(51

Addis Ababa University
College of Natural sciences
School of Earth sciences

MICROFACIES ANALYSIS OF MESOZOIC
CARBONATE UNITS OF DIRE DAWA AREA,

SOUTH EASTERN ETHIOPIA

SEA LEVEL

fair woeather wave base

A thesis submitted to the school of Earth Sciences, Addis Ababa University, in
partial fulfilment of the requirement for the degree of Master of Science in
Earth sciences (Sedimentology and Stratigraphy)

By
GERAMU FUFA NEGARI

May, 2014




MICROFACIES ANALYSIS OF MESOZOIC CARBONATE
UNITS OF DIRE DAWA AREA,

SOUTH EASTERN ETHIOPIA

A thesis submitted to the School of Earth Sciences, Addis Ababa
University, in partia fulfilment of the requirement for the degree of
Master of Science in Earth sciences (Sedimentology and Stratigraphy)

By

Geramu Fufa Negari

Advisor: Balemwal Atnafu (PHD)

Addis Ababa University
College of Natural sciences
School of Earth sciences

May, 2014



Addis Ababa University
College of Natural sciences
School of Earth sciences

MICROFACIES ANALYSIS OF MESOZOIC CARBONATE
UNITS OF DIRE DAWA AREA,

SOUTH EASTERN ETHIOPIA

Msc Thesis
By

Geramu Fufa Negari

Approved by Board of Examiners:-

1. SeifuKebede(PHD)

Charman, School of Earth Sciences

2. Bademwal Atnafu(PHD)

Advisor

3. MulugetaFisseha(PHD)

Examiner

4. MulugetaAllene (PHD)

Examiner

May, 2014



Acknowledgment

First of al | have great thanks for our Almighty God, for his mercy on me throughout my

life.

Next | have very special thanks to my ‘Advisor and instructor’ Dr. Balemwal Atnafu. His
unlimited helps, guidance’s, friendly approaches, conceptual motivations, readiness for help
at any time asked throughout the works and always positive thinking made him the most
facilitator and contributor individual for completion of thiswork. He took me to the second
phase field work of this study on his own expenses and shared me very specia field work

experiences, for which | have great thanks for him once again. Thank you very much!!

My thanks aso go to Professor Mohamed G. Abdelsalam (from Missouri Science
& Technology University, USA) for giving me the chance to participate in “Modelling
Drainage Incision on the Ethiopian Plateau” project of 2012, during which | got the chance
tovisit the present study area and initiated to work on.

My thanks and appreciations also extend to Mr. Tadesse Birhanu, for sharing most valuable
field experiences and providing me various literatures with regard to this work.

| have great thanks to Mr. Damenu Adefris, who is my classmate and friend during my
studies and thesis works in general, for his being my best friend and giving me various helps

and partner encouragements during the works.

My specia thanks also go to my lovely family (my mom and siblings), especially to my
brother Obbo Waktole Fufa, for his economical and always constructive psychological
support for my education at any levels, those are the basis for my current level. Thank you

bro!

Lastly, | have thanks to Dilla University for being sponsor of my studies and Addis Ababa
University, School of Earth Sciences for alowing me to use laboratories and various

instruments for my thesis works.

Pagei



Table of Contents

ACKNOWIBAGMENT ...ttt st b et e se e be e beeseesbeeeesnee e i
TaDIE OF CONMLENTS ...ttt b et sr et e e e e e e e i
TS o o 1 == OSSR %
LISt OF PIALES..... ettt bbb n et b e s et nn e n e b nn s vi
RS 0 AN o] 0= 00 )= Vi
ADSTIACT ... 1
Chapter 1: INtrodUCLION........c.coucviiececee e 2
1.1. Research problems and Background NOLES............ccceeeerieeiieieeseesie e 2
1.2, Study area deSCriPliONS......cccoiiriririeieieree ettt see s 3
1.2.1. Location and ACCESSIDIITY ......coviiiiiieieeeseeee s 3
1.2.2.  Physiography and draiNagesS.........cccueeueruerierenierieeeeeeieesee e sne e 4
1.2.3.  Climate Of the SEUAY ATBaL.......cccoiiriiieieeee s 5

1.3, PreVIOUS WOIKS .....ovieciieieieistest ettt 6
1.4. Objectives and Scope of the Present Works..........cceeveneneneneneseseeeeseseseeees 8
141, General ODJECHIVE.......cceeiieiie et r e s e neeneas 8
1.4.2.  SPECITIC ODJECHIVES........coeeiieiiee e e 8

15, Materialsand MEtNOUS .........cccooiiiieie s 9
151 FeldmEoaS..... ..o e 9
1.5.2.  Laboratory MEtNOUS........ccccoueiieiieiierie et 10
Chapter 2: Regional Geological SEtting........cooc...coooeveveomeereveiseneeeeeeeesssseeeesee. 12
2.1. Geodynamic setting and sedimentation in Ethiopian Sedimentary basins............... 12
2.2.  Jurassic limestone Formations within Ethiopian sedimentary basins...................... 14
2.3. General Stratigraphy of DiIr€ DAWa AT €8 .......cccveveeeeeeereeeieereeeeeeseesees e eresenens 15
2.3.1.  Precambrian rocks and related intruSiONS............cceiererenineneeeeeeeeeese e 16
2.3.2. Palae0z0iCc- MEeSDZOIC SEAIMENTS.......ccviieirieriieiieeee e 16
2.3.3.  Cenozic volcanics and SEAIMENTS.........covririririeierere e 20
Chapter 3: Lithostratigraphy ... 21




1C 20 IR o 4 0 o 18 [o: { o] EFU R RTRTRRR 21

3.2. Field descriptions of carbonate unitsin thearea.........cccccvcevieeveeceneecence e, 23
321, LOWEN SUB-UNIT ...t 24
322, Middle SUD-UNIT.....oeeieiiiceceeee e 27
323, UPPES SUD-UNIT....ciiiiiiiiieeeies ettt 31

3.3, PetrographiC deSCriPLIONS .......cccouirieeeirierieeeie st 39

Chapter 4: Microfacies Analysisand Interpretations...........cccoooeoveeveveeirenne. 41

4.1 INEFOTUCTION ...ttt sttt e et b e n e ne e 41

4.2. Major MicrofacieS TYypeS of tNE ar€a........ccovereriririieieee e 41
4.2.1. Mixedsdiliciclastic - carbonate microfacies (MFTL) ....cccocveveeiiieeneninneeien, 41
4.2.2. Dolomitized Micritic microfacieS (MFT2) ..o 42
4.2.3. Peloidal grainstone microfacies (MFT3)......cccoviiiiininieeeee e 43
4.2.4.  O0ilitic MICrofaCieS (MFTA) .....ccceeeeeeee et 43
4.25. Peloidal wackestone microfacieS (MFTD5).....ccccvieeveece i 44
4.2.6. Bioclastic intraclast grainstone microfacies (MFT6).......c.cccevvvveeveecieseesieenen. 45
4.2.7. Bioclastic intraclast packstone microfacies (MFT7)....ccoceveeiineenenieneeen, 45
4.2.8. Bioclastic Peloidal packstone-grainstone microfacies (MFT8) ........cccceveeneee. 45
4.2.9. Bioclastic wackestone microfacies (MFT9).......cccooiiiviiiniiinieceeeee e 46
4.2.10. Micritic microfacieS (MFTL0) ...ccveeereeieeeeseeie et 46

Chapter 5: DIAQENESIS.......cooieieeee ettt 48

5.1 INEFOAUCTION ..ottt n e 48

5.2. Major Diagenetic featuresin the study area.........ccoceeeveeneerenieneesesee e 49
30220 I O3 ¢ o 1] o SRS 50
5.2.2.  FTACIUIES......eiiiiiicee e 50
5.2.3.  SEYIOHTIZBHON ..ottt 50
5.24.  IMICHTIZBIION ...ttt bbb e e e sne e 51
5.2.5. DisSOIUtION @A POIOSITY .....ccueeeeriirieriirieeieeeie et s se e e 52
5.2.6.  COMENALION ....ceevieeieiieteeee e nn e 53
5.2.7.  DOIOMITIZAHON. ......civeiieiieeeiieierieeet st 56



5.2.8.  SIHHCHTICAION .o 57

5.3.  Sequence of diagenetiC BVENLS.........cceciiieie i 58
Chapter 6: DISCUSSION ........covciciieiciece ettt 60
6.1, INEFOCUCTION ...ttt et b bt n e nnesnenne s 60
6.2. Biostratigraphy and @0€........ccceeeeieiieiiirieriesie st 60
6.3.  Depositional eNVIrONMENTS........ooiiiirieieseee e 61
6.3.1.  Tidal flat dEPOSITS....c.eeieieeeiieiicie sttt esreeneenneens 62
(RGN "0 [0 1o 10 (= 00 1S 1 £SO 63
6.3.3. Platform margin carbonate sand bOdIi€sS...........ccoveivieeiicieiecsece e 63
6.3.4. Carbonate Foreshoa environment/ slope deposits..........ccoocereererinneeneniinnenne 64
6.3.5.  Offshore carbonate dEPOSITS........coerverieriiririnieie e 64

6.4. Faciesmodel for the carbonate unitsof thearea...........ccoccovoiveiciniicinince, 65
6.4.1.  1NNEr ramMP FACIES ....c.ecciee et 66
6.4.2.  Mid ramp faCiES.......ccocoiiieiicie et s 66
6.4.3. Outer ramp carbonate faCies..........coveviiieiiciece e 66

6.5. Composite stratigraphy of thearea ..o 67
B.6.  CONTEIALION ..ottt 70
6.6.1. Correlation with some studied sections of SE Ethiopia...........cccceeeveicnenienee. 70
6.6.2. Correlation with sections of other basins...........ccccoovieiiniiccie 72

6.7. Sealevel fluctuations and paleogeoraphiC SEtting.........ccceereiererereienereee e 76
Chapter 7: Conclusions and Recommendations............cccccvrvneeneeneeneeneenens 82
7.1, CONCIUSIONS ...ttt b e e et r e s bt n et nn e nn e e en e r e ens 82
7.2. RECOMMENELIONS ...ttt se et e et b e sb e en et en e r e 84
REFEI BNCES.......ce bbbt 85
PLBLES. ... e e et R e Rt r e n e r e 88
N o] 1= o O SPRP 111



List of Figures

Figure 1.1. Sedimentary basinsof Ethiopia.................oooiiii i, 4
Figure 1.2. Location map of thestudy area................ooooiiiiiiiii 6
Figure 1.3. Conceptual flow chart for methodology..............ccoooiiiiiiiii e 11
Figure 2.1. Regional setting of Ethiopian sedimentary basins...........................oel. 14
Figure 2.2. Location of Mesozoic sediments of Ethiopia..............ccooviiiiiiiiiiiii 15
Figure2.3. Gross stratigraphy of Dire Dawa areageologiC UNits.......cceoevivieniiiiianann.... 19
Figure2.4. Geologic map of Dire Dawa area showing the exposed lithologic units............ 20

Figure 3.1. Field photo showing three different major rocks of the area, at Lange section...22
Figure 3.2. Clastics and carbonate layer intercalations. . ..........ccoceveiereneneneneneseseeeeeee 26
Figure 3.3. Stratigraphic column of carbonate exposures at Lange section....................... 28
Figure 3.4. Field photo showing nodule and lenses of cherts within micritic limestones...29
Figure 3.5. Massively bedded intraclastic wackestone layer. .........cccccevvveveeceseececceese e 29
Figure 3.6 Cavernous and non-cavernous micritic limestone layers, at military section......30
Figure 3.7. The remains of colonia organisms (patch reef) on micritic limestone layers.....30
Figure 3.8. Field photo showing thin —thick bedded dark gray micritic limestone layers......32
Figure 3.9. Thin shale layers imbedded between massive micritic limestone layers............ 33

Figure 3.10.Stratigraphic column of carbonate exposures at military

(0 1010 S = o1 [0 o F U 34
Figure 3.11. Chert lenses imbedded within massive micritic limestone.......................... 35
Figure 3.12. The limestone layers with preserved remains of carbonate build ups..............36

Figure 3.13. Thick beds of mudstone layer exposure at upper part of Dachatu river section..38

Figure 3.14. Field photo showing the micritic limestone and upper sandstone unit’s contacts

at upper part of Dachatu river section, Dire Dawaarea...... ..................... 38
Figure 3.15. Stratigraphic column of carbonate exposures at Dachatu River section........... 39
Figure 5.1. A sketch showing the principal diagenetic environments...............ccccceeeeeeeee.. 49

Figure 5.2. Multi-macro-stylolite at out crop level, on the exposed micritic limestone........51
Figure 5.3. Field photo showing the limestone layers dissolved due to subaeirial exposure..53
Figure 5.4. Field photo showing thin lenses of silicalayers between micritic limestones....57
Figure 6.1. The distributions of carbonate facies of the study area on ramp morphology......67

\



Figure6.2. Composite stratigraphy of Dire Dawa area, with detail age, lithology and

depositional environments for the Carbonate unitsof thearea........................... 71
Figure 6.3. Mesozoic stratigraphy correlation between some areas from SE Ethiopia.........73
Figure 6.4. Mesozoic stratigraphy correlation throughout Mekele, Blue Nile,

Dire Dawa area and Ogaden (from Ethiopia) and Sana’a (from Y emen) basins...... 76
Figure 6.5. Early Jurassic (Toarcian) time palaeogeographic map of NE- Africaand

the SE part of the Arabian platform.............ooii i, 79
Figure 6.6. Late Jurassic (Kimmeridgian) time paleogeoraphic map of NE- Africaand

the SE part of the Arabian platform.............coooii 81

List of Plates

Plate 1: Microphotographs of mixed siliciclastic - carbonate microfacies....................... 89
Plate 2: Microphotos of dolomitized micritic MICrofaCies.........ccveevveereeceseere e 90
Plate 3: Microphotos of Peloidal grainstone microfacies..................ccooiviiiiiiiiieneen, 91
Plate 4: Microphotos of 00ilitic MICrofaCies............coovviiii i, 92
Plate 5: Microphotos showing the peloidal wackestone microfacies............................. 94

Plate 6: Microphotos of bioclastic intraclast grainstone microfacies............oveeeeeerereneniene 95
Plate7: Microphotos showing the bioclastic packstone microfacies.............................. 96
Plate 8: Microphotos of bioclastic peloidal grainstone microfacies.............................. 97
Plate 9: Bioclastic wackestone microfacies microphotographs. ... 98
Plate 10: Microphotos of micritic MiCrofacCies.............cooviiiiiiiii e, 99
Plate 11: Microphotos showing compactions and itseffects........................ccceceeee.. 100

Plate 12: Microphotos showing some micritic envelopes and dissolutions...................... 101
Plate 13: Microphotos of varioustypes of Cements.............ovveiiiiiiiiiiiiii e 102
Plate 14: Microphotos of some replacements (dolomitization and silicification).............. 107
Plate 15: Microphotos of microfossilsused for dating..............cccooviiiiiiiiiiinin.n. 108

List of Appendixes

Appendix 1: Meteorological data (temperature and rainfall) of Dire Dawa.................. 110
Appendix 2: Petrographic descriptions of carbonate rocks’ samples collected from

DL DL T X == TR 111
Appendix 3: Facies schemes and sequences of SMFT after Wilson (1975).................... 113

Vi



Abstract

The lithostratigraphy and microfacies analysis of three selected stratigraphic sections were
studied using field data and about thirty four thin sections analysis. These were used to
understand the depositional environments, diagenetic settings and age of the carbonate
succession (the Antalo Limestone Formation) of the Dire Dawa area, in South Eastern
Ethiopia.

The field observations, microfacies analysis, and biostratigraphic examinations on the
carbonate successions of the area, which sandwiched between lower and Upper Sandstone
units, revea that: these carbonate units have about (~306 m) thickness , have been
deposited during Bathonian-Kimmeridgian time; and can be sub-divided into three sub-units,
according to their facies contents and stratigraphic positions. These, from older to younger
are: (1) The lower sub-unit (Bathonian-Callovian) which is (~119m) thick and consists of
mixed siliciclastic - carbonates units of tidalflat-lagoon deposits; and peloidal and ooilitic
grainstone facies of carbonate shoal/barrier deposits of the shallow marine setting, (2)The
middle sub-unit(Oxfordian-lower Kimmeridgian) is about (~84m ) thick , conformably
overlies the lower sub-unit , consists of the foreshoal facies of thick, allochemical rich
wackestone-grainstone limestones, mainly dominated by reworked intraclastic grains and
rare amounts of patches of colonial organisms, and (3) The upper sub-unit (Kimmeridgian)
is about (~103m) thick, overlies the middle sub-unit conformably and topped unconformably
by the Upper Sandstone. It consist of low energy deposits of fine grained dark micritic
limestones with some cherts and clastic shale interbedded at its lower; and some colonia and
carbonate buildup organism bearing layers at its upper part.

The overall microfacies and facies successions throughout the unit shows a carbonate ramp
depositional setting , under which various submarine depositional environments ranging
from shoreline carbonate deposits( including low energy tidalflat and lagoon) and high
energy platform margin carbonate sand bodies) of inner ramp , foreshoa deposits of mid-
ramp to the offshore deposits(basin margins and open sea) of outer ramp, successively from
bottom to top.

The diagenetic sequence of these carbonate units, when ordered form early to late stage,
comprises the following: micritization, dissolution, early marine cementation, meteoric
calcite cementation, mechanical and chemical compaction, fractures; stylolitization,
dolomitization, silicification and burial cementation. These processes have taken place with
varying intensities and occurrence throughout the area.

Lastly deposition and facies patterns throughout this unit are related to already established
paleogeoraphic changes particularly involving the transgression of the sea on the horn of
Africa. These deposits are also correlated with some of equivalent deposits in major
Ethiopian sedimentary basins and with the Sana’a basin of Y emen.

Key words: Dire Dawa, microfacies, diagenesis, depositional environments, ramp.

Msc. Thesis, 2014, Addis Ababa University Page 1



Chapter 1. Introduction

1.1. Research problemsand Background notes

This study is about the microfacies analysis of carbonate units of the Dire Dawa area,
South Eastern Ethiopia, mainly for the setting and interpretations of the depositional
environments for these carbonate successions. Microfacies studies aim for the recognition
of overall patterns that reflect the history of carbonate rocks, by means of a thorough
examination of their sedimentological and paleontological characteristics.

Carbonate rocks, such as limestone contain important and varied textures, structures and
fossils that yield important information about ancient marine environments,
paleoecological conditions and the evolution of life forms, particularly marine organisms,
through time.

Carbonate sedimentary rocks are also an economically important group of rocks because
limestones and dolomites are useful for agricultural and industrial purposes, they make
good building stones and most importantly, they act as reservoir rocks for more than one-
third of the world's petroleum reserves. Because carbonate minerals in genera are
soluble in slightly acidic waters, they often have high porosity and permeability, making
them ideal reservoirs for petroleum. Most importantly they contain at least 40% of the
world's known hydrocarbon reserves (Tucker & Wright, 1990). Carbonates are especially
interesting for the diversity of their origins. Most limestones are ultimately biogenic in
origin and an appreciation of biological and palaeobiological factors is essentia in
understanding their formation. Their ssmple mineralogy, usually mono-mineralic, belie
their petrographic and chemical complexity and highly sophisticated microscopic and
analytical techniques are required to decipher their diagenetic histories. To get all such
interesting information’s and resources of carbonates deposits, detail studies should be
done by varies methodologies. Among them Facies analysis is one most powerful method
for the detail investigations of sedimentary deposits. Facies has five defining parameters:
geometry, lithology, palaeontology, sedimentary structures, and paleocurrent pattern, i.e.
facies can be defined as ‘a particular combination of lithology, structure, palaeontology
and textural attributes that characterises features different from other rock bodies’
(Walker, 1992; Selley, 2000).

Facies analysis on different lithologies can guide us to know the environments of
depositions, diagenetic features of sedimentary rocks, depositional conditions, fossil
contents, porosity and permeability of the rocks, sedimentation processes undertaken by
the rocks, etc.

Among the facies analysis methods ,microfacies analysis, which is followed in this
work, is the most important way for interpretations of carbonate rocks ,those are less
interpretable in the field like that of clastic rocks. Particularly, microfacies analysis
focuses on those compositional and textural constituents of carbonates that reflect the
depositional and diagenetic history and determine the practical usefulness of carbonate
rocks.

Geramu, F. (2014) Page 2



According to Flugel (2004) the term ‘microfacies’ is the total of all the paleontological
and sedimentological criteria (qualitative and quantitative) which can be classified in thin
sections, peels, and polished samples at magnifications of up to approximately x 200.
Microfacies analysis has the advantages over traditional sedimentological approaches of
being interdisciplinary, and integrating sedimentological, paleontologica and
geochemical aspects. Wilson (1975) suggests that a 'short-hand’ method of studying
limestone is to compare them with Standard Microfacies Types (SMFT). He aso
recognizes 24 standard microfacies assignable to nine standard Facies Belts (FB) (as
shown in appendix 3). Each facies has a distinctive composition which should be
diagnostic for a particular environment, and this comparing method is followed in the
present work, for comparing carbonate microfacies of the Dire Dawa area with that of
Wilson SMFT and FB, as given in chapter 4 of this paper.

In case of Ethiopia, there are so many sedimentary deposits in different basins those are
indicated by many authors at regional level, but with scarcities of detail local works. The
sedimentary regions of Ethiopia cover a significant portion of the country and comprise
five distinct sedimentary basins, namely: the Ogaden, Abay (Blue Nile), Mekele,
Gambela and Southern Rift Basins (fig.1.1). The development of most of these basins is
related to the extensional tectonic events that have taken place intermittently since the
Late Palaeozoic and continued up to Tertiary. The Ogaden, Abay and Mekele basins are
presumed to be intra-continental rift basins formed as a result of extensiona stresses
induced by the break-up of Gondwanaland in Upper Palaeozoic. The Mekele and Abay
basins are located at Northern and central part of the country respectively.

The Ogaden Basin, which is the proximal continuation of the present study area , is
located in the area extending from the East to Southeast part of Ethiopia, is constituted of
tri axially rifted troughs trending NW-SE, N-S, and ENE-WSW.

Throughout all these larger basins, there is thick Paleozoic to Mesozoic sedimentary
deposits identified by various workers, but still it needs more local and detail works on
these sedimentary resources. Mainly carbonate rocks are less studied, so detail studies
like microfacies analysis is required and can give chance to know resources and uses
them for the country’s economic purposes and for supporting scientific ideas in other
ways. The present work is focus on carbonate deposits of the area around the Dire Dawa,
which is located on the Southern border of Ethiopian Rift and continuation of Ogaden
basin deposits, to do the detail microfacies anaysis on the carbonate deposits of the area
at very local detail scale of study.

1.2. Study areadescriptions

1.2.1. Location and Accessibility

From the three main geomorphologic features of Ethiopia, (the North-western Plateau and
the South-Eastern Plateau, those are separated by the Ethiopian Rift Valley), the present

Geramu, F. (2014) Page 3



study areaislocated in SE Ethiopia Plateau, around Dire Dawa city, at about 500 km distance
from Addis Ababa, capital city of the country, along the main road from Addis Ababato Dire
Dawaccity (fig.1.2).

The study is undertaken on three locally selected stratigraphic sections throughout the area.
These are: 1) Lange section: which is located between Kersa and Lange villages, along the
main road from Dire Dawato Hirna, 2) Military section: located near Dire Dawa city at about
5km distance from Dire Dawa town to the South East, along the main road to Dengago, and
3) Dachatu River section: located near Dachatu river to the East of Dire Dawa city.
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Figure 1.1 Sedimentary basins of Ethiopia (Source: Ethiopian ministry of mine, 2011b). Not scaled.

The study area is accessed through the main asphalt road from Addis Ababa to Dire Dawa
city, East of Ethiopia in general and the three local sections are accessed through on foot
short distances away from main asphalt roads and following some river cuts, gullies and
clumping the cliffs to access the outcrops of the rock units throughout the area.

1.2.2. Physiography and drainages
The study area is the Southern margin of the Afar depression; and due to this, physiography
of the areais mainly controlled by volcanoes and tectonic activities. The areais characterized
by successive short running E-W oriented faults forming half graben and horsts. The
geomorphology of the study area can be classified into different major features. the
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escarpments (cliff parts), the transitional gentle sloping and the aluvia plains (flat
topography) filled by quaternary deposits.

The escarpment area is characterised by steep slopes formed by limestones and sandstones
mainly, gullies and dry wadies mainly underlain by sedimentary and metamorphic rocks.

Asthe result of step faults tilting the sedimentary rocks towards the South, a number of bench
shape plateaus with southerly dip form the escarpment areas and there are also book shelf
model forming limestone beds are observed throughout the escarpment areas. Wadies mostly
cut across these rocks mainly following the NE trending fault systems. In these areas runoff is
high due to the steep slope and the rock surfaces permitting low retention period.

The aluvia plains are characterised by gentle to flat topography. Except some volcanic hills
of younger age, the Mesozoic and the tertiary rocks are buried deep under quaternary
sediments.

The presence of high relief in the area made it dissect by many tectonically controlled small
intermittent rivers, which are tributaries to the main perennial river Awash. Most of therivers
run N-S to NNW-SSE following the trend of the major faults running lineaments which cross
the rift margins. All the rivers found in the area are seasonal and with short duration floods.

1.2.3. Climate of the study Area

Dire Dawa area is a grouped in the Kolla and semi-kolla climatic zone. According to the
Ethiopian National metrological agency (from the Dire Dawa metrological station), the mean
annual rain fall and temperature of the area are about 636.0 mm and 25.3°% respectively. The
area receives: the minimum temperature during the winter season, maximum temperature of
about 27.30c during the summer season, minimum rain fall about 72.4 mm during the winter
season, maximum rain fall during the summer season about 310.2 mm and medium both the
temperature and rain fal during the spring seasons (as the data recorded from Dire Dawa
meteorological station which is located at longitude and latitude of 811000 °E, 1061000 °N
and elevation of 1260 m am.s.l.). The full meteorological data are given in appendix 1.

High temperature prevalence as well as low rainfall are the climatic constraints strongly
influencing the different land cover/uses in genera as well as the composition of the
physiognomic vegetation in particular in the area, and various scattered shrubs and grassland
like Euphorbia, Aloe, Opuntia, Deacaena, Acacia Blanites aegypitiaca and Moraceae spp.
are becoming the dominant types of vegetation founds in the area.

Geramu, F. (2014) Page 5
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Figure 1.2. Location map of the study area. This map shows the physiography, elevations and
location of studied sections. The smaller rectangle includes the local studied sections.

1.3. Previousworks

On mgor sedimentary successions of Ethiopia in general, and on the south-eastern parts of
Ethiopiain particular alot of regional geological studies were undertaken by different authors
at different times. Even though the carbonate units are rarely studied in detail separately, they
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are discussed by different authors within the regional concepts or within gross stratigraphical
studies of the areas. Among them:

The name ‘Antalo Limestone Formation” was first given for carbonate units by Blanford
(1869, 1870) from its type locality town name ‘Antalo’ (N 13°18/E 39°19') in northern
Ethiopia. In the Northern Ethiopia, the unit was well described by Levitte(1970), Beyth
(1972b) and Bosellini et al. (1997). According to Beyth (1972 b), in Northern Ethiopia, the
thickness of the succession ranges from 300 m in the West to 800 m in the East. This author
identified four different facies, which are briefly outlined, from bottom to top, as follows: (i)
a cross-bedded sandy oolite and coquina with minor amount of marl and a few chert beds,
with microfauna including mainly corals, gastropods, and echinoids, (ii) interbedding of marl
and lithographic limestone with abundant brachiopods and some algal and chert beds, (iii)
cliffs of coral and algal reef limestones interbedded with marl and biostromes, and (iv) black
to grey microcrystalline limestone interbedded with marl.

Later on, Bosdllini et al. (1997) attempted to subdivided the limestone unit of the same area
into four depositional sequences (A1l to A4), which are composed of thickening and
shallowing up cycles.

In other part of the country, in Blue Nile basin, about 420 m thick carbonate succession, as
described by Assefa(1991) and Russo et al. (1994)), conformably overlies the Gohatsion
Formation.

When we come particularly to the Dire Dawa area, a part of South Eastern Ethiopia,
microfacies analysis of the Antalo lime stone of the area was studied by Ficcarelli et al.,
(1975). According to this study the Microfacies analysis of carbonate units of the areareveals
that shallow marine environments of depositions during the depositions of Antalo Lime Stone
and with the existence of bars of ooilitic sand near to the coasts and high energy of
environments at low part. Later on, the geological map of Dire Dawa sheet is produced at the
scale of 1:250,000 (Berhe, 1985) which provided valuable information for understanding the
regional geology of the area and indicating the distributions of carbonate units of the area
,which are the focus of the present work.

In more recent time, according to Bosellini et al. (2001) the Mesozoic succession of Dire
Dawa area consists of lower fluviatile sand stone (Adigrat Sandstone Formation),
intermediate carbonate marly units (Antalo Lime Stone Formation), and upper fluviatile
sandstone (Amba Aradam Formation). According to this study the intermediate unit, Antalo
Limestone Group, contains four different formations grouped into two depositional
sequences. The base of lower sequence (Antalo super sequence) is time-transgressive
(pliensbachian to oxfordian) and is result of the first flooding of this sector of Gondwana
continent during the Mesozoic. The second major sequence boundary is also time-
transgressive and corresponds to an abrupt deepening of East Africa and Southern Arabia
shallow water ramps and carbonate platforms , a collapse most probably related to the
separation of Madagascar from Africa , a maor tectonic event occurred in early cretaceous
from northern Ethiopia to Yemen and Southern Ethiopia and Somalia. But they mainly
depend on the facies at out crop scale level, rather than microfacies.
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Even though all these investigations were under taken, still there are the scarcities and
limitations regarding data, detail microfacies analysis, depositional environments concepts,
age and diagenesis concepts for the carbonate units of Dire Dawa area, And thiswork give
more detail microfacies analysis, diagenetic setting, comparison of major microfacies types
of the carbonate deposits of the study area with well known standard microfacies types
(SMFT) established by Wilson (1975), age and the detail depositional environment
interpretations for these carbonate successions.

1.4. Objectivesand Scope of the Present Works

Facies analysis of any sedimentary deposit is essential whenever the sedimentological
concepts of the deposit is concerned, to give logical and convincing interpretations and
conclusions about depositional environments, the geometry, sedimentary structures,
sedimentary textures, and fossil contents of that deposits. In particular the microfacies
analysis give the microscopic level supported detail of facies analysis which can help to
identify the smaller sediment contents, microfossils and structures of any sedimentary
deposits in details, and it needs to be understood well. In addition the detailed interpretation
of the depositional environment supported from various data sources for any sedimentary
succession is needs to be understood well.

When we come to our country, Ethiopia, there is scarcity of detail studies and documentation
of sedimentological, paleontologica and stratigraphic features of the carbonate units in broad
sense and particularly in the south-eastern Ethiopia. So the am of this study is to reduce this
scarcity a little bit and to apply the microfacies analysis concepts only on the carbonate
deposits of the Dire Dawa area.

To confirm al such studies the present work has the following general and specific
objectives:

1.4.1. General objective

The general objective of this work is describing and interpreting the depositional
environments of carbonate units of the Dire Dawa area based on detailed microfacies analysis
of the units.

1.4.2. Specific objectives

The specific objective includes:

v Detail microfacies analysis of carbonate units of the area

v Giving the classifications of the carbonate rocks of the area, based on field
observations and the petrographic analysis under microscope, using the
common classification schemes for carbonate rocks.

v Discussions about the diagenetic features of the carbonate units of the
area.

v Grouping the carbonate deposits of the area into various microfacies types
and comparing them with common microfacies model (with that of FB
and SMFT of Wilson, 1975).
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v Descriptions and Interpretations for the microfacies and facies

associations, and giving facies modelsfor carbonate deposits of the area
v Producing detail composite stratigraphy of the carbonate units of the area.
v Age determination for carbonate units of the area.

15. Materialsand Methods

To achieve the general and specific objectives of the present study different materials and
methodol ogies were used for collecting, organizing, analysing and interpreting of the data, in
fields and in laboratory.

A detailed analysis of the microfacies succession on the selected stratigraphic sections was
the main tool used in this research for the depositional environment interpretations and
carbonate units analysis’s. To do detail microfacies analysis two different methodologies
were used: the field methods and the laboratory methods, with the aids of different
instruments. Each of them is discussed in detail asfollow:

1.5.1. Fiedd methods

In genera, for the present study twice field works (two weeks in April and 2 weeks in
September, 2013) around the Dire Dawa area, were done by using materials like topographic
map of the study area with 1: 50,000 scale and regional geological map of the study area with
1:250,000 scale in addition to basic geological instruments like; Global Positioning System
(GPS), compass, tape meter, hammer, hand lenses and etc.

During the field works three stratigraphic sections were selected (Lange section, Military
camp section and Dachatu river section). These sections were selected due to their good
exposure to represent carbonate deposits of the area and due to their accessibility.

Rock sampling, graphic logging and an intensive bed by bed scale description of carbonate
exposure at each of these selected sections based on lithology, texture, rock color, bedding,
sedimentary structures, diagenetic features, fossils and biogenic structures were done during
field works.

Samples and Sampling techniques

From the field about 50 rock samples were collected, for both hand specimen and laboratory
studies. For the sampling of those samples lateral and vertical variations within; rock units,
the beds and intra-beds were given more attentions. Simple random sampling techniques are
used. Bottom, middle and the top parts of thick bed was sampled when there are observable
little or more variations in lithology and some other sedimentary aspects, only one sample per
bed/s if there is no observable variations . The sections were measured from bottom up to its
tops to locate stratigraphic positions for the taken samples. The samples were named (given
codes) logically during the field works to eradicate later confusions in laboratory and
interpretations of the results obtained from them.

Graphic logging of the stratigraphic sections
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Graphic logs are visua representations of the information you collects like : thickness of
units (vertical axis),Texture (average grain size-horizontal axis), lithology, Sedimentary
structures, fossils, diagenetic features, contacts between units, they may also contain
additional descriptions, notes, measurements and so on if required about the outcrops
(Tucker,2003)

For this study each of the three selected stratigraphic sections were measured and logged
separately, based on bed-by-bed scale descriptions in the field up to about (~306m) total
thickness carbonate successions, from the summations of each local sections, were logged
throughout the area, as their stratigraphic logs are given in chapter 3 and 6 (in fig 3.3, 3.10,
3.15 and 6.2 respectively).

1.5.2. Laboratory methods

Carbonate rocks, like other sedimentary rocks, can be described in only a limited way in the
field; the details are reveal ed through studies of thin-sections and peels.

For this work the petrographic analyses of about 34 thin-sections have been performed
under the petrographic microscope, at Addis Ababa University, Earth Sciences schooal, in
mineralogy laboratory, for the study of the mineralogical compositions, textures(grain-size,
degree of sorting, roundness), varies non-skeletal and skeletal grains, fossils , matrix
identifications, diagenetic feature descriptions and other features indicative of a particular
depositional environments.

After al, using the extensive conceptual reviewed from literatures and integrations of data
from field’s works and laboratory analysis, major works were done to arrive at conclusions.
Including : The carbonate rocks of the area were classified and named according to the
Dunham (1962) and Folk (1962) classifications schemes, about ten major microfacies types
were identified and grouped with their detail descriptions and interpretations , these major
microfacies types were compared with FB and SMFT of Wilson(1975), carbonate
successions of the area are subdivided into three subunits based on lithological and facies
patterns, facies model and depositional environments interpretations for overall carbonate
successions of the area were given, composite stratigraphy of the area, mainly in detail for
carbonate parts were made and at the end the correlations of carbonate units of the areawith
some studied carbonate deposits of SE Ethiopian plateau and with other larger basins
carbonate deposit like that of Mekele basin, Blue Nile basin and Ogaden basins(of Ethiopia)
and Sana’a basin( of Y emen) were made.
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Chapter 2: Regional Geological setting

2.1. Geodynamic setting and sedimentation in Ethiopian Sedimentary basins

Sedimentary basins are regions of prolonged subsidence of earth’s crust which can
accumul ate the sediments (Philip and John, 2005). The driving mechanisms of subsidence are
ultimately related to processes within the relatively rigid, cooled thermal boundary layers of
the earth known as lithosphere. The lithosphere is composed of a number of plates which are
in motion with respect to each other. There are three basic lithospheric mechanisms forming
the sedimentary basins. Those are, purely thermal mechanisms (by heating or cooling),
changes in crusta/lithospheric thickness (by extension) and loading / unloading.
Sedimentary basins therefore exist in a background environment of plate motion. The
essential element of the concept is tectonic creation of relief, to provide both a source of
sediment and arelatively low place for the deposition of those sediments.

Basins formed by stretching or thinning of the continental lithosphere fall in the evolutionary
sequences. these includes : Early stages of the sequence, which corresponds to the
development of intra-cratonic rifts often associated to crustal doming , such rifts may evolve
to ocean spreading centres or may be aborted to form failed rifts or aulacogens. With sea
floor creation and drifting of the continental edge away from the spreading centre, passive
margin basins develop. The sequence has been termed the rift-drift suite of sedimentary
basins. The mechanisms of interest with in these evolutionary sequences are primarily the
thermal and mechanical behaviour of lithosphere under tension and the thermal contraction of
lithosphere following stretching.

When we come to the Ethiopian sedimentary basins, as stated in previous sections the
sedimentary regions of Ethiopia cover a significant portion of the country and comprise five
distinct sedimentary basins, namely: the Ogaden, Abay (Blue Nile), Mekele, Gambela and
Southern Rift Basins(fig.1.1 ). Tectonic evolutions throughout NE-Africa and of the country
and sea level fluctuations through geologic time in general have the great roles for the
formation of these basins and thick sedimentary deposits within them. The development of
most of these basins is related to the extensiona tectonic events that have taken place
intermittently since the Late Palaeozoic and continued up to Tertiary. The Ogaden, Abay and
Mekele basins in Ethiopia are presumed to be intra-continental rift basins formed as a result
of extensional stresses induced by the break-up of Gondwanaland in Upper Palaeozoic.

The Ogaden Basin, located in the area extending from the East to Southeast part of Ethiopia,
is congtituted of tri-axialy rifted troughs trending NW-SE, N-S, and ENE-WSW (Worku &
Astin, 1992; Shigut, 1998). The Abay (Blue Nile) Basin is a NW-SE trending branch of the
Ogaden intra-continental rift basin (Gani et al., 2008) and Mekele basin found at north part of
the country(Beyth, 1972b).

In addition to the tectonically controlled formations of the Ethiopian basins, the fluctuations
of the sea level by tectonic activities and climatic conditions throughout different geologic
time on East Africain genera and on Ethiopia particularly made the depositions of different
sedimentary successions in those basins.
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Thick Permo-Triassic sediments, ranging from continental clastics to lacustrine argillaceous
types, were deposited in the Ogaden region in the Karoo rifting stage and equivalent
sediments are also represented in the Blue Nile and Mekele basins (Worku & Astin, 1992).

A large scale down warping of the entire East African continent took place during Upper
Triassic to Lower Jurassic time and consequently fluvio-deltaic sediments deposited over a
large area, extending up to the Western and Northern regions of Ethiopia. Further rifting and
subsidence of the region, including the Saudi Arabia and Yemeni areas, led to the
transgression of the sea from the East and Southeast, flooding an extensive area; this event is
probably related with the tectonics of separation of Madagascar from the Africa coast and the
opening of the Indian Ocean.

Starting from late Jurassic time, East Africa was characterized by various tectonic events:
including, the separation of Eastern Gondwana (Madagascar, India, Antarctica and Australia)
and Western Gondwana (Africa, Arabia and South America) which was characterized by a
sea-floor spreading between Madagascar and Africa at about 165 Ma (Coffin and
Rabinowitz, 1988). During the Neocomian, an oceanic seaway developed that extended from
Southern Africa via the Somali basin into the Eastern Neotethys, marking the birth of the
proto- Indian Ocean.

Marine sediments, varying from shelf to deep basin types, deposited over a large area of the
East African region and in wide areas of Yemen and Saudi Arabia. Moreover, lateral
variation of the sedimentary facies had been controlled by sub-basins formed by recurrent
faulting and tilting of fault blocks during the Jurassic. The NW-SE trending basins of Yemen
and Northeast Somalia are believed to have been formed by the Jurassic rifting and
subsidence events in the Horn of Africaand southern Arabia (Ricardi, 1991).

The regression of the sea from the region began in Late Jurassic as the result of arching and
doming of the Arabian- Somalian massif, and sediments of varying facies (restricted marine,
lagoonal and supratidal to inter-tidal) were deposited in structurally controlled domains. By
Late Cretaceous, the sea completely withdrew leaving behind regressive continental clastics
deposits.

Later on the formation severa basins related to East Africa rift systems took place; the
Gambela Basin is part of the Central African Rift System and it’s the Southeast extension of
the Melut Basin (White Nile rift) of South Sudan. The Southern Sudan basins and the Anza
Basin of Northern Kenya are also failed rift basins of the Central African Rift System.

Paleogene rifting, along with volcanism was responsible for formation of the N-S — trending
extensional rift basins in Southern, central and Northern Ethiopia. Rift basins/grabens of
significantly large size have also been formed a Neogene in relation with or as a
consequence of tectonic events that contributed to the development of the East African Rift
System. Prominent among the Southern Rift Basins of Ethiopia are the Omo and Chew Bahir
basins (Tilahun Mammo, 2012).
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Figure.2.1. Regional setting of Ethiopian sedimentary basins (taken from Ethiopian ministry
of mine, 2011)

2.2. Jurassic limestone For mations within Ethiopian sedimentary basins

From all Paleozoic to quaternary thick sedimentary successions within various Ethiopian
sedimentary basins discussed above, when we look at the distributions of Jurassic limestone
deposits, part of which will be afocus of the present works at particular Dire Dawa site, they
are the results of the wide spread transgressions and extensional deformation related to the
breakup of Gondwanaland taken place on all horn of Africa starting form early Mesozoic
time (Bosellini, 1989).

Early Jurassic — Oxfordian time a major transgression probably related to the drifting phase
and a mgjor sea level highstand occurred all over East Africawith the drowning of the craton
and documented by the Limestone Formations in different basins (Bosellini, 1989; Russo et
al. 1994). Particularly, extensive limestone beds are exposed in three regions in Ethiopia: the
Mekelle Outlier in the North (Tigrie), the Blue Nile (Abay) Basin in central Ethiopia and the
Ogaden Basin (including Western Hararghe region) in the Southeast (Beyth, 1972b; Assefa,
1988,1991; Shigut, 1998; Asrat et al, 2008), as given in (fig3.2.). These Jurassic limestones
have various names according to its type locality throughout the country. Example: Antalo
Limestone Formation (in Abay, Mekele and Dire Dawa area), Hamanlei Formation, Urandab
and Gabredarre Formation (in Ogaden basin). In more specific the best exposures and most
interesting deposits of the Antalo limestone are found in the central part of the Abay valley,
and within the tributaries of Abay River including the Jemma, Wonchit and Mugher river
vallies, Delga Chebs limestone located 23 km Northeast of Dire Dawa, Hakim Gara
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l[imestone occurring near Harrar and Mesobo limestone near Mekele. Among these Mesozoic
limestone deposits, in the country the present study is focus on the Jurassic limestone of Dire
Dawa area, SE Ethiopia. Later on, in Ethiopia, overall regression was thought to prevail
during latest Jurassic (Tithonian) and Berriasian times (Assefa, 1991; Schimidt and Werner,
1998) which terminate carbonate deposits. Throughout most part of Ethiopia clastic deposits
overlies carbonate units starting from this time.

\

.

Tigray limestone province

Harar limestone province

Abay limestone

Figure 2.2. Locations of Mesozoic sediments of Ethiopia (Source: Ethiopian ministry of mine, 2009).

2.3. General Stratigraphy of Dire Dawa Area

Various geological formations of different ages are exposed and buried throughout all the
geomorphologic features of Ethiopia. Ethiopia is generally known by geological formations
that range from Precambrian to recent times (Kazmin, 1973), those can be grouped into major
stratigraphic units, namely:

1. Precambrian basement rocks,

2. Late Paleozoic to Mesozoic sedimentary rocks and

3. Cenozic volcanics and sedimentary rocks
About a quarter of the country’s landmass is occupied by Precambrian metamorphic rocks, a
quarter by Mesozoic sedimentary rocks and half by Cenozic volcanics and sediments
(Ministry of mines, 2011).
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Almost all of these geologic unitg/stratigraphic units of Ethiopia are also exposed in the
Eastern part of the country and particularly at the present study area (around Dire Dawa city).
Generally the regional geology in comparison with local geology is described based on their
regional stratigraphic position, form the older to younger as follows:

2.3.1. Precambrian rocks and related intrusions

The Precambrian basement rocks are poly-deformed and metamorphosed high grade gneisses
and schists associated with low-grade meta-volcano-sedimentary rocks. They are the oldest
formations in the country, with age of about over 600 million years, up on which all the
younger formations were deposited.

These rocks are found in four major regions of Ethiopia: West and South-western; North;
South; and Eastern regions of the country (Kazmin, 1973). The Precambrian metamorphic
rocks comprise litho-tectonic low-grade volcano-sedimentary assemblages (of mica,
feldsphatic, amphibolites, chlorite, etc) with associated mafic to felsic intrusive (such as
granites, granodiorites, diorites, basic dykes, gabbro and etc) and high-grade orthogneises and
paragneises assemblages (Tadesse et a., 1999). These crystalline basement rocks have
undergone poly-phase deformations and metamorphism (amphibolites to granulite
metamorphism). Thick successions of the low-grade metavolcanosedimentary assemblages
including the island arc and dismembered ophiolites assemblages are commonly termed as
Upper complex of the Precambrian basement. Linear belts of mafic and ultramafic rocks are
commonly confined to major shear zones often marking the contact between the two
assemblages. Gneissic terrains (Lower Complex) are generally considered to be older than
the volcano sedimentary assemblages. The Precambrian rocks of Ethiopia lie at the unique
position of the northern part of the Mozambique belt and southern tip of the Arebonubian
shield.

Precambrian outcrops in Eastern Ethiopia around the city of Dire Dawa (the present study
area) are dominated by migmatitic gneisses showing well-developed gneissic layering.

2.3.2. Palaeozoic- M esozoic sediments

Late Paleozoic-Mesozoic sedimentary rocks are widely distributed in the northern, central,
Eastern and South-eastern parts of the country, overlying basement rocks.

Paleozoic is poorly represented with the exception of well-documented Permo-Triassic Karoo
sedimentary rocks at the base of Ogaden basin and the presumed Ordovician glacia deposits
in Northern Ethiopia (Shigut, 1988).

Late-Paleozoic to Early Mesozoic marine and continental sedimentary rocks are exposed in
some parts of Ethiopia (Tefera et a., 1996). They are mainly sandstone and minor tillite,
shale, siltstone, Limestone and conglomerates, which filled channels in the Precambrian
basement. The Enticho sandstone and Edaga Arbi glacial deposits in the Tigray region,
Permian sandstone in the llubabor and Kefa regions, the middie Abay tillite exposures, Waju
sandstone, Calub sandstone, Gumbro sandstone, Bikh shale from deep bore-holes in the
Ogaden region (Tefera et a., 1996), and the Genale basin’s glacial tillites are some of these
occurrences.
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Thick Mesozoic sedimentary sequence is extensively exposed in Eastern part of the country
extending as far as central and northern Ethiopia beneath the tertiary volcanic and overlain
unconformably on the basement rocks. The geodynamic event responsible for the deposition
of these rocks coincided with the end of the transgression of the Indian Ocean.

The sedimentary sequence represents the Jurassic transgression of the Indian Ocean from the
East (in the Ogaden) towards North and west and then subsequent regression to the sea.

The Mesozoic rocks composed of the major stratigraphic sediments of Triassic sandstone
(Lower sand stone or Adigrat Sandstone Formation), Jurassic Limestone of Antalo Group and
the Cretaceous (upper) sandstone with intercalations of mudstone and marl.

In Dire Dawa area, a part of South Eastern Ethiopia, All this Mesozoic successions are
exposed and they are unconformably overlies the basement rocks of the area and over lied by
the volcanic rocks and quaternary deposits (as shown in figure 2.4). According to Bosellini
et al. (2001) the Mesozoic stratigraphical successions of Dire Dawa area is generally divided
into three stratigraphic units, as givenin (fig.2.3). Form old to young, they include:

» Adigrat Sandstone Formation
» Carbonate marly units (Antalo Limestone Formation) and

» AmbaAradam Formation. Each of them is described below separately.

2.3.2.1. Adigrat Sandstone Formation

At the base of Mesozoic successions, Adigrat Sandstone Formation is unconformably
overlies the basement rocks. Adigrat sandstone is the name given by Blandford (1870) for
the basal clastics in Tigria (North Ethiopia), where Adigrat sandstone localy overlies
horizontal glacial rocks of paleozoic age (Sexana and Assefa ,1983; Dawit, 2010)).The same
formation name is used for the basal clastics units of Somalia (Bosellini,1992) ,where as
equivalent terrigenous deposits are called Kohlan Formation in South Arabia (Y emen, Oman
) (Lamare ,1930) and Mansa Gudda Formation in northern Kenya (Ayers,1952).

The Adigrat Sandstone of Dire Dawa area is hormally quite thin (O- 200m thick), it’s entirely
absences in places suggests that depositions on a basement with highly irregular surfaces
relief. Some shale, probably lagoon, occurs to top, where as several quartz, pepple
conglomerates characterize the lower part.

According to the Bosdllini et al., (2001) the sandstone of this area are grey or red and very
coarse, arkosic in compositions, reflecting the underlying the basement rocks, mainly pink
granite intruding biotitic gneiss. The formation is of fluviatile origin and the entire
stratigraphical and sedimentological context suggests a pediment or braided deposits for the
Adigrat Sandstone of Dire Dawa. Both the lower and upper boundaries of the Adigrat
Sandstone are probably diachronous (Bosellini, 1989). The age of the lower boundary can be
Triassic to early Jurassic or even Permian. The age of upper part is taken as the age of
begging of marine transgression and is probably late liassic to Bajocian.
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2.3.2.2. Antalo Super Group

It is the carbonate bearing units of the area, overlying the Adigrat Sandstone Formation. This
Antalo Super Group is the focus of the present study, as raised in the next successive
chapters. Based on their local study sections and areas, Bosellini et al., (2001) subdivided the
Antalo Super Group of the Dire Dawa area into: Antalo Limestone Formation, Dire Dawa
Formation, Daghani shale and Gildessa Limestone, when listed from bottom to top.

Antalo Limestone Formation: they give this name only for the lower parts of the carbonate
units of the area; consist of two distinct members grossly described and recognised by
Grietizer (1970). The two members are well defined morphologically and characterized by
thickening upward sequences. The lower part is made of fossilifeours bioturbated dark grey
marls and marlstones capped by dark grey grainstones. The upper part is made of dark
sandstones and grainstones. Its thickness is about 100 m. according to various fossil
assemblages of fossils; they give Callovian-Oxfordian age, for this formation.

Dire Dawa Formation: Thisformation is named by Bosellini et al. (2001) and represents the
abrupt flooding of underlying grainstone parasequence sets of Antalo limestone Formation. It
starts with thinly bedded 10-15 m dlightly nodular black-bluish mudstone, with thin lenses
and layers of black chert. After 20-25 m fine grainstone beds (20-50 cm) alternate with marly
wavy-bedded limestone. Bioturbation is quite common, small coral fragments and fine
skeletal debris and existence of the black micritic limestones rich in ammonites and
belmnites. At Dire Dawa toward the top, five breccia layers each 2-6 m thick occur inter
bedded with the cherty dark grey mudstone. Most probably they document tectonic instability
of the basin floor. Thickness of Dire Dawa Formation is 80m in Dire Dawa and 12-24 m near
Gildessa. This Formation age is Early Kimmeridgian by stratigraphical position, as the upper
member of the underlying Antalo lime stone is Late oxfordian (Alveosepta jaccardi zone) and
overlying Daghani Shale is Middle to Late Kimmeridgian.

Daghani shale: in particular site above the shallow water Bihen Limestone, Bathonian-
Callovian in age, a thick succession (~ 580 m) of the deeper water sediments (Gahodleh
shale, Wanderer limestone, Daghani shale) of early to middle Kimmeridgian age follows.
Daghani shale succession is about 25 m thick, rich in belmenites and ammonites and occurs
above Dire Dawa Formation and overlaid unconformably by above Amba Aradam
Formation. The Daghani shale of Dire Dawa co