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1. Meteorology and HydroIogy 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (1/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (2/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (3/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (4/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (5/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (6/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (7/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (8/9) 
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Data 1.1  Daily Rainfall Graph of 18 Major Meteorological Stations (9/9) 
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Data 2.3  Stratigraphy of the Study Area with Measured Absolute Ages
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Welded-Tuff

0.21±0.01My(1)
0.28±0.01My(2)
1.35±1.05Ma

（Uk110127-01SP07,L.Shala)

Bilate river Strongly Green
Welded-Tuff 0.21±0.01My(1) Hantate Strongly Green

Welded-Tuff

0.21±0.01My(1)
0.19±0.02Ma

（Uk110125-01SP08,Kulito)
2.33±0.05Ma

（Uk110124-03SP09,Hantate)

Hantate Strongly Green
Welded-Tuff

0.21±0.01My(3)
0.91±0.03Ma

（Uk110124-01SP10,Dila)
Degabulae Basalt(Qd) Rhyolitic to Andesitic welded tuff

Adami Tulu basaltic
pyroclastics

Shala Senbete basaltic
pyroclastics

Abaye ridge basaltic
pyroclastics

1.27±0.1My(1)
0.96±0.1My(1) Donga basaltic pyroclastics Bridge of God Basalt(Qb)

0.68-0.99Ma(2) Basaltic tuff breccia to Lapili tuff

Lake Chitu Basalt 0.86±0.15My(2)
1.02±0.03My(2)

Segen Basaltic lava
cones(Qs) Basaltic lave dome

Ogolche Basalt 1.16-1.97My(1) Deneba Basalt 1.16-1.97My(1) Yubo Basalt 1.60±0.1My(1) Kebado Basalt Nechsar Basalt:Qn)
1.34Ma(2) Massive basalt lava

Lekansho Lake deposits Lacustrine deposites such as mud, sand
and gravel layers

Gademotta rhyolite
1.30±0.1My(1)
1.27-1.28My(3) Aje rhyolite Gademotta rhyolite 1.30±0.1My(1)

1.27-1.28My(3) Wendo Genet Rhyolite 1.10-1.85My(1)
2.49±0.1My(1) Hobicha rhyolite 1.57My(2) Gecho Rhyolite Rhyolitic lava and tuff

Bofa Basalt Lepis Basalt 2.54±0.1My(1) N2b
(GSE,2003) Basaltic lava and pyroclastics

NQs
(GSE,2003) Rhyolitic tuff

Hangasu Rhyolite Munesa rhyolite
3.53±0.2My(1)
3.51±0.2My(1) N1_2n

(GSE,2003)
2.59-2.67My(1)
3.6-4.1My(1) Wijigra Rhyolite 3.69-9.70My(1) Plasioclase rhyolitic tuff

N1n
Anchar basalts

(GSE,2003)
8.3-8.37My(1)
8.5-10.6My(1) Basaltic lava and pyroclastics

N1ar
(GSE,2003) Ryolitic tuff

Sharenga Rhyolite Rhyolitic piles and necks

Middle Basalt
12.6My(1)
12.9My(1)
11.1My(1)

Middle Basalt
12.6My(1)
12.9My(1)
11.1My(1)

Prous basaltic lava

Shole Welded Tuff
35.5-37.0My(1)

33.9My(1)
29.55±0.65Ma

（Uk110124-02SP05,Dila)
Shole Ignimbrite 35.5-37.0My(1)

33.9My(1) Rhyolitic highly welded tuff

Lower Basalt 36.7-37.9My(1)
37.6-44.9My(1) Lower Basalt 36.7-37.9My(1)

37.6-44.9My(1) Porous basaltic lava

Adigrat Sandstone
Antaro Limestone sandstone, limestone

Biotite Gneiss, Granite Biotite Gneiss Gneiss, Biotite Metagranite Biotite gneiss and granite

Note: The dating data in red are those analuzed in this JICA study and the sample ID in parenthesis is shown below
Note: Numbers in parenthesis indicate the references (see the bottom of each column) 

References: (1)GSE, 1994 (2)Ebinger et al.,1991

Abaya-ArbaMinchButajira- Hosaina

References: (1)WoldeGabriel et. al., 1990  (2)EIGS-
GLE, 1985 (3) Laury and Albritton, 1975

References: (1)WoldeGabriel et. al., 1990
References: (1)GSE, 1994 (2)GSE,2002
(3)WoldeGabriel et. al., 1990

Sodo-Dila-YirgaChafeLake Awasa

Post-rift Volcanics
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Lake Langano, Abijata, Shala

References: (1)WoldeGabriel et al, 1990  (2)Mohr et.
al. 1980

Period/Epoch
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Mesozoic

Pre-Cambrian

Lake Ziway

References: (1)WoldeGabriel et. al., 1990  (2)EIGS-
GLE, 1985 (3) Laury and Albritton, 1975
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              Data   2.4  Petrographycal Description of K-Ar Dated Rock Samples (1/2)

Sanidine Anorthoclase Amphibole Biotite Clino pyroxene Fe-Ti minerals

1 Uk110122-01SP01
South
Butajira:
Kibet

Highly Welded-Tuff（Ob-
Wt)/
Felsic Welded Tuff

1.27Ma±0.04Ma

The sample is least welded among the
10 samples. The texture of the essential
pumice fragments can clearly
recognized. The welded glass is brown
and the essential pumice fragments
show pale brown color. The
phenocsysts (and the crystals of this
size) are sanidein, amphibole, biotite,

Eutaxic

Most of them are
euhedral or
fragmented. Few
have melted
outlines. Max
diameter 2 mm.

Euhedral to
subhedral are
dominant. Max
diameter 0.4mm.

Many are in
euhedral forms.
Max diameter
0.6mm.

Euhedral to
subhedral forms.
Many are
subhedral. Forms
cluster phenocrysts
with Fe-Ti minerals.
Max diameter
0.4mm.

Granular forms.
Max diameter
0.6mm.

2 Uk110129-01SP02
West Asela:
Kulumsa

Highly Welded-Tuff（Ob-
Wt)/
Felsic Welded Tuff

0.26Ma±0.04Ma

The glass is brown and the welded
glass lenses became pearlite. The
phenocrysts include sanidine,
amphibole, Fe-Ti minerals, and opaque
minerals. The sample is rick in rock
fragments.

Eutaxic

Euhedral or
fragmented
shape. Max
diameter 1.8mm.

Euhedral to
subhedral. Many
are subhedral.
Max diameter
0.5mm.

Granular forms.
Max diameter
0.6mm.

3 Uk110126-01SP03
Kuyera
Quarry

Highly Welded-Tuff（Ob-
Wt)/
Felsic Welded Tuff

0.21Ma±0.01Ma

The glass is brown. Some welded glass
lenses originated from the essential
pumice fragments are observed.
Spherulites appear in these lenses.  The
phonocrystes are sanidine, amphybole,
clino-pyroxine, Fe-Ti minerals, and
opaque minerals. Especially rich in
sanidine and amphibole phenocrysts.

Eutaxic

Many show
corroded outline
but still euhedral
shpes. Max
diameter 2.4mm.

Many have
euhedral forms.
Max diameter
0.6mm.

Subhedral or
fragmented forms.
Max diameter
0.4mm. Fragmented
ones may not be
essential crystals.

Granular forms.
Max diameter
0.5mm.

4 Uk110128-01SP04
South
Awasa
Mt.Kuwe

Highly Welded-Tuff（Ob-
Wt)/
Glassy Welded Tuff

1.28Ma±0.03Ma

The sample is highly welded. The
welded lenses are elongated and show
micro-banded texture. The glass is pale
brown and are pearlite overall.  The
phenocrysts are sanidine, anorthoclase,
amphybole, clino-pyroxine, Fe-Ti
minerals, and opaque minerals. The
sample is also rich in rock fragments

Eutaxic and
pearlite

Many show
corroded, or
corroded
euhedral or
fragmented
forms. Max
diameter 2.4mm.

Fragmented form.
Max diameter
1.2mm.

 Euhedral to
subhedral. Max
diameter 1.5mm.

Fragmented forms.
Max diameter
0.4mm.

Granular forms.
Max diameter
0.6mm.

5 Uk110124-02SP05
West Dila:
Walem hill

Highly Welded-Tuff（Ob-
Wt)/
Glassy Welded Tuff

22.55Ma±0.65Ma

The sample is highly welded. The glass
is pale brown and are pearlite.
Spherulites appear in the glass. The
phonocrysts are sanidine,
pseudomorphs of mafic minerals, Fe-Ti
minerals, and opaque minerals. The
pseudomorp are concidered those of
clino-pyroxine from their shapes. The

Eutaxic and
pearlite

Corroded
euhedral forms or
fragmented
forms. Many are
corroded. Max
diameter 1.8mm

Euhedral to
subhedral and some
are pseudomorphs.
Max diameter
0.8mm.

Granular forms.
Max 0.3mm.

6 Uk110129-02SP06
West Asela:
Deneba

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

0.22Ma±0.04Ma

The glass is brown and recrystalized.
Micro crystals of biotite and spherulites
appear in the glass. The phenocrysts
are sanidine, amphybole, clino-pyroxine,
biotite, Fe-Ti minerals and opaque
minerals.

Eutaxic

Euhedral or
fragmented
forms. Max
diameter 1.6mm.

Euhedral to
subhedral. Many
are subhedral in
form. Max
diameter 0.4mm.

Euhedral forms.
Max diameter
0.3mm.

Euhedral in forms.
All are in
pseudomorph. Max
diameter 1.2mm

Granular forms.
Max 0.4mm.

7 Uk110127-01SP07
Lake Shala
East wall

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

1.35Ma±0.05Ma

The glass is brown and recrystalized
overall. Small crystals of amphybole can
be seen in welded lenses. The
phenocrysts are sanidine, anorthoclase,
amphybole, clino-pyroxine, Fe-Ti
minerals and opaque minerals. The
amout of anorthoclase is very small.

Eutaxic

Euhedral or
fragmetned
forms. Max.
diameter 1.5mm.

Fragmented form.
Possibly originate
from non-
essential rock
fragments. Max
diameter 0.4mm.

Euhedral to
subhedral. Many
are in euhedral
forms. Max
0.8mm.

Subhedral to
fragmented forms.
Some forms cluster
phenocrysts with
Fe-Ti minerals.
Fragmented ones
may have come
from non-essential

Granular forms.
Max diameter
0.6mm.

8 Uk110125-01SP08
Kulito: along
Riv.Bilate

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

0.19Ma±0.02Ma

The glass is brown and partially
recrystalized. Welded lenses of
essential fragments can be seen and
they contain spherulite micro-crystals.
The phonocrysts are sanidine,
amphybile, biotite, Fe-Ti crystals, and
opaque minerals. The sample is rich in
amphybole and poor in rock fragments.

Eutaxic

Corroded
euhedral form or
fragmented form.
Few show
corroded forms.
Max diameter
2.0mm.

Many are in
euhedral forms.
Max diameter
0.6mm.

Euhedral forms.
Max. 0.3mm.

Granular forms.
Max 0.4mm.

9 Uk110124-03SP09
West
Hantate:
Balto Quarry

Strongly Green Welded-
Tuff/
Biotite Rhyolitic Welded
Tuff

2.33Ma±0.05Ma

The glass is pale brown and
recrystalized overall. Spherulite crystals
appear in the essential glass lenses.
Micro-crystals of amphybole can only
been seen in the glass. The
phenocrysts are sanidine, biotete, Fe-Ti
minerals, opaque minerals. The sample
is rich in sanidine and biotite crystals

Eutaxic

Corroded
euhedral or
fragmented
forms. Some
show remarkable
corroded from.
Max diameter 2.2
mm.

Euhedral forms.
Max. 0.4mm.

Granular forms.
Max 0.3mm.

10 Uk110124-01SP10
West Dila:
Walem
Quarry

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

0.91Ma±0.03Ma

The sample is highly welded and the
essential welded lenses are remarkably
elongated. The glass is fresh and pale
brown. The phenocsysts are sanidine,
amphybole, clino-pyroxine, Fe-Ti
minerals and opaque minerals. The
sample is rich in sanidine cystals and
mafic phenocrysts mostly remain as

Eutaxic

Many are
euhedral forms or
fragmetned
forms. Max
diameter 2.2mm.

Many are in
euhedral forms.
Some are
pseudomorphs.
Max diameter
0.8mm

Euhedral to
subhedral. Many
form clustered
phenocrysts with
Fe-Ti minerals. Max
diameter 0.8mm.

Granular forms.
Max diameter
0.6mm.

No 1 - No.2 : Kulmusa Highly Welded Tuff
No 6 - No 10: Gonde Strongly Green Welded Tuff

PointsSample No
Texture

Strata Name/Lithology PhenocrystNo K-Ar Resuls Photo in the field

Photo under microscope

Opennicol Crossnicol Description
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              Data   2.4  Petrographycal Description of K-Ar Dated Rock Samples (2/2)

1 Uk110122-01SP01
South
Butajira:
Kibet

Highly Welded-Tuff（Ob-
Wt)/
Felsic Welded Tuff

1.27Ma±0.04Ma

2 Uk110129-01SP02
West Asela:
Kulumsa

Highly Welded-Tuff（Ob-
Wt)/
Felsic Welded Tuff

0.26Ma±0.04Ma

3 Uk110126-01SP03
Kuyera
Quarry

Highly Welded-Tuff（Ob-
Wt)/
Felsic Welded Tuff

0.21Ma±0.01Ma

4 Uk110128-01SP04
South
Awasa
Mt.Kuwe

Highly Welded-Tuff（Ob-
Wt)/
Glassy Welded Tuff

1.28Ma±0.03Ma

5 Uk110124-02SP05
West Dila:
Walem hill

Highly Welded-Tuff（Ob-
Wt)/
Glassy Welded Tuff

22.55Ma±0.65Ma

6 Uk110129-02SP06
West Asela:
Deneba

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

0.22Ma±0.04Ma

7 Uk110127-01SP07
Lake Shala
East wall

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

1.35Ma±0.05Ma

8 Uk110125-01SP08
Kulito: along
Riv.Bilate

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

0.19Ma±0.02Ma

9 Uk110124-03SP09
West
Hantate:
Balto Quarry

Strongly Green Welded-
Tuff/
Biotite Rhyolitic Welded
Tuff

2.33Ma±0.05Ma

10 Uk110124-01SP10
West Dila:
Walem
Quarry

Strongly Green Welded-
Tuff/
Felsic Welded Tuff

0.91Ma±0.03Ma

No 1 - No.2 : Kulmusa Highly Welded Tuff
No 6 - No 10: Gonde Strongly Green Welded Tuff

PointsSample No Strata Name/LithologyNo K-Ar Resuls
Alteration Zoning Reaction fringe Inclusion twin crystal

Angle of
axis（2V)

Alteration Zoning Reaction fring Inclusion twin crystal
Angle of
axis（2V)

Brown glass with
sanidine, amphibole,
Fe-Ti mineral.
Slightly altered.
Supherulite crystals
appear in the glass.

Volcanic rocks, tuff.
Some volcanic rock
fragments include
sanidine, ampibole,
clino-pyroxene

Fresh None None
Glass clino
pyroxene

Carlsbqd
type simple
twin

Less than 40o

(measured

15o - 40o)

Brown glass with
sanidine, amphible,
Fe-Ti minerals. The
glass is slightly
altered.

Volcanic rocks, altered
volcanic rocks and tuff
are dominant. Some
volcanic rocks contain
clino-pyroxene as
phenocryst.

Fresh None None
Glass, Fe-Ti
minerals

Carlsbad
type simple
twin

Less than 40o

(measured

15o - 40o)

Brown glass with
sanidine, amphibole,
clino pyroxine, Fe-Ti
minerals. Slightly
altered. Spherulite
crystals appear in
the welded glass.

Volcanic rocks, altered
volcanic rocks are
domenant. Some
volcanic rocks contain
many clino-pyroxene
phenocrysts.

Many are
fresh and
some are
altered.

None None

Glass,
Amphibole,
clino
pyroxene,
Fe-Ti
minerals

Carlsbad
type simple
twin

Less than 40o

(measured 0

- 40o)

Page brown glass
and became pearlite
overall. Includes
sanidine. Amphibole,
Fe-Ti minerals.

Altered volcanic rocks,
tuff, and volcanic rocks
with anorthoclase
phenocrysts.

Slightly
altered
overall

None None

Glass,
amphibole,
Fe-Ti
minerals,

Carlsbad
type simple
twin

Less than 40o

(measured

15o - 40o)

Partly
altered

None None None
Small cluster
phenocrysts

Around 40o

(measured

40o - 45o)

Pale brown glass
with sanidine, clino-
pyroxene, Fe-Ti
minerals.

Valcanic rocks, pumice.
Both contain sanidine
crystals.

Slightly
altred overall

None

Observed in
large clino-
pyroxene
phenocrists

Glass,
pyroxene,
Fe-Ti
minerals

Calsbad type
simple twin

Some are

over 40o

(measured

40o - 60o)

Brown glass with
sanidine, ampibole,
biotite, Fe-Ti
minerals. The glass
is moderately
recrystalized overall.

Volcanic rocks, tuff,
altered volcanic rocks.

Slightly
altered

None None
Glass, Fe-Ti
minerals

Carlsbad
type simple
twin

Less than 40o

(measured 0o

- 40o)

Brown glass with
sanidine, ampibole,
Fe-Ti minerals.

Vlocanic rocks, tuff.
Some volcanic rocks
are altered and some
contain clino-pyroxene
phenocrysts.
Anorthoclase
phenocrysts in tuff
fragments.

Fresh None None
Glass, Fe-Ti
minerals

Carlsbad
type simple
twin

Less than 40o

(measured

15o - 40o)

Fresh None None None
clustered
twin

Around 40o

(measured

40o - 45o)

Brown glass and
slightly altered.

Volcanic rocks, tuff.
Many are altered.
Contain relatively mafic
volcanic rocks and
many clino-pyroxene
crystals.

Slightly
altered

None None

Glass,
amphibole,
biotite, Fe-Ti
minerals

Carlsbad
type simple
twin

Less than 40o

(measured

15o - 30o）

Brown glass with
sanidine, biotite,
amphibole, Fe-Ti
minerals. The glass
is recrystalized
overall.

Volcanic rocks. Many
are altreed

Fresh None None Glass, biotite
Carlsbad
type simple
twin

Some are

over 40o

(measured

40o - 60o)

Brown glass with
sanidine, biotite,
ampibole and Fe-Ti
minerals.

Volcanic rocks.
Contains sanidine as
phenocrysts

Fresh None None Glass, biotite
Carlsbad
type simple
twin

Less than 40o

(measured

30o - 40o)

Groundmass
(Essential lense)

Rock fragment
Description of feldsper （Sanidine） Description of anorthoclase
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