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ABSTRACT

5
Subsurface data from 940 wells drilled at onshorg and
offshore locations in East Kenya were integrated with outcrop

observations in the Lamu and Mandera—-Lugh basins in a

stratigraphic-sedimentologic study of Cretaceous through
Tertiary strata. A total of 37 cores from various sections of

the study units and corhésponding geophysical well logs were
utilized in delineating main descriptive units and their lateral
“
cgntinuity. Correlations with equivalent strata in Ethiopia,
Somalia and Tanzania were made to demonstrate lateral facies
patterns and to reconstruct the regional depositional history.
The overall analysis reveals a systematic pattern of
depositional units that  have been grouped inteo megasequences,
representing distinct provinces with regard to time stratigraphy,
depositional - environments, sedimentation, tectonics and
hydroca;bnn potential. Megasequence II includes strata of the
Cretacéoug and Paleocene ages, namely the Upper Member of the
Mtomkuu Formation, Freretown Limestone, Walu Shale, Danissa

Limestone, Upper and Lower Members of the Danissa Beds and the

Marehan Sandstone. Megasequence Il includes strata of Eocene

'through Oligocene ages,' deposited in fluvial, deltaic, and

restricted-sh%ﬁf settings, during intermittent episodes of uplift

and subsidence. These include the Kipini Sandstone, Pate
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Limestoné, Linderina Limestone, Dodori Limestone and tﬁe Barren
Beds. Megasequnce IV includes strata Miocene to Pliocene in
age, deposited in restricted-shelf and fluvial settings, during
phases of more pronounced uplift, subsidence and faulting. These
include the Baratumu Formation, Kipevu Beds, Fundi Iéa-Limestone
Marafa Beds, Midadoni Beds, North Mombasa Crég, Lower Magarini
Sands and the Merti Beds.

Strata with good reservoir potential in Megasequence I1I

consist of subtidal bioclastic limestones of the Danissa

Limestane, tidal channel sandstones of the Marehén Sandstone,

delta front sands and siliciclastic turbidite deposits
comprising the Kipini Sandstone. Those of Meqgasequence IIl:
include reef. and back-reef oolitic facies related to the

deposition of the Pate Limestone, delta front sheet sands, point

bar, distributary channel and turbidite deposits that constitute’

the Barren Beds. Shbtidal bioclastic limestones of the Baratumu
Formation and time—equivalent carbonate slump deposits 1in the
offshore region make up the reservoir units of Méaasequence IvV.
Reservoir strata of these megasequences associated with salt-
diapiric structures in the offshore area, form good prospects .
"Rocks with source rock potential are Eresent in the Jurassic,
Middle Cretaceous and Tertiary sequences. These prospects

provide an alternative focus from past exploration strategies.

s !

=



ACKNOWLEDGMENTS

1t is my great pleasure to thank the Canadian International
Development Agency, whose financiai contriblitions to the Kenya
Government Training Fund made this work and my studies at the
University of Windsor posgible. I wish-td acknowledge help from
Miss M. Malusi of the Kenya High Coﬁmission in Ottawa and the
staff involved in co-ordinating and dispersing the funds for the
programme. The %inancial and logistical support provided for the
field studies by the National 8il1 Corporation and permission to
utilize well data of nan—-confidential status is greatly
appreciated. l

My great indebtdness 1is due to Professor F. Simpson under
whose supervision I had the most wvaluable opportunity to carry
out thesis—relgted research on a topic based on my coun¥ry. The
sacrifices he made by travelling to Kenya in the summers of 1986
and 1987, in order to supervise the field studies are deeply
acknowledged. His numerous suggestions for improvement were very
valuable in preparation\g;fthe final text and. accompanying
illustrétioné. Few pages survived upscathed. My special .thanks
are also due to Miss M. Cooper for giving her time generously to
assist in typing and for the keen interest she took in my work.

Finally I thank all my graduate student colleagues, Mr.

S5.W. Karanja and Mr. J. Bacopoulos in particular, for sharing in

fruitful discussions and offering useful criticism.

vi



v
LIST OF CONTENTS

ABSTRACT . v e vsevsaraacconns ............. ...... [ A
ACKNOWLEDGEMENTS .. v e e cvssrscnnencrrencs B T R R vi
LIST OF CONTENTS..suasseeees wrassesassemanmanra .;... ....... L.. vii
LIST G% TABLES . s s ceesnancssencneracss cr e ceeee vareenns . X
LIST OF FIGURES.....ccceonuuanstr-nonns G eessannensaseanaaare-  Xi
LIST OF PLATES...... Cehsremeas recarenes eaeemerter s xiii
CINTRODUCTION. ... v c v v e maseasmesan e T 1l
éTUDY AREA. ... t.. ......................................... 1
STUDY OBJECTIVES......- eseeseesea s R 1
PREVIOUS NDRK.......; ...................................... .3
Primary Mapping.....c-seocarerecrrrrner-e e 3
Deep—Seated Tectonic Fe&tures... .................. e e 4
Nature and Time Framework of Rift-Related Events......e---- \ 5
Nature and Time Framework of Plate~Tectonic Events........- " 7
Drilling History.......ccccu- e emams e b wavesmrannae . 8
Hydrocarbon ProSpectS..cccereassrsssasencecaasscarurmmaeroes 14
Late Tertiary and Quaternary Sedimentation.....cccrsemeens . 16
SCOPE OF STUDY e« e s et e evasannsersanmsnnnesaesassneenanessns 18

vii



P
-
REGIONAL GEOLOGY .. cvertvveecncccnsnsonensesnsnensnancens echiu. 22
GENERAL REMARKS. ... .ccitaaarure eeens seserraaasea s e e seaaea 22
PHYSIDGRAPHY........: ..... e e e Cearessenna s e s rsaa ey e 22
STRATIGRAPHY . . - v e v cvecvenne s e s aeeeaaaea. 23
STRUCTURE ................ e sresamn e e . e resman 29
Basin configuration.......... S eeeseasaseneataaan e aaaan 29
Rift Features............ e e emees Peessearrnarermanaecna 33
Basement Lineaments........... Gt e e s -t e s A e 36
Main Fault SysStems. ... e ecreeacunaannanssneneennnessrss 37
DEPOSITIONAL HISTORY .. v v e v e cnennns e e e amen f ks st aareneren 40
GENERAL REMARKS. ... s ccceecacensss theaesessacnasannanes e.... 40
DETAILED STRATIGRAPHY « v« c v i it p e ettt e e iee i e et b s sarans 40
Cretaceous Stratigraéhy .............................. [ 40
Lower C:;taceous Strata of South-East Kenva..v.eeeesoannn- ? 41
Upper Cretaceous Strata of South-East Kenya..eeeeadoreeeann 44
Lower Cretaceous Strata o;tNorthHEast KeNnya. . oceeennenaanan 47
Tertiary Stratigraphy....i.cessrsresensasaneacenncnansonanenns L7l
Paleogene Strata of South-East Kenya..........; ...... ﬁ.:;.. 73
Paleogene Strata of North-East Kenya....eoereceeiavenaoanns 79
Neogene Strata of Scuth-East Kenya......eae-a-. . 80
Time Framework of Neogene Strata in South-East Kenva....... 96
Neogene Strata of NOTFEH=EQSt KeNya..eeesroenenesenroennnens 103
heléiionship Between Onshore .and Offshore Strata........... 106

&

viii



Classificatiom of the Cretaceous and Tertiary
Stratigraphic Units.....ccvmcasnencenan craaeae P I

Definition of Megasequence ) S B 4

Definition of Mégasequence Ill.iiievnccnnonsonannnn= ceeee--117
Definition of Megasequence IV...... e e eesmmeaesaus s 118
MAIN DEPOSITIONAL SYSTEMS. .. cncsnsraensennnns e ...119
Depositional Settings Of Megasequence ) () SR S .
Depositional Settings of Megasequence 11T, iencenns eeenaes 130
Deposiiional-Settings of Megasequence IV............. S i
| SEDIMENTATION AND TECTONICS....... cseoeena e e e eeanaes 136
HYDROCARBON PROSPECTS. ..esc-aanees casiesmimnae e P 146
GENERAL REMARKS...-..se-a- cemaneeaneaas Wreracsenn creravanae 146
PROSPECTS FOR STRATA OF NEGASEQUENCE ) 0 S R Y
PROSPECTS FOR STRATR OF MEGASERUENCE IlI..... saessn e re e 151
PRDSPECTS FOR STRQTA OF HEGASEQUENCE IVee.... eaamas car e 152
REGIONAL HYDRODYNAMICS GEDTHERMAL REGINES
AND -ACCUMULATION PARAMETERS......cvaeedecenrs cree e .e.153
REGIONAL HYDROCARBON OCCURRENCES......-...-. e rarreanan .. 157
«
CONCLUDING REMARKS. ... v v oo .- A haerasrre e e e a2
REFERENCES. . s evcsesrsrcssssosaaccaansserssrscrss R
APPENDIX 1....ccvvesncaarcannns e cenmraanenran cdcenase e 178
APPENDIX 2. .cvce-scnean casemssnn e mnane freess b e e.oe..181
APPENDIX 3.ueevennnenn- e SR K
VITAE AUCTORIS....... casesm e crsseane e ..........-:206
ix



™~

*’

LIST OF TABLES

Tables

1. Stratigraphic test-wells drilled in the offshore
and onshore parts of the eastern Kenya sedimentary
basSinNS.cecacscncaaanasens cesesacsanns e s asaeuns casamsns

2. Drill-stem—test results from Tertiary strata of
south—east Kenya........ eemecsmemnesacecanamcaasnens

3. Stratigraphic correlatdion chart for Kenya and
adjacent areas of East Africa....crenecnrecacnccaaan

4, Type section of/ihe Danissa Beds (Cretaceous)
on the northern scarp of the Danissa Hill,
north-east Kenya (from Saggerson and Miller, 1957)..
®

5. Type section of the Marehan Series (Cretaceous)
on the western slope of the Raiya Hills,
north—-east Kenya (from Joubert, 1960).......c..00...

4. Stratigraphic correlation chart for the
sedimentary basins of east Kenya.....coueeoan Ceeaea

7. Prospective facies in Cretaceous through Tertiary
strata of the sedimentary basins of east Kenva......

B. Hydrocarbon occurrences in Cretaceocus through
Tertiary strpta of the sedimentary basins of east
Kenya and adjacent regilonS....vcieervucnssnsonannaes

1

Page

49



[\

LIST OF FIGURES

Figures :

/
/

Paée

1. Study location map showing the eastern sedimentary
basin regions of Kenya and adjacent areas....-..... 2

2. Structural cross—-section of Cretaceous and Tertiary
strata in north-east and south—-egast Kenya and the
agdfacent offShOre..cccsrecsesrrocsnssrratssassnanse 42

3. Structural cross—-section of Cretaceous and Tertiary
strata in south-east Kenya and the adjacent
OFFOROT B s s e sanmecennssenanatanssnusassnnnsrsnasss 43

4. Sedimentary facies of the Danissa Beds (Cretaceous)
at Ankarass, Dimo Water Hole, north-east
KEOMY B consmeneasonsarrasssnssssnnnssssansaaannans ce. 54
5. Sedimentary facies of the Marehan Sandstone
(Cretaceous) at Kobansu, near Mandera,
north-east Kenya........ e meeaenaaan Ceeeaeees vee... OB
&. Sedimentary facies of the Marehan Sandstone
{Cretaceous)} at Gududiyu, near Mandera, )
NOrth—-east KEeNya...cosreeseassneanssssnssanaaasas ... 65
7. Structural cross—-section through the Marehan Series
(Aptian to Coniacian), north-east Kenya........ ve.. 12
*
8. Sedimentary facies of Lower Eocene-Oligocene strata
in the B.P. Shell Dodori No. 1 well, south-east
| KEMY@eeeaeaanen et neaaaneae et 76

9 .—Sedimentary facies of Middle Eocene—-Oligocene strata
in the B.P.. Shell Walu No. 2 well, south-east

KenNya..coeeeosaoars e e s eseeeerencaraa e 81
io. Sedimentary facies of the Baratumu Formation, {(Lower
Miocene) at Kilifi Creek, south-east Kenya......... 84

11. Structural cross~section through the Baratumu
Formation, (Lower Miocene) south-east Kenya........ 85

{2. Structural cross—-section through the Marafa and
Midadoni Beds, (Upper Miocene) south-east Kenya.... 98
1 \ -
13. Structural cross—-section through the Merti Beds,
(Upper Pliocene) south-east Kenya.........cevnvnen. 107

14. Prevailing currents of the Indian Ocean............ 121

xi

[

-



15.

i6.

17.

1B.

19.

20,

21,

22,

23.

2.

25.

26.

Sedimentary facies and distribution of the Upper

Member of the Mtomkuu Formation (Neocomian)........ 123
1 I

Sedimentary facies and distribution of the Freretown

Limestone and Lower Member of the Danissa Beds

(Aptian) ...t iiiiceiccnnncacanan e !

Sedimentary facies and distribution of the Walu
Shale, Danissa Limestone, and Upper Member of the

Danissa Beds {(Albian-Cenomanian)....ccacecnccncaanans 125

Development of vertical burrow traces below an
erosSion SUrfTaCe. . s e it st casacaanacnasenasennas 127

Sedimentary facies and distribution of the Marehan
Sandstone (Turonian-Coniacian) cc.eeeeeceeeeicricanan 128

Sedimentary Tacies and distribution of the Kipini
Sandstone (Santonian - Upper Paleocenel...... cee-..131

Schematic diagram showing inferred depositional

environments of the Kipini Sandstones........ Ceeraa 132
Hypothetical diagram illustfating general
evolutionary scheme of the south-east Kenya,
Atlantic~type continental MargQife.eeses-ss. e, 137

Paleogengraphic reconstruction of the
Trans—-Erythrean trough showing extent of the
Jurassic-Tethyan transgression. . i ettt iaiennss 139

Location map showing boundaries of present
exploration blocks in the sedimentary basin
regions of. eastern Kenya....... Cr e ms e an e 148

Location map of the north-east sedimentary
basin region of Kenya showing route fq}lnwed
during the field study and stops at selected
TOCK OULCTrOPS. e s sn v scccaanctaaneeonssssarssns “.--191

Location map of the south—-east sedimentary
basin region of Kenya showing route followed
during the field study and stops at selected
rock outcrops..... et errace et e ..200

xii



Plates

j

LIST OF PLATES

Page

Laminated intertidal-flat siltstones

and clays, lower unit of the Danissa

Beds (Cretaceous) at Ankarass, Dimo Water

Hole, north—east Kenya...... 3=

B. ‘ Planar, cross~bedded tidal-creek sandstone,

showing south-east-trending clastic dykes,

upper unit of the Danissa Beds {Cretaceous)}

at Ankarass, near Dimo Water Hole,

north-east Kenya..-aieeassacassanasnes - -

.Flaggy sandstone with linear ripples,

load and groove casts, from the Danissa

Beds (Cretaceous) at the small hill near

Bur Hara, north-east KENYB .+ ssennanneaassaensssd?

Laminations in tidal-channel sandstone,
lowermost unit of the2 Marehan Sandstone

(Upper Cretaceous) at Kobansu, near

Mandera, north-east Kenya...... ceeeaean i eaaann 59

Large-scale, trough cross-bedding in tidal-
channel sandstone, lower unit of the Marehan
Sandstone (Upper Cretacecus) at Kobansu near
Mandera, north-east Kenya...... Ceresaee vee...60

Cross—-laminations in tidal-channel sandstone,
showing reactivation surface, middle unit of

the Marehan Sandstone (Cretacecus}) at Kobansu,
near Mandera, north-east KENYA.eovaneoanrenasa02

Large-scale planar cross-bedding in sandstone,
upper unit of the Marehan Sandstone (Cretaceous?
at Kobansu, near Mandera, north-east Kenya....063

Massive intertidal-flat sandstone showing roact
cacste formed of detrital haematite, uppermost
unit of the Marehan Sandstone (Cretacecus) at
Kobansu, near Mandera, north-east Kenya......-64

Even bedding in tidal-channel accretionary
sandstone, showing high-energy undulatory
ripples and plant debris, lower unit. of the

- Marehan Sandstone at Gududiyu, near Mandera,

north-east Kenya..............................66

xiii



Burrow system in the lower unit of the
Marehan Sandstone (Cretaceous) at Gududiyu,
near Manderé}anorth—east Kenya..... Peeanemanes 67

Large—-scale planar cross-bedding in tidal-channel
sandstone showing the parallel upper and lower
bounding .of sets, middle unit of the Marehan
Sandstone (Cretaceous) at Gududiyu, near
Mandera, north-east Kenyva...... wa e sveasea 69

Large-scale trough cross-bedding in tidal-
channel sandstone, showing inclined strata

and lower bounding surface, upper unit of
the . Marehan Sandstone {(Cretaceous!) at Gududiyu,
near Mandera, north-east Kenya...... SERToE 70

lower unit of the Baratumu Faormation {(Lower
Miocene) at Kilifi Creek, south-east Kenva.... 86

Syntectonic, extraformational conglomerate in
the Baratumu Formation (Lower Miocene) at

Kilifi Creek, south-epast Kenya....eeeeesrnnnns 87

Calcilutite with highly comminuted fossil

.debris, Baratumu Formation (Lower Miocene) at

Kilifi Creek, south—-east Kenya....eeroonennncan 88

Evenly and horizontally bedded fossiliferous
limestone, upper unit of the Baratumu Formation.
{Lower. Miocene), south—east Kenya... ooaeenans 89

Outcrop of the Marafa Beds, showing cross-
bedding on a very large scale, Hell's Kitchen
badlands, north of Marafa Village,

south~east Kenya.....cveuenenannn Ceeeer e 100

Outcrop of the Marafa Beds J[Upper Miocene)

showing a dip of 24 degrees toward the
south~east, near Hadu, BSouth-east Kenya....... 101

Xiv



INTRODUCTION ' s

STUDY AREA
The study area is located in eastern Kenya (Fig. 1), a
regicn with’® an approximate area of 260,000 sq km. It is

bordered by Ethiocpia in the north, Somalia in the east and
Tanzania 1in the lgouth. it comprises the area east of the 39th
meridiaﬁ, including the adjacent continental shelf and slope of
the Indian Ocean.

Three major sedimentary basins exist in the region: the
Lamu basin, located in the south-east and continuing into the
offshore western Somalia basing the Anza basin situated between
the equator and the 2° N parallel;j and the Mandera-Lugh basin in-
the north-east, with 1its axis 1lying along the Kenya-Somalia
border. These basins and related structures, were subjected to
pericdic tectonism that greatly influenced their sedimentation

histories.

STUQY OBJECTIVES

The study is confined to the Cretaceous and Tertiary strata
preserved in the basins mentioned above, and coﬁprises three
major objectives:

i. to describe the stratigraphy and sedimentology of the

| main lithostratigraphic uﬁits of East Kenya and

correlative strata in adjacent areas;



- 38
ETHIOPI A
wolnry

VALLEY

b4
WNYAMBEN]
Aamgt h

RIFY

MT, KERYA
r

‘I'

/ ~—
/\--—_.—_/

TANZANFA s,

[
0.‘1

Nlbll'l n

BAOD0 camwm

o o

N

RMAMUY

SOMALIA -

NMANDEM A

42"

L

—4
W
3 36*
! |
10 0 20 4040 8 100 120 WD
XM
t 2 3 4 -]
T \ faan o —

Fig. 1.

of sedimentary basin
3 - bisement horst block;
S - route of field study.

Study location map showing the eastern
regions of Kenya and adjacent areas.
region; 2

4 — stratigraphic-test wells;

- rift

sedimentary basin
1 — western limit
faults;




-

2. to establish an accurate chronostratigraphic framewor
and identify depositional sequence boundaries based an
the concepts of sequence—stratiéraphy developed by Haq
et al.(1987);
3. to explain the origins of these units with reference
to specific depositiaonal systems; and
4. to assess the reservoir and source-rock potential and

the hydrocarbon prospects of the area.

PREVIOUS NDRKq
Primary Mapping

The Geoleogical Survey of Kenya systematically mapped the
surface geology of east Kenya on a continuous basis since the
early 1950s. Geological reports and the corresponding geologiéal
maps have been published for about 60 percént of the stuéy area.
The unmapped area, occurring between latitudes 1°° 30'N and ae°
30'S, is covered by Quaternary sediments and lacks prominent
rock exposures. More recent, but less extensive, surveys have
been conducted by overseas oil companies in areas pertinent to
their exploration interests. '

Much of the ground where the field studies in the narth-east
were carried out during the summer of 1987,. has been discussed
in detail by Frey et al. (1975). The most important information
provided by this work is the location of Mesozoic outcrops in the

area.

The coastal area to the south-east dominated by Late



Paleozonic and "Early Mesozoic strata, has received greater
attention sinmce Linton and MacLean's (1955) attempt to establish
a complete stratigrapﬁic column fof the Phanerozoic rocks in
the region. The most authorit;tive stratigraphic and
sedimentologic study is that of Walters and Linton (1%273), who
estimated thicknesses of 4000 m for the Cretacecus strata and

4100 m for the Tertiary at the coast.

Deep-Seated Tectonic Features

A significant amount of geophysical work has been conducted
in the offshore and onshore areas, particularly in the region of
Tertiary rifting west of the study area. The seismic surveys,
conducted onshore since exploration efforts begamn in the 19&0s,
are inadequate and of poor quality. Offshore mapping by a
variety of geophysical means, was considerably augmented by the
investiéations of the following research vessels: R.V. Vema,
R.V. Argo, R.V. Atlantis, H.M.5. Owen, and the Glomar
Challenger. Okoth (1981) correlated seismic reflection data,
acquired by Total Exploration Company in the offshore region,
with drilling results from the Total Simba No. 1 well. Rabinowitz
(1971} compiled gravity data from the above wvoyages and
discovered two offshore basement riéqes, that reflect structural
changes within the crust. The ridge seaward of Mombasa has an
east-west trend, while the o%her strikes north-south and

represents. a probable submarine extension of Pemba Island.

Another nS&Whusouth trending . ridge, the Davies Ridge {(Bunce and



Molnar, 1977}, has been interpreted as a fraéture zone along
which Madagascar Arifted ta its present position. Kent (1982)
notede the similarity in general structural pattern in the
offshore and onshore areas. McConnell (1977) attributed this to
regional sub-crustal processes that served to dissipate mantle
heat and pressure through the Precambrian basement;

Rabinowitz and Coffin (1982) documented the existence of
diapiric structures, interpreted as salt domes, on the
continental margin of north~ea§tA Kenya and Somalia. Similar
structures, confirmed from drilling as non-piercing salt bulges
(Kent, 1965), were encountered in the Nandéwa graben of southern
‘"Tanzania. The relationship between these two discoveries and
that of Turonian strata off the Somalia coast (Schlich et al.
1975) provided fuhdamental data for an objective assessment of

paleopositions for Madagascar.

Nature and Time Framework of Rift-Related Events

The development of extensional structural features, from a
global ﬁérspective, occurred in several distinct phases.
According to Milanovsky (19837, in Archean and Early Paleozoic
time,-extensional and com?ressional phenomena produced lineaments
and orogenic belts, of which the Mozambiquean of Eastern and
Southern Africa is an example. Horizoﬁtal extension, heralding
the break-up of Gondwanaland, was generally a Late Paleozoic
event. Rifting related to seﬁondary ocean formation accompanied

by blind branches of passive-martgin typé, characterized the

\\. /
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Mesozoic and Cenozoic Eras. ﬁctive riffs, arising from
asthenospheric diapirism into an atteruated lithosphere under
conditions of gravitational instability (Bermingham gé al. 1983,
were typical of the Cenozoic period. .The East African rift
system, running through Kenya‘and Ethiopia from northern Tanzania
to Jjoin the Suez Rift at the Afar triple junction, represents
such a feature. Illies (1969) rnpted that the rift system is
engraved on the crest of a broad, elliptical dame in Centrai

Kenya. Baker and Wohlenberg (1971) related its development to

intermittent phases of domal wup-arching, crustal flexuring,

faulting and isostatic subsidence, along deep north-south

infrastructural lineaments. McConnell (1977), who used the term
)

"taphrogenesis" to describe the vertical movements, recognized

the deep—éeated structural control of pre-existing lineaments in
- the Mozambiquean basement.

Girdler (1946B) considered the most pronounced development of
the ' rift and associated volcanism to Aave been Plioccene in age,
when the translational and rotational movements of Arabia and
North—-East Africa opened the Red sea. Baker (1970) noted that

the resultant of these relative movements was an element of

sinistral shear and distension along the East African rift.

Sowerbutts (1972) suggested two earlier periods of rifting. The
first was Triassic—Jurassic 1in age, coinciding with the
continental break-up of Africa frem the

India—-Madagascar—-Antarctica block (McElhinny, 1970) and related

to the marine incursion that spread along the coasts of East



Africa and India éTarling, 1971}). Thé second took place in
Cretaceous time and was associated with thé oceanization process
{Flores, 1984). Kent (1982) observed the linkage between the
southern part of this  rift system and the line of fault-
controlled sediment:}y trouéhs, running north-eastward from the
Kenya cosst. These are passive rifts, representing the failed
arm of extensional zones along which the Gondwana landmass broke
up.
Nature and Time Framework of Plate Tectonic Events

Considerations of whether the continental margin of East
Africa evolved as a passive margin or as a continental boundary
unrelated to seafloor spreading, are claosely related to
alternative hypotheses on the pre-drift position of Madagascar.
Three .positions are commonly cited in the literature: at 1ts
present position (Tarling, 1971; Darracott, 1974), adjacent to
Mozambigque (Kent, 1974; Flores, 1984), and adjacent to Somalia,
Kenya and Tanzania (Smith ‘and Hallam, 1970; Heirtzler and

Burroughs, 1971; Rabirnowitz et al. 1983). The weight of
geophysical and geological evidence appears to lean strongly
‘towérd the last—-mentioned hypothesis. The presence of
pre-Cretaceous salt diapirs and Tu}onian straéa off the East
African coast, however, precludes the possibility that Madagascar
could have occupied this position during Cretaceous time.

Dietz and Holden (1970) postulated a Middle Triassic split

of east Gondwanaland from west Gondwanaland, along the
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Carlsberg rift system. A north-east-trending limb of this system
~created the incipient fracture, along %hich the separation of
Madagascar and Africa took place. Kent (1982) 1links the
development of the faulted troughs on the coastal margin to this
break—up. Comparison of onshoré stratigraphic information with
the results of the Deep Sea Drilling Project confirm the
exiaten;e of oceanic conditions along the East African coast in
Middle Jurassic time. The marine connection was initiated from
the north-east as an arm of the paleotethyan sea propagated
southwards, parallel to north-east-oriented faulting in coastal

Somalia, to form an epicontinental sea (Kent, 19274). In Late

Cretaceous times, the Indian Ocean had attained complete
development, following the fragmentation of the
India—-Madagascar—-Antarctica block, and the northward movement of

India along the Owen fracture (McElhinny, 1970). Significant
dispersal of the Gondwanaland fragments, had occufﬁed by Late
Miocene Pime, when a spur of the Carlsberg rift extended inte
the Red Sea through the Gulf of Aden (Dietz and Holden, 1?70).
Associated with this system was a weaker branch, manifested

inland as the East African rift system (Baker and Wohlenberg,

1971).

Drilling History
A total of 4% offshore and onshore oil-exploration and
stratigraphic—-test wells have been drilled in the study region

during the last 32 years. Of these, 346 are located in the Lamu



basin and the rest in the Anza basin.

Table 1 presenté Nnames, locations and oldest strata
penetrated at total depth for the wells, the records 6f which are
in %he custody of the Kenya Government. The B.P. Shell Mararani
No.j 1, B.P\ Shell Pate No. 1, B.P. Shell Pandangua No. 1, B.P.
ShE1l Meri No. 1, and B.P. Shell Lamu No. 1-4 wells, terminated
in Tertiary strata, while the others reached Cretaceous or older
strata. The Mehta'Ria Kalui No. i well, was drilled entirely in
Permao-Triassic strata. The B.P. Shell Walmerer No. i, B.P.

¥
Shell Garissa No. 1, Texas Hagarso No. 1, B.P. Shell Walu Ne. 1
and No. 2 wells encountered the Tertiary-Cretaceous unconformity,
while Unién Kofia No. 1 and B.P. Shell Kipini No. 1 penetrated
intra-Tertiary 'unconfarmities. The Deep Sea Drilling Project
({DSDP}) well No. 241, located 270 km east of the Kenza—Somalia
‘
border, penetrated Turonian strata at a depth of 1174 m. The
intr?—Tertiary and Tertiary—-Cretaceous unconformities are
documented from this well (Davies et al. 1975). The Fumbene,
Gaji, BGoshi and Chui shallow wells, drilled by Linton and McLean
(19555, were restricted to the coastal Miccene and Oligocene

sediments.s,

Other wells in the area include those drilled by various

\
gnvernmdht ministries for either geclogical, hydrogeological or

engineering purposes. Some 100 boreholes were drilled 1in the
-
south-east and another 25 in the north-east by the Ministry of

-~
Transport and Communications for constructionfsite investigation.

Only 7 of “those drilled in the south~east, in the general



10

(uejyoTIISEEH) 3 L9T°TG6.5Fa0F {1L6T)

SNO3OBRIIID IBMOT] £99¢ £ge g°91 S 400"EZ,6Ze20 1# Tusdyd {TouUs “4d°d
&

' d L,00°2S.,¥061V {TL6T)
auaooated getv 18 z e 5 w86°E5.:800.20 T# o3jed TTBUS "4'd

{ueypi03IX0} 3 ,00°Tv.BFabE {896T)
sysseanp xaddp orzT 0*TET 0°sZT S w00°F0.,22000 1¢ BSSTIRD 1T124s °d°H€
{ueTWO20aN) 3 ,00°60,5t.0F {996T1)
sSN0SIL3IBID IIM0OT V6LE L E£G8T 9 LY S wW00°SE,900,00 1# I2I18uTeM T(3Ys °*d4d°89

3 ,00°V0.TTeTF (£96T)
auasozTed oTEY p°Zt T 9¢ S LOLES.BF.TO 1# Taiopeog T1I=Us "d°d

(uetady) ‘ d L00°0T.¥T.0V (z96T)
snoaoelaxn iaddn 6ZLE 816 098 s :ccwwo.mMuHo Z§ nIeM ITBUS "d°H
{puad0d STPPTH) N 3 .0070T,bTaTP {196T)
Rreriyasl 1661 g te S W00 LS VLT 1# Fueleiey TISYs "4°d€

(ueTuoINL) v 3 LO0LL OVabY . (peBT)
snoaose3yax]d iaddn vLTT 0°vs0¥ S w00,¥2°2Z.20 vz d4asa
(UBTYDTIFSERH) 3 ul6°8T.95-0¥ (186T1)
SNO3DE}AI] IIMO] 1¢9¢€ 561 S 4 3 S WlT EE(ZELZ0 T er3joy¥ TTO HOTul
{3ua2cby1T0 13ddn) H 458°L0.FZa0F {(Tg61) 9T# TPEPTATH
Kietazal ; LE6TY 0°FS L*8¢f S uBL B0,E5020 f25TAIDS SBTITD
(To6T) Y1# TpepraeW
ﬁ L89 0*82 1357AI195 SITITO

{uetuedueDd) N H .09"90,00.0F (Leet)
snoaoelaxd Iaddn pO9E 0*EE6 0°TZ6 S uB83°90.000F0 T4 BPQUTS TB30L

(w}) (ur} () uvdA
aaLvdIaINId . HLddQ d3L¥M ¥0 { *9N0T/ " 1¥T} e[ 344
IYIMIIYH 153370 40 3D HIJ3A TVLOL NOIL¥AdTd 87 YN TTIM .

NOILVAZTIE DZ:O&U\J//.ZOHﬁduOA anvI
7

VANAY NYEL1SY¥E NI qdTTIHG STIIM LS3L O

THAYYOIIVILS QNY NOILVHOTI4X3 1110 IYOHSNDO aNY FHOHSJIO 7 FTUVL



11

{uetTebTRING)} 3T L0E.ZVa0F . {8561}
BU3DOTH IaMC] t4 44 z'e S uGENZTeC0 z4 nwel 1194Ys 478
(ueiTebipInd) 3 u6Z,8%a0VF {gseT)
AUDDOTH AI2MOT 6L 8*21 . S wlS5:0TeZ0 1§ hweT TI24s "d°d
(auaboated) 3 400,TTa0¥ (T961)
Kier3Ial 6T £ 6LT H 49E,02.00 T# 7IaW TT12Us ‘'d°d
{ueyuedued) 3 u60.5Ta0F (T96T}
snoase3ain zeddn goaLT L'eg S .V0,8E10 1# BTEM 1734ys °"d°d
{ooxey) 3 .00.¥Tebl (1961)
ayssefIl-uetuIag g£sT S w00:G6bat0 TF TOTEM BTH TTO BIYSH
(su220b710) T L.ST15Z.0F (096T)
A1e1aaal zZa6T v oz S uI5:50020 14 enbepued TI=2US "4°H
{oo1ey STPPTR) ) . 3 .00"0%BSa6E (86T}
aysseyil-uetuiad Lto6T \ ¥ LZT H w00°ZEWLTLTO z# Teb13 OOOWY
{ooxex} 5 4 ,00'60,€506E (L961)
aysseral-ueyuiad 0821 J przee H w00°L¥.22-T0 1# TeBb13 ODOHWY
(ooaey) { T LS 9T9Pa6E (9861}
ofs5eTIL-UBTUIad £98¢ g 8¢ .,. 0°1£Z S WBE"LS.BT.00 14 ueousy epeued-01313d
3 L00°E0,LVebl {9L6T)
SNOADEIDID IOMOT] NEZY¥eE 2 891 FrT191 N «00°60,9Z.00 14 T3IEYeH UCIAIYD
/ d .00°L9:The6E {9L61)
snoaaelal) IIMo] 799¢F 9*96Z | AAT4 N L00*6€,550.00 1# Pzuy uolIaayd
(ueTqI¥ 3I3moT) 3 ,0G°'0V,9Za0F {SL6T)
snoaoce3axd aaddn z60t L°Z6 £°58 S w05 EV.LVe00 t# osiebeH SBX3L
() (w) N (w) HY3IX
[eichA R Act ict | . H1d3q YILYM HO n.uzoq\.Fdnd ANV
TYId3LvH 1530710 30 a4 H1d3g TVLOL NOIEVAZTII 87 HOILVYAZTI AQNNOHD NOIIVIOT QNN AWYN TIIM
¥

(p,3u0d) T TV



(pS6T)

c°g z$ ebuamyer A21v,d T1T24S

. , (¥S6T)

v’ . : L. 1§ ebusmyen A2Iy,q TISMS

(¥S6T)

auas0BbT {0 7€ 14 susmaey Adav,d 1iays
(rSeT),

auanob110 ©oZe £t |uaquni A21v,d TTI24s
. . (¥s6T)

sua3cbTTO b \ Z# ouaqunl Kday,q T1eus
- (rse6T1)

ausoobI 10 L1 T+ ouaqung A21v,a 112uUs

12

b$ @Ing TT9Ys “"d°4

g4 Bang Aamsw “dTd

Z¢ eing II2Ys *d°d

S

T# =aIng TT8Ys ~4d-°8
1§ nuel-vang J{8Ys "4d-4
: , 14 cxabyiex TteUs -d-d€
{ueitebipang) 4 40Z.SE.OV {656T)
BURIOTH ITBMOT] 969 6°FT S w€S.0Za20 pi nweT [13Ys "4°4€
(ueyTebyping) 4 WpZa¥2a0¥ (BS6T})
BUIDOTH IIMO] E9L g1 S ub0,82e20 £§ nueT TT12Ys *d°d

{w) {w) (w) dY3 A

ALK LIRIG H1L4d3d d3ILVM HO (*ONOT/ " LYT) any

IVIHILVH LS3AT0 J0 IDY HI1Id3d IVLOL NOILVAZI3 “g°H NOILVAZETE aNNOHD ROIINDOT ANV AWVN TT3aM

“ (p,3u0d) T ITAVL
- :



13

(G661}

i
i

AR

RN .‘n..lr..fl. b

Bt

auanabl 10 44 ¢ Toyn Aaay,a 11248
) (vse1)
aua00bT 10 ZE v¢ Fnyd Aoay,q TIdUS
(vseT)
9 ) g4 Toud AdIV,d TIPYS
(¥S6T)
2u3n0bT10 85 - z4 TouDd Aoav,d TI2US
: {vSeT)
2uaos0bT10 8% T# TnuD Aoav,a 1T3Us
Y
(vG6T)
auanobi10 43 p¢ Tusoo Aoay,q T12US
. r {vs6T)
\ 2uz20bTTO G 1 £3 Tusoo A2av,d T12US
/J {ps6T)
auasobi 1o 9T z# Tuson Koay,da 112uS
N c i _ (vS6T)
* = 2uIDCBITOY z€ 4 1# Tysoo Aoay,d TI3US
rl 1

w g . ! J...H;L P cat (rsS6T)
| u:muomﬂﬂwz (8YZE F 7 b mni oy e v ¢# TLeo Aoay,a T194S
N x.w%. . (rS6T)
% 2auadobT{0 {e)ze . - z4 TleD Anav,a TTIdUS
\ _ : (ps6T)
. 3ua20BTT0 Z€ - 14 tlen Aoay,d TI94S

(u) Y ’ (u) HYIK

qarvdiEnId o . HIJda HILVH BO (*oHOT/ " IVT) any

NVIY3LYW 1S3AT0 40 8¢ - ~HIdEA TYLOL™ THOTLVAL1 tgtA NOILVYAZTIE dNOOED HOILYD0T GHYT THYN TIIM
N .. L ¥ e

. (p,3uod}) T 27EVL



“14

vicinity of Baricho and Ramada, and 4 at the Katumba quarry in
Garissa, reached probable Tertiary strata at depths of 10 m or
more. Up to mid-1984 . the Ministry of Water Development had
drilled a to%al of 758 water—-exploration*boreholes, with a wide
range in total depth. The deepest water—production wells were
drilled by oil-exploration companﬁes at Meri, Jara Jila, Hagarso
and Garissa in the north-east for usé in test drilling at deeper
levels. The Geolaogical Survey of Kenya has drilled only 14 wells
within sedimentary strata of fhe north-eastern area.
Hydrocarbon Prospects

None of the deap fest wells drilled to date have recovered
hydrogarbons in commercial quantity. The B.P. Shell Dodori
No. 1 well tested volumes of gas in Eocene and Paleocene strata

through the drill stem (Eames, 19&4). The detection of oil shows.

in strata of similar age from the Sinclair No. 1 Oddo Alimo well

in south-west Somalia lends plausibility to the inference of

reservoir potential within the Paleocene (Barnes, 1976). A drill

stem test was also conducted in Oligocene sandstones, through
a

B.P. Shell Pandangua No. 1 (Stipewich, 1%61). The results of
these drill steﬁ tests are summarized in Table c. The

shut—-in-pressures in all cases were never recorded.

Texas Pacific and Chevron 0il companies investigated
prospects in Cretaceous strata since 1973. The Upper
Cretaceous carbonates, penetrated in Texas Hagarso No. 1 yielded

/
minor quantities of gas and insigmeficant shows of bitumen.
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Drill stem tests in various intervals of Aptian- strata, in B.P.
Shell Walu No. 2, preoduced negative results (Eames, 1963). The
Chevron Anza No. 1 agd Chevron Bahati No. 1 wglls encountered
gilsonite layers in Te}tiary deposits, suspected as being
organic-rich, lacustrine shales (Hunt et al. 1954). A similar
rsuhstance occurred in Neocomian shales of B.P. Shell Walmerer
No. 1. The Total Simba No._.l well, drilled offshore on a
diapiric culmination, enﬁountered Upper Cretaceous rocks with
source quality and under—compacted shales at 3355 m.

The failure of ;ast exploration efforts could in part be
éttributed to the poor definitiaon of structures, due to seismic -

data of rather low guality, and to the lack of sufficient

knowledge on prevalent hydrodynamic conditions.

tate Tertiary and Quaternary Sedimentation
Kidd and Pavies (1278) observed that the distribution of

terrigenous detrital clays off the East African coast dominated

Late Mesozpic and Tertiary sedimentation. These were related to
the distal deposits of eastward-prograding rivers that
experienced rejuvenated drainage at different times. In the

intervening periods, carbonate deposition re-asserted itself with
pronounced dewveleopment of calcarecus oozes offshore. Accumulation
"of these terrigenous and pelégic sediments accompanied
progressive outbuilding of the continental margin. Kent (1974)
noted the interruptions in sedimentation offshore, represented by

major hiatuses in the Upper Cretaceous-Paleacene, Middle !
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Eocene-0ligocene, ipd Middle Miocene intervals. Most of these
r
gaps were related to periods of clastic starvation in the ocean

basin and the widespread erosional effects of strong cceanic

currents (Kent, 1982). The-periods of crustal stability, during

which erosion surfaces developed on land, were punctuated by
major Late Mesozoic and post—-Mesozoic epeirogenic uplifts
affecting the African continent (Band, 1978). Saggerson and

- Baker (1963) distinguished three cycles of erosion in eastern
Kenya, terminated respectively by the end-Cretaceocus, Miocene and
Pliocene phases of uplift. The Miocene deformation, which is

connected with the rise of the central Kenya dome and related

rift faulting, produced important effects: faulting and
downwarping of the coastal belt and a Late Miocene mar ine
invasion. The .Pliocene deformation enhanced fluviatile

deposition in the lower Tana Valley (Wright and Pix, 1967) and
in the Turkana basin. The deposition occurred 1in north-south-=
trending fault troughs, formed. contemporaneously with the
meridional rift 5;stem and resemble the older Karoo troughs.
Deformation continued 1into Duaterna;y time with the
building of Mt. Kenya and the Nyambeni range. These greatly
increased the catchment area ‘of the Tana Biver, ~causing it ta
dissect the Tertiary erosion surface and deposit large amaounts of
sediment along its course. At present, the river terminates in

a de)ta where it discharges into the Indian Ocean. North-east

current- and wave-generating monsoon winds, coinciding with the

-
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flood periods of the Ta;a, form large: dunes parallel to the
coastline.

The Plio—-Pleistocene downflexure and eustatic change in
sea level related to withdrawal of the Euragpean glaciers,
permitted a shallow—marine incursion associated with the
development of fringing reefs and lagoconal deposits. The effects
of these movements are evident around the.coast in modern coral
reefs, railsed beaches, and coastal bays. In the north-east, the
prevailing lagoonal conditions gave éise to algal stromgtulites

and gypsum deposits exposed at El Wak and Wajir.

SCOPE OF STUDY

Exploration for hfdrocarbons in Kenya has regained maomentum
in the last three years. Various international oil companies
have acquired exploration rights in four out of the ten
designated blocks wunder a new and recently established legal
framework. Interest by these firms has probably been aroused by
the possibility of discovering a new petroleum province. A
discovery in significant commercial quantities would, in the long
term, stand the national economy in extremely good stead. The
present drain on foreign exchange reserves 1is largely attributed
to a high dépendence on imported fuels.

0Of much more recent and growing concern, is the high rate
at which the population of Kenya 1is expanding. The total
population is projected to reach 35 million by the turn of the

century. Supporting such growth will impose very serious



1%

constraints on the economy . At  present, many ongoing,
government—-funded projects are motivated by the projected needs
of the expanded future population. The search for water,’

particularly in the remote and semi-arid parts of the north,

“

constitutes the highest priority. An understanding of
groundwater flow patterns, is fundamental to the success of
such a venture. Groundwater flow drives hydrocarbons to areas

of accumulation, a relationship that wunderlies the fact that the
search objectives of exploration for oil and groundwater have
commof elements. The objectives of this study therefore appear
to have much in comﬁan with the development straéegies of the
country at this level.

Past oil ana gas exploration was restricted to structural
features, most ‘of which were poorly defined. Traps of a
stratigraphic nature defined by lateral variation in litholaogy
and wedges of permeability, have received wery little attention.
This is to a large extent related to the sparse distribution of
wells and an inadequatelf mapped subsurface geology. Strata of
the Kenya part of the Mandéra—Lugh basin, for instance, have not
been penetrated by any deep test well. In thié study, subsurface
lithological information in the area is augmented by shallow
wells, drilled by various government institutions. AThis is an
apprcach that also serves to demonstrate the potentiaf for
effective da;a flow, and utilization amoné the different
government ministries routinely involved .in geological and

geological engineering investigations.
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Detailed descriptions of available cores were augmented by
observati;ns of exposed strata in north-east and southern Kenya
as the first sfages in reconstruction of the depositional history
of the Cretaceous~Tertiary succession. qurelation of descriptive
units between wells, through geophysical well-log ' analysis, and
recognition of dominant depositional trends, provided the format
for 1identifying and determining the spatial distribution of
strata with good reservoir quality. The strata associated with
possibie source rocks constitute locales of potential hydrocarbon
accumulation, where future prospecting endeavours may be
focussed.

Pursuit of the foregoing sub-objectives was constrained by
various limitations. Most notable was the inability to obtain
additional geophysical data for the region, especially seismic
cross—sections in the possession of the MNational 0il Corporation
of Kenya. Different suites of geophysical well logs exist for
all but the B.P. Shefl Nald No. 1, B.P. Shell Pandangua No. 1,
B.P. Shell Meri No. ! and B.P. Shell Eararani No. 1 wells. Cores
are only available from B.P. Shell Dodori No. 1, B.P. Shell Walu
No. 1, B.P. Shell Pate No. 1, B.P. Shell Kipini No. 1 and Cities
Maridadi Ne. 1B wells. Several sections of the cored intervals
were missing from‘ these wells, whereas others were in poor
condition.

Fieldwork in the Mandera-Lugh basin of north-east Kenvya,
presented a formidabie task. The high July temperatures,

scarcity of drinking water, dust storms, and the need for
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vigilance against attacks by marauding bandits, made outcrop

study difficult, particularly when shortage of time was an added

1

drawback imposed by financial limitations.



REGIONAL GEQLOGY

GENERAL REMARKS
The following chapter integrates existing information on
regional stratigraphy and structure for eastern Kenya and

ad jacent areas.

PHYSIOGRAPHY

A two-fold climatic and physiographic division is suggested

for the study area: the northern two-thirds is climatically
arid, whereas the southern coastal region has a hot and humid,
tropical climate. The two regilons are recegnized as separate

administrative provinces, the north-eastern and coast provinces
sebarated by a boundary drawn more or less parallel to the
south—east—%lowing Tana River. The, provinces exhibit major
contrasts in physiography.

The north-east region is an area of low relief, consisting
largely of extensive plains that are remnants of the
Middle-Miocene and Late Tertiary peneplains. The Cretaceous
Marehan Sandstone forms a series of - discontinous strike ridges
that rise above the plains as the Raiya, Borahara, Willeh, Bamba,
Gari, Danissa and 0Ogar Wein Hills (Ayers, 1952). Wind erosion
plays a considerable role in denudation, as characterized by the
castellated and pitted surfaces og the sandstones. The meagre
and sporadic rainfallt%ives rise to a general uniformity in the

vegetation. Perennial grasses are absent and the low thorn

L Wi
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bushes scattered throughout the area tend ta bg more prolific on
the sandstone and limestone outcrops (Ominde, 1968). The
northern limit is marked by the perennial Daua River, which rises
in the Ethiopian Highlands and runs parallel to the stfike of the
strata. Another prominent stream, the Lugh Suri,contains water
only in the rainy season and forms the bhoundary: between the Wajir
and Mandera administrative districts (Baker and Saggerson, 1958} .

The coastal plain forms the eastern margin of the so%th—east.
region. The sqaward edge of the plain consists .of Pleistocene
coral reefs, which give way to sand dunes standing‘at aboutréo m
in the Malindi area. West of the ‘coastal plain, the land rises
abruptly to form the Foot plateau at an elevation of &0 to 150 m
{Ojany, 1966). A further increase in elevation by 130 ;. gives
rise to the flat-—-topped Shimba Hills, which constiQute a
prominent topographic feature. The area is more densely
inhabited than the north-east and better served with roads and
tracks. Thick wvegetation, however, renders certaip parts
inaccessible. The scuth-east and the north-east differ markedly
from the western part of the country, which is dominated by the
central Rift Valley system and associated high mountain ranges.
STRATIGRAPHY

Thé .stratigraphic succession of the Late Mesozic and

Tertiary strata of eastern Kenya and correlative units in
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adjacent areas are shown in Table 3.

The ' Jurassic-Cretaceous boundary is wunconformable along the
entire East African coast. In the Lamu basin, the Lower
Cretaceous is represented on the surface by a 60 m thick unit,
the Upper Member of the Mtomkuu Formation, deposition of which
commenced in the uppermost Jurassic (Karanja, -1§BE). It is
dominantly shaly, and includes limestone and fine-grained
sandstone intervals. This unit 1is succeeded by the Freretown
Limestone, a &0 m thick succession of detrital and. partly
bioclastic limestones that extends into the Aptian (Nairn, 1978).

.

In coastal Somalia, the Lower Cretaceocus 1is represented by

coarse siliciclastic deposits of the Brava Formation, and
limestones in the Sinclair No. 1 0Obbia well (Beltrandi and
Pyre, 1973). During Late Cretaceous time, mud deposition

prevailed over the entire East and South-East African coasts.
The Upper Cretaceous rocks, for which a thickness of more than
2000 m is estimated (Kent, 1984), a;e not exposed in outcrop in
south—east Kenya. An  Albian-to-Cenomanian shale 1is, however,
reported from the Kenya ccast. Despite the regional
similarities of Cretaceous lithofacies on the East African
margin, differences in the stratigraphic position of local
intraformational unconformities have been observed (Nairn, 1978).

In Lhe Mandera-Lugh basin of north-east Kenya, the
Cretaceous 1is represented by the Marehan Series, which
unconformably overlies Jurassic strata (Joubert, 1937). Two

units are distinguished on a 1litholegical . and paleontoleogical
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basis: the Danissa .Beds, consisting of a siltstone-mudstone
sequence with thin limestone horizons; and the ;on—fossiliferous
Marehan Sandstone (Saggerson and MQller, 1957) . The total
thickness of the Danissa Beds is 115 m and it yields fossils

indicative of a Eariy Cretaceous age. The Marehan Sandstone

forms prominent north—east—trending escarpments in the western

part of the basin. The greatest thickness is in the north-east
2
corner, where an outcrop forms a cliff 145 m high' on the Raiya
- 3 - L]

Hills. Joubert (1957) compared these units with similar deposits
in Somalia and Ethiopia, and suggested that the Marehan Series is

confined to the interval between the Neocomian and Turonian.

The Cretaceous strata ‘of the Ogaden region of Somalia and

Ethiopia is characterised by highly variable facies; comprising

evaporites, reefoid carbonates and siliciclastics (Barnes,
197461} .
Sedimentation in north-west Kenya began 1in the Late

Cretaceous, following the inception of the Habaswein-Chalbi
Desert depression. The initial deposits are coarse clastics that
rest unconforéably en the basement. The term “"Turkana Grits™
(Murray-Hughes, i933) has been applied widely with reference to
the entire range of deposits, occurring between the Basement
System and the Miocene baséltic lavas. Savage and Nilliamsoﬁ
{(1978) made a distinction between the‘Upper Cretaceous sediments,
that form fining-upward fluvial cycles, and Lower Miocere
fluvio-lacustrine sediments, unconformably aoverlain by the lavas.

The Upper Cretaceous fluvial sediments are now referred to as the



27

Sgrra Iltoma Formation, the Lower Miocene fluvio-lacustrine
sediments as the Kajong Formation and the lava deposits as the
Loyengalani Formation respectively. The Pliocene strata
occurring east of Lake Turkana, are divided into the coarse

clastics of the Kubi Algi Formation and the much finer—-grained

Kubi Fora Formation (Bowen and Vondra, 1973). Both sequences
were deposited in a delta-lacustrine environment, and contain
interbeds of wvolcanic tuffs that constitute correlatable

stratigraphic markers.

Lower Tertiary strata are not exposed in south-east Kenya
but have been encountered at the subsurface in the B.P. Shell
Dodori No. 1 well. The Paleocene shales and mudstones are
estimated to be 730 m thick at Pate Island and change laterally
into silts and sgndstones in the B.P. Shell Dodori No. 1 well,‘
where the measured thickness is 975 m. These rocks thicken and
coarsen northwards inte Somalia (Kamen-Kaye, 1278) and re;:esent
the basal subsurface eguivalents of the Auradu fossiliferous
limestone that outcrops in the Negal Valley to the north
(Barnes, 1974). These rocks extend into the Lo:;r Eocene part of
the section and grade upwards inte the Karkar Limestones of Late

Eocene age. To the south in Tanzania shales dominate the

Paleocene through parts of the Lower Miocene subsurface sections

&) “with

X interruption by nummulitic limestones. The Paleccene in
Kenya s separated by; a disconformity from the. Lower Eocene
nummulitic limestones.  The Middle and Upper Eocene strata

comprise 2440 m of fine clastics and dense limestones that grade
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northward and eastward into argillaceous sandstaones, 'siltstonqs{)

and shales. Lower Eocene strata are also documented offshore at a
distance between 850 km and 1100 km from the coast near Lamu
{Scrutton et al. 1981). An early Miocene transgression deposited

carbonates along the entire East African continental margin. In

_—

coastal Kenya, the Baratumu Formation, a fossiliferous limestone,
’

is dated Agquitanian tc Burdigalian (Eames and Kent, 1955). —~ A

foramipiferal limestone, called the Fundi Isa Limestone

(willigms, 1962) and the Kipevu Beds (Walters and Linton,

1973), represent lateral equivalents of the Baratumu Formation-

et
in the north coast. In the subsurface the limestones are

dolemitic and anh?driéic and range in thickness from 400 to F00 m
at different localities. Kent (1282) highlights the trapping
effect of the Miocene deposits” along the coast, depriving the
ocean basin of terrigenous clastics. The Miocene carbonates
occur as far south as Dgr-es—-Salaam in Tanzania and as the

Somali Formation in north, coastal Somalia. The Marava Beds are

poorly cansolidated, coarse—-grained sandstones. that lie
unconformably on the Lower Miocene and begin at thg}base with
a pebble conglaomerate (Thompson, 1934). The rocks attain their
greatest thickness of 120 m in the Malindi area. The largely

unfossiliferous, unconsolidated, quartzose sandstones of the
Dar-es-Salaam embayment are probably related to these beds. The
deposits mark a change from shallow marine deposition to a
terrestrial depositional regime.

In the north-eastern domain, Tertiary strata occur at the
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surface as claystones {Thompson and Dodsan, 1960 and

unconseclidated ferruginous gravels (Joubert, 1960). These

consititute the Merti Beds, comprising lenticular beds of red and
grey semi-consolidated gravels, sands, silts and clays, and are
referable to Upper Pliocene post-uplift deposition. They are
overlain by Pleistocene limestone and gypsum ,deposits in the
El Wak and Wajir areas, and by Guaternary volcanics in the Garba

Tula area, east of the Turkana basin.

STRUCTURE
Basin Configuration and Evolution

The term Lamu embayment, used in description of a
grabenHIiEe sedimentary basin extending as far north as
north-west of MWajir and eastward into Somalia from the Kenya
coast, is a misnomer in the geological framework of the Cenozoic
sedimentary basins BT east Kenva. A progressive aécumulation of
geological and gegphysical data has led to the separation of two

major sedimentary depressions that evolved quite distinctly: the

Lamu basin or Tana syncline (Patrhﬁi\\1977) which is downthrown

against, the basement outcrop to the west, by a north-south
striking fault, and terminating in the north on the
Barissa-Hagarso-Walmerer basement ridge; and the Anza basin, or
Hat aswein syncline (Patrut, 1977), situated between this basement
ridce and the north-west-trending Lagh Bogal ‘fault, extending
eastwards into Somalia.

Tne Barissa-Hagarso-Walmerer ridge is a prominent structural

—
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feature emerging as Precambrian basement in the Bur Acaba uplift
of Somalia (Reeves et al., 19846) and in the offshore area near
latitude 2° S (Rabinowitz, 1971). Its development was most
pronouﬁéﬁd © during .end~Cretaceous epeirogenesis and was

-~

conquﬁdve with the inception of the Habaswein-Chalbi desert

depreésion (Saggerson and Baker, 19465), which extends beyond the
Turkana +egion to join the Abu Gabra rift of Sudan (Brown and
Fairhead, 1983). The north~westward continuity of the Anza basin

-

is fevered by the Matasade horst, separating it from the Turkana
depression.

. The third and most north-easterly onshore basin is the
Mandera-Lugh basin, representing a south-westerly extension of
the Tamalo syncline of Somalia (Beltrandi and Pyre, 19273) and the
Ogaden basin of Ethiopia. ‘It borders the basement along the
western margin while the eastern margin is defined by the fault-—
bound Hafura anticline (Joubert, 1950}, running approximately
parallel to the Ken&a—Somalia border. . This structure continues

rnorth eastward into Somalla as the Sengif anticline, where the

folding is most intense.

The Lamu basin is a rift basin that began its development
in Late Carbonifgrous time, at the onset ;f continental
fragmentation. A sequence of up to 10,000 m (Kent, 1974) of
fluvio-continental clastics, were depaosited on a deformed
crystalline basement, until the Jurassic period. The separation
of Madagascar along a strike-slip transverse fault, was

accompanied by the ecstablishment of open marine conditions
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allowing carbonate reefal deposiés and evapnrités to accumulate.
Faulting along the Tana River hinge line in Jurassic time was
also responsible for the separation of near—-surface
Carboniferoué—to—Triaésic strata in the west, from the Lower

Jurassic to Tertiary sediments d@posited in the east. The
prolongation of sedimentation inte the offshore area has been
recognized on seismic profile (Francis et al. 19646). The eastern
limit of the Lamu basin, is said to coincide with the
continental—-oceanic crust boundary marked gy a basement ridge
some 300 km from the coastline (Scrutton et al. 19B8B1). A ridge
extending fram north of Pemba Islandfégh;ghut 4° S (Rabinowitz,
1271) bisécts the sedimentary infilll on the continental slope
into two separate depositiahal troughg?’ The basin became a

< . ¥+
passive margin or intermediate stable coastal type (Klemme, 12B0)

14
from Early Mesczoic time as wedges of clastic sediments attained
'a thickness of about BOOO m (Kent, 1974) throughout the Late

Cretacepus and Tertiary epeirogenic movements.

The Anza graben is a cratonic rift basin, the initiation
of which is related to Cretaceous rifﬁing asspciated with the
opening of the Indian Ocean (Flores, 1984) . It is defined by a

gravity anomaly 130 km wide that runs over a strike length of
300 km, (Reeves et al. 19B6). Late Mesozoic deposits outcrop
from beneath basaltic lava flows in its north-western extremity,
while in the south-east they dip under Tertiary fluvial and
lagoona! deposits. The deepest part of the basin is located in

the north-east, where the strata are downthrown against the Lagh

-y
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Bogal fault. The basin contains an estimated sediment thickness
of 3100 m.

The Mandera-Lugh basin is also of the cratonic rift type
(Klemme,. 1975), hinging o©on basement culminations to the
~south-east and south-west. The lowest sedimentary unit of the
basin is the Mansa Guda Formation (Nairn, 1978), 630 m of
sandstones and conglomerates with bituminous intervals, resting

unconformably on the crystalline baéement. It is correlated with
the Triassic fluviatile éédiments of the Lamu basin, an
observation that infers a linkage at some‘period in the Early
Mesozoic Era. The marine invasion associated with carbonate and
evaporite deposition occurred in these exten§ive depositional
t}ough in the Middle Jurassic, by which time 3000 to 4000 m of
sediments had accumulated.. Stratigraphic equivalents of the
Toarcian neritic carbonates have been encountered as far north as
Arabia (Kant, 1974). The end-Cretaceous phase of tectonism
ushered a new phase of deposition accompanied by development of
the Anza basin.

The offshore basin of Kenya coﬁstitutes a southern section

of the Western Somalia basin, the growth of which is linked with

the evolution of the south-western Indian 0Ocean. . The Triassic
rifting episode that split East Gondwanaland from West
Gondwanaland (Dietz and Holden, 1%270), probably caused a minor

east-west separation of Madagascar from the East.African coast.
The seafloor-spreading phase commenced in the . Jurassic and ended

in the ' Late Cretaceous when the Somali basin became fully
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established as a true oceanic basin (Le Pichon and Heirtzler,
19687, Madagascar had moved south-eastwards over a distance
estimated to be 1800 km (Reeves et al. 198&) by Early
Cretaceous t?ﬁe. Geophysical and drilling data have confirmed
the existence of Middle Jurassic and Lower Eocene strata

(Schlich, 1974) underlying oceanic basement from the

»

continent-ocean boundary to some 850 km offshore (Bunce et al.
1967} . The more easterly sedimentary depasits underlie heavily
faulted oceanic basement and terminate against the Dhow fracture
which hindered substantial sedimenf prpgradation farther‘east.
Kent (1§§§Tﬁwzommented on the remarkable congruity in tectonic
regime between the onshore and offshore area. Vertical movements
_in the deep offshore were not as pronounced as those onshore.

The variations in deposition were to a large extent the result of

extrabasinal controls.

Rift Features

Global studies of failed and passive continental rifts, have
revealéd general similarities in a variety of features, mainly
related to closely comparable modes of origin. Most notable is
the similarity between the rift basins on the continental margin
of Kenya and further inland with those on the eastern coast of
Noerth America. Burke (19065 related their origin to the
rupturirg of continental lithospheric plates as a precursar to
the develppment of major oceans. The associated normal faulting

giving rise to grabens, developed at sites of upwardly



