Mt. Warque in the west of Addis Ababa. The river runs toward
south-eastern direction for around 130 km and then changes its direction to the northeast at
around Mt. Zuqualla. After passing through the Awash National Park, the Awash River is
being joined by the Kesem River, the biggest tributary, from its left bank side. The river
finally flows into Lake Abbe located on the national boundary with Djibouti. Since Lake
Abbe has no water outfall, the Awash River Basin forms a closed water area. The total length
of the Awash River is 1,200 km and the total catchment areais 112,700 km?.

The Middle Awash River Basin is defined by the Ministry of Water, Irrigation and Energy
(MoWIE) as the watershed area upstream Melka Werer town in Afar Region. Tota
catchment area of the Middle Awash is 29,280 km? according to the measurement by the
JCA Study Team with available Digital Elevation Models (DEMs). The length of the Middle
Awash reaches around 380 km.

General topographic view and river system of the Middle Awash River Basin are shown in
Figure 2.1.3 and Figure 2.1.4, respectively.
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Figure 2.1.3: Digital Elevation Model of the Middle Awash River Basin
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Figure 2.1.4: River System of the Middle Awash
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2.2

Regional geological and tectonic setting

a. Regional geological setting

The study area belongs to northern part of the Main Ethiopian Rift (MER). MER devel oped
over a span from the Oligocene to the Quaternary. During that period, major volcanic
episodes are recognized in Oligocene, middle Miocene, late Miocene, early-middie
Pleistocene and Holocene (WoldeGabriel et al. 1990). An overview of the history of MER
development is as follows;

The oldest volcanic activities are basalt and rhyalite flows in Oligocene, exposed in and
around the rift margins (e.g. Blue Nile gorge), which formed lava plateau in the surrounding
area. By middle Miocene, the rift was formed in some parts with containment basaltic flows.
In Pliocene, a huge pyroclastic flow covered the northern part of study area. This
characteristic pyroclastic flow deposit is currently observed at the depth of around 2100m in
the basin floor by geothermal well, indicates a minimum of 2km of downthrown in the rift
basin since its eruption (WoldeGabriel et a. 1990, WoldeGabriel et al, 2000).

In Pleistocene, Wonji Fault Belt (WFB), which is the main spreading axis of MER, is formed
at the rift floor, and floor basalt and rhyalite are erupted along WFB. The volcanic activities
are characterized by perakaline fissure basaltic eruptions and rhyalitic eruptions which make
volcanoes and calderas. MER was formed as symmetrical depression zone in this period and
many lakes appeared and disappeared by obstruction of volcanic deposit and/or climate
change.

b. Regional tectonic setting

The initial stage of MER formation is closely related to that of the Red Sea and Aden Sea. In
Mesozoic time, north — central MER was bulged. That is deduced by the existence of thick
Mesozoic sediments in Kella horst (North of Butgjira) and the Blue Nile gorge.

In Oligocene, large and huge volcanic activity created a lava plateau. In early Miocene, three
radial rifts might have been formed in the plateau. After that, two rifts spread open and were
downthrown to the sea, which became the Red Sea and Aden Sea. The other rift, which was
not spread well, became the MER.

Such kind of tectonic activity is considered to have occurred in the initial stage when the
continent started splitting, and caused by rising of hot plumes from the mantle (refer to Figure
2.2.1).

Structural and stratigraphic relations of volcanic rocks along both rift escarpments of MER
indicate a two-stage rift development. The early phase started during late Oligocene — early
Miocene and was characterized by a series of aternating and opposed half grabens. The
half-grabens evolved into a symmetrical rift during the late Miocene. The area also was
characterized by active rifting during Plio-Pleistocene, around 2000m of subsidence was
estimated (WoldeGabriel et al, 1990).

The rift floor is nowadays covered by lakes, lacustrine sediments, basalts from fissure
eruptions, and silicic tephra from the nearby Quaternary volcanoes.
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Figure 2.2.1: Schematic Diagram for Development of Red Sea Rift and Aden Sea Rift,
and failed African Rift (MER), (Source: http://www3.interscience.wiley.
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