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FOREWORD

My reasons for writing,and pub1ishing this stﬁdy are,
first, that much of the data now avaiiable might be lost 1if
not recorded, in progress of time; secondly, that I hope to
contribute to the general knowledge of water resources in the
Shebeli Valley, in view of a more effective approach to the

vater research programme included in the First Five Year Pimn.

Obviously, if the Ministry of Public Works, with which
I have been associated for the last Ffive years, had been ade- .
quately staffed, i.e. with a geophysicist, an analyst, a
draftsman and other qualified personnei, a far greater amount

of data would have been collected, and it would have been pos—

' sible, inter alia, to obtain information on the contacts be~

tween fresh and saltywater, seasonal variations of salinity

and level of water in the wélls; etc. This would also have

permitted to acquire a full knowledge of the hydrogeological
: chafactéristics présented by the alluvial, deposits in the She-

" beli Valley, which will be discussed in this paper.

This study is divided into three pafts. -Part I deals
_briéfly with the characteristics of theShebeli river as well
as with the hydraulic works already completed or recommended
to dispose of excess water,which is often damaging to agricul-

tural crops. This first part is actually an introduction to

Part 'II, vhich in turn deals with the water supplies of the

huge alluvial deposits accumulated in the valley during the
Pliocene and the Quaternary. The reader who is interested in

more detailed information on the hydrological characteristics

~of this important and interesting river is referred to the

'bibliography listing the many authors who have written on

'_‘




this subject at greater length. Part III is an appendix con-
taihing all the data so far available on the wells and infor-

mation on water surveys conducted in the Shebeli Valley.

Although, as mentioned earlief, such information is fre-
quently not cohplete,-it may be used to advantage, in the fu-
ture, in compiling aﬁ economically profitable programme for
.the utilization of surface and ground water resources exist-

" ing in this important area.
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PART - I

A BRIEF SURVEY OF THE HYDROLOGY OF THE SHEBELI RIVER

The Shebeli, one of the major rivers in East Africa,

‘rises in a large catchment basin, extending, in its upper

part, as far as the southern boundary of the Harar Plateau

in Ethiopia (see map No.1).

The river traverses Somalia heading approximately in

a NS direction, until, some 40 m away from Mogadiscio, its

course is diverted southwestwards by a line of coastal dunes,

vhich prevent its outflow into the sea. Its tributaries in

~.Soma1ia are few and short:vthey all discharge into the Shebe-

1i a short distance away from the Ethiopian border. ,These
streams contribute little water to the Shebeli, owing to the
scarcity of rainfall (200-250 mm per year approximately) in

their'respective catchment areas. Therefore the reglme and

. the flow of the river are ma1n1y condltloned by the amount of

rainfall drained in its extensive Eth10p1an ba51n. Some mea-
surements taken at Mahaddei Uen would shov a flow of 600
million cu.m per year, from a peak of 150-160 in Aprll-May to
a few cu.m/éec, or altogether nil, 1n-February-March.- This
is an evident indication of the tqrrential nature of the She-
beli. As the volume of flow decreases in SOEali territory, .
the river channel grows narrower and eventually spreads into
a number of anastomosing channels, cau31ng the formation of
exten51ve marshes. In fact the rlverbed, which is 65 m wide
at Belet Uen,and could accept a flow of 300 cu.m/sec in the

flocd seasom, is reduced to a width of 22 m at Hawai and its
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capacity is of only 43 cu.m/sec.

The very large accumulation of silt and sand which the
river deposits anmually, owing to the absence of a natural
outlet into -the sea, have caused the aggradation of the river-
'bed, which is, in places, higher than the surrounding allu-
vial plain. Besides, the limited capacity of theiriverbed,-
‘which cannot contain ali of the water flowing down in peak
flood periods, has favoured the formation of minor channels:
these tend‘to divert water from the river towards lateral -

 depiessions_which are entirely submergéd By flood water for
'thousands,o£ hectares. The water overflowing in the middle
:éaches of the river causes minor damages,.and at_times'is
actually beneficial, for it tiansports fertile mud which pro;
vides a gdod cover for the cultivabie land. Owing to évapo-;
_ration (estimated at 6-7 mm per day) and infiltration, the
soil dries up in a few monthS'ahd is ready for tillagé aﬁd'.
'sowing. On the other hand, salts and fine clay particlés
are deposited in the terminal marshy area; here the soil be-
comes harder, impervious, salt-laden and is no longer suit- |
able for certain kinds of crops. The vélocity oflflow in
the terminal portion of the river is at the minimum. Gatti
reporté that "...a distance of 30 kmbbetween Mocoi Shelele
and Billich Durre was covered in 20 days (16 December - 4
January 1956); in other words, the vater was flowing in the

riverbed at the rate of»1% km in 24 hours."

The conclusion reached by almost all the authors in
their_hydrolqgical reports on the Shebeli river is that this

l vatgrcourse, in the past discharged into the Juba, the most

- e .



- 5=

jmportant river in Somalia,'wiﬁxan average flow of 5250 mil-
iion cu.m per yeai; that ‘it was subsequently separated from
it, owing'to,thesilting up of its bed, and gave rise to
marshes which kept gradually advancing inland. The marshes
grov in extension at a fairly rapid rate: in fact; compara-
tively recent récords show that the lengfh of the river has
decreased by several kilometres. Areas formerly grown to
bananas and quite flourishing a few decades ago, are now
_furned into unhealthy marshy land}'a good number of farmers
wvho subsisted on their agricultural actinities were forced

* to abandon the land due to the invasion of water.

. The Flood Disaster of November-December 1961

"The exceptional floods of November-Decembe 1961 con-
firm the assumption that the Shebeli and the Juba original-
.1y mingled their waters and ran together to the sea. On

that occasion, owing to the heavy and persistent rain in

Ethiopia and Somalia, the water overflowing from the Shebeli

reached the Juba. On 27 November 1961 the "Corriere della

Somalia" wrote: "The Shebeli has merged its waters with

- those of the Juba at Lake Haranago, some 25 km west of Gelib.

- Our information is that the £1o0d water has attained the

following villages, all situated on the left bank of the
river: Bulo Omar Mussa, Homboi, Bulo Alio, Gudo, Bulo Daar,
Bulo Here, Bulo Tukleh, Bilik Omano andeulo Amino." Again,
on 7 December 1961, the same newspaper informed: "Although
the rain has stopped, the situation ié very serious and ét

- times alarming in the Lower Juba Region. Following its o1d

buried bed, south of Hawai, the Shebeli has joined the Juba
[} .

o s
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in the proximity of Ghinis  farm, near-Bulo Naghib village;
the water is dangera@sly turbulént where the_t.b rivers

meet , and there is danger of erdsion, landslides and over-
_flowing in other places also." Two days later, the neﬁspaper,
in an article on the evacuation of the Isle of Alexandra,
carried the following news: "nformation from Kisimayu is that
gs a result of the me}ging of Shebeli and Juba, the following
villages have been'flooded: N'gamboh Mofff{ Bulo Jak, Bulo Ma-
sciaga, Migﬁa, Bulo Dumbilo, Sciagola, Faffule and Magalangd.
The farms situated near these villages have also been inun-
.dated,‘despite the effofts.of the‘local’populatibnl éspecial-
ly at N'gambo, to stop the advancing water. fAffér flooding
the farms, the water seems to be flowing in the direction of
the national road...". The excéptionally_high flood caused
~fthé,inundat;on of almost all the areas adjoining the river - .
practically from the entry of theﬂriver_into Somali territory
up to and bejond_the District of Gelib. At timés, as in the
area comprised between Mahaddei and Jowhar (formerly called
villabruzzi) on the left bank of t§e~river, the water reached

the foot of the coastal dunes and formed‘30440 km wide marshes.

The damages were enormous. The population was driven
awvay from the villages and had to abandon all their posses—
sions. '

Heavy losses, in terms of human lives and cattle, due to

disease or drowning, were also registered.

The cause of this disaster is to be found not only in

theheavy raim® falling in Ethiopia, but. is also due to the ex-
. . g :




ceptional amount of rainfall in Somélia in the September-
November period. Land submer510n was further favoured by the
" gcarce permeability of the surface cover of alluv1a1 clay,
wvhich facilitated stagnation of water and the forma ticn of
marshes. The marshes extended by the effect of additional

rainfall and renewed overflowing of the river.

The exceptional character of rainfall in 1961 is shown
by the recordlngs made at the pluv1ometr1c statlon in the

Shebeli Valley

Average . :
. up to 1959 1960 _ 1961

Belet Uen = 204.0 mm v ,208. 7 mm @ 467.3 mm
Bulo Burti = 329.1 " - 337.0 " - 429.6 "
Villabruzzi = 502.4 " 498.3 ~ 630.0 ¢
Hanle Uen = 565.2 " : 582.5 " ~ 880.6 "
Balad’ = 463.2 " .588.4 959.8 "
Mogadiscio = 400.9 " . 402.8 " 1144 7 "

Genale = 447.1 " - 621.1 " - 1347.0 v

Turbidity and Salinity

No careful and systematic study has yet been made on
the turbidity and salt content of thé Shebeli rivef;.
All the same, it is well known that its waters carry con-
siderablequantities of silt and salts. In his book "La |
Valle dell'Uebi Scebeli“, Conforti reports: "The aggradation
of the river is chiefly due to the large quantities of mate-
rials transported in its water durlng £1 00d seasons; in
fact, it has been observed that silt- content in the gu sea-
son is ‘as much as 10%, and sometimes even more; this percen-
tage is reduced to 2-7% during the months in which the river

"Plow is at a fmedium level and in the second flood period;
. : '
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it‘then falls even lower when the water decreases to a lower
jevel."” Personally, I have inspected the area several times

and have collected samples'of water, which I then analyzed

for specific conductivi;y. I haye thus formed the opinion

_ that ti€_§E§ZE£§;§;; given by thé above meﬁtioned author are
somewhaf exaggerated.' In any case, only'a’periodic and sys-
‘temafic analysis of the.river water over a number ofiYears.;

| yill*pgrmit to determine its average turbidity.In_order to
attempt a rouéh evaluation of the magnitude'of thié'phenome-
non, let us assume that the quantity of solids transported is
equal to 1% (the real percentage is undoubtedly higher); then,
on the basis of a flow measurement_taken at Mahaddei_Uen, ve -
vould find that the average flow in the period 1918-1933 is
1,600,QOQ&§:.m per year; or 50 cu.m/sec. In other words, the
river transports 30 cu.m of silt per minute, or 15,760,000

cu.m in a year, depositing them in the low-lying areas beyond 

-Mahaddei and in the terminal marshes.

The data concerning salinity is also far from encourag;
ing. lThe data obtained from SAIS, based on the averages o
several years, would show that the yearly average of total
solids per 100 litres is 71.57 Q, 13.36 of which consist of.
" sodium chloride. On the basis of the Mahaddei measurement
(1,500,009,\
tal solids carried by the river amount to 1,145,120tons, in-
cluding 213,760 tons of sodium‘cﬁloride. This salt poisons
the soil in the depressions and in the marshy areas. These
data, however summary, explains the phenomenoh of aggradation

q
and th gradual expansion of the marshes, which causes the

o?@ . .
‘Eu.m of flow) we would find that in a year the toe"
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river to become gradually shdrter.: This means that the now
frourishing agricultural area of Genale will soon be doomed, "

gnless proper and timely action is taken to protect it.

Some Values of Spec1f1c Conductivity of the Shebel:L
' (in Microhm-./cm)

1600 (29.1.57)

pelet Uen 230 (28.8.60) Balad
" " 400 (9.10.61) " 1350 (28.2.62)
Bulo Burti 900 (23.1.60) " 1400 (3.3.60)

" " 1850 (1.4.57)
450 (24.6.60)
750 (12.6.61)

1050 (5.11.60)
1600 (29.1.57)
1350 (9.1.58)

1020 (20.2,61)
1000 (19.4.62)
520 (27.7.61)
350 (15.8.60)
510 (2.8.57)
700 (25.11.69)
710 (5.12.58)
1000 (16.12.59)
820 (22.4.61)
820 (22.6.61)

1600 (3.3.60)  m
690 (1.4.57) o
400 (9.10.61) "
350 (28.8.60) "
420 (1.8.61) Afgoi
850 (23.1.60) K

1500 (5.11.60) L.

Jowvhar (former ' "
Villabruzzi) 1650 (20.3.62) "

| - 450 (24.6.60) "
800 (5.7.61) "
370 (9.10.61) "
445 (1.8.61) "

1500 (5.11.60) L

Genale

" " (.
wo.nm

" n

" " .

~ Mzhaddei Uen

wonowon o
I O N T O T O T I B

Salt content is highest in low water periods: salt, in
fact, concentrates as a result of evaporation.
The average flow, calculated on the basis of measure-

ments taken at Mahaddei Uen over a period of 11 years, is as

follows:

“March 9 June 65 . September 86 December 48

TR

cu.m/sfc "~ cu.m/sec cu.m/sec
January - T EZI April TTTET——— July 41-- October 86°
_February 11 ' May 71 August 58 November 78
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Utilization of Excess Flood Water of the Shebeli

Natural conditions in Somalia are not favourable to the
construction of impounding dams for the control of river flow.
Before World War II, the Mustail area, which Somalia is now
claiming back from Ethiopia, had been considered suitable for

such river engineering works.

Also in the past the powerful floods which périodicaliy
inundated the farmland irrigated by the Buropean methods in
the GenaleLGoluin district, the ihvasion of marshes and the
barrenness of the soil due to silt and sand depositing at the
tail end of the river were acause of serious concern. Several
research teams conducted surveys designed to provide a solu-
tion to all these problems. Particulariy worthy of note are the

findings of the following scientists: T. Zammarano (1921-22;

see his report "Esplorazione del Basso Uebi Scebeli"); Ansaldi

- (1929; Ansaldi-Grotti Project); Zaccarini-Tedeschi (1930);
Gatti-Lucidi (1955-56); Tozzi-Conforti-(1955); Favilla (1958-60).

The most recent studies all agree that the only solution is to

construct canals which would convey excess flood water to na-

tural depressions: these could be utilized to store the water

for the stock or to put new 1land under irrigation.

Actually, the river engineering works in the middle and lower

reaéﬂés of the Shebeli were constructed with the intention to

create flood irrigation canals, to be used only during peak

flood seasons (May-June and October-November), when the water

. would attain and exceed the hydrometric level of the intakes.

Aﬁonguthe major works completed by the Public Works De-

. partment in these last years, we should mention the foilowing:



The Shebeli at Balad

.;':t‘;

&
Fidda Gudut well — 78 Km from Mogadiscio on road to Merca - A typical aspect of
. the alluvial plain of the Shebeli. '




r

(2,200 X 2000

AN EXAMPLE OF SHEBELI FLOODWATER

UTILIZATION

Belet Uen—~ 2000 hectores of lond ore flooded
twice 0 year by meons of o feeder with siuice
gote. The woter inundotes the depression only
when the hydrometer meosures 3m. ot Belet Uen. °

The copocity of the impounding bosin hos been

estimoted ot 15-20 million cu.m. After the fiood

period, the doasin is emptied by meons of the
gischorging conol ond is utilized for seasonol
crops { Moy - September ono Novembder — Morch).
The cost of these works, constructed in 1959,
wos. So. Sh. 600,000. Other works of

the some type could de constructed on the
Shebdeli river. ’
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main canals and feeders, conveying water from the river
to the irrigable areas;

cement works w1th adjustable sluice gates;

rehabilitation of natural channels, for a total 1ength
of 35 km; :

COnsolidation of river embankments;

construction of two dams cons1st1ng of relnfarced con-
crete blocks;

opening up of new tracks.

‘These works have resulted in the agricultural transfor-

mation of several thousand hectares of land.

However, a final solutibn has_not yet been-reached;
There are other areas, lying slightly below’the'level'of the
river, which exteﬁd for several thousand hectares: their very
fertile soil could absorb part of the excess flood water and
could be profitably grown:to flood-irrigated crops, such as
gaizel'sbrghum,'cotton, groundnuts; another possibility would

be to create in this area reservoirs providing water for the

stock. Leaving aside the more or less prcnounced depressions

- found in the area extending from the Ethiopian border to Belet

Uen and Bulo Burti, which are, on the whole, of considerable
importance, there are, nevertheless, other zones which would

benefit greatly from agricultural reclamation works involving

the utilization of water from the Shebeli. They are, in the

order in which they are encountered following the course of

the river, as follows. (see map No.2):

1) Bulo Burti-Mahaddei Uen-.

Burdere-Gi%}lalassi depression, on both sides of the river;

- .Manomr depression (123 km from Mogadiscio, on the Mogadiscio-

-~ -




Zone of Gololei — 55 Km from Mogadiscio on the road to Jowar - overflooded by the
' Shebeli annually during peak flood. '

The Shebeli between Jowhar and Balad and canal feeding a depression
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gulo Burti road on the right side. In the latter zone, if ap-

”'—i. . . . . . -
roprlate'lntake works and canals were provided, extensive

P
‘t?ags of 1land, including Mabilen and Dafet, could be fldod-ir-

In fact, an old bed of the Shebeli, which travér‘ses

/—f
Pp—— j . .
Adalei between Lamma Donca and Uer Mahan and runs into the

é———f > . ’ ) 3 ’ »
marshes WSW of Coriole, forms a very long depression: it

G—— .
yould be interesting to ascertain whether it could be used to

p—

divert part of the water flowing into the Shebeli during peak

E;ods. If such a project should prove feasible, it would

offer the dual advantage of preventing overflow in the Genale-

: .Gjluin-Bulo Mererta district and of improvirig this floodable

tract of land.

ga——

. 2) Mahaddei Uen-Balad area »
It is a broad belt of land extending S of Mahaddei, and at

a short distance from it, as far as the outskirts of Jowhar,

on the left bank of the river. It lies lower than the flood
“level of the Shebeli and is submerged annually. . When the riv'er.
flov rises exceptionally high, the overfiowing v'la.te_x" covers '
approximately 700 to 800 sq.km of land, as far as the foot ch

the dunes in the Uar Dagah area (_some 30 km away from the
river). ‘

Bn the right bank: a) the area comprising 'the-villages

of Mandere and Balade, which may be inundated each year for

2 few kilometres both along and transversely to the river; -

b) the area comprising the villages of Moccoidere and Mererei,

'u_pstream from Balad: the water overflowing annually may inun-

'_.dite a long strig of land a few kilometres wide, exceptionally

&xtendiing beyond Gululei villge, in the direction of Jowhar.
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3) Ba: Balad-Afgo:. area | e
In thls tract the banks of the rlver are higner than the
f100d level of rlver flow and there is no overfl ow; in fact,
the banana plantations at Afgoi must be 1rr19ated by me»ans of
meing stations. ‘ | R

-4) Afgoi-Audegle-Coriole

Beyond Afgoi the land bordering the; river falls to a lower
1jevel and is therefore flooded each_-;year; this permits the
; gfpwth of flood-irrigated cropé at an intensive ra't.e in the
flrst tract; but after. Audegle we come to the agricultural
dlstrlct of Genale, where englneerlng works allow water to
be rationally distributed by means of irrigation canals. _Iri
practlce, from Audegle on the bed of the river is 1nadequate ‘,
.to contain the volume of water flo\nng down dunng the flood ‘
seasons, therefore, e'ach year a large area is inundated, with !

very serious damage to the crops. This situation remains

n - PP

'ﬁnchanged as far as and b’eyond Coriole, where the marshes

originate.

5) Coriole-Ido Gudo-Avai area.

- Here the river forms marshes and effluents in the direction
" of the surrounding plain, which is inundated for a width of
several kilometres. Due to the presence of the many effluents,

the course of the river is no longer clearly defined.

- 6) Avai-Ballei Ier area

In this last tréct, the above mehtioned peculiarities are
'enhar'lced‘, and the river loses its distinct physiognomy alto-
gether; in 'fa%t, it forms a network of minor effluents and
1dep;~essions, which are subject to inundation during the flood‘s,

S0 that also in this area the marshes are quite extensive.

—
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The characteristics of the tracts of the river described
above are not new to us; in fact, they have already been the
opject of study in the past, and have been mentioned here as
an jllustration of the maps annexed to this report; this
map has Dbeen drawn up on the basis of a pho.togeoiogical
study which evidences and permits us to determine "thé alluvial
areas subject to inundation; these could be studied in future ‘
for the purpose of controlling river flow by means of diver—
sions leading flood water to the depressed ‘areas and by meaﬁs.
of agz'.*icu'ltural ‘reclamation works, in the sense that dry farm-
»iﬁg areas could be converted to irrigated crops. ‘There would
pe the added benefit of decreasing the danger of overflow,
v‘,hich is very prejudicial to ratiomnally .irrigated Ccrops.

Other benefits deriving from such a scheine_would be: the trans-
formation of bushland into .agriculltural' land; the availabil-
ify of abundant water éupplies'for the stock in areas kremoved'
from the river; the settlement of nomadic and semi—nornadic
populations in the reclaimed areas. This would ultimately

cause an increase in the national income.

The Need for a National Hydrological Service .

Our earlier conclusions are based on the forecast of
vhat would happen as the result of a river training scheme for

a more profitable utilization of the water of the Shebeli.

There is no need to stress the enormous importance of
the two rivers of Somalia for the national economy. It is
~ therefore necsssary to establish as soon as possible an effi-
cieqt national hydrological service with the task of planning



- 15 =

and undertaking the works required for utilizing mainly the
vaters of the Juba and the Shebeli. The experts participat-
ijng in the FAO-assisted project of agricultural feclamation ;
in the inter-riverine area arebnow planning the.qrganizational
structure of such a service. It is, however, necessary that
timely action is taken by selecting a well-trained and qua-
1ified person to bée put in charge of the service. Minimum staff
requirements are: ‘

(i) a hydraulic engineer (as Head of the Service), who
would plan and conduct mapping surveys, construc-
tion of intakes and diversions, canals, processing
of data, etc.;

(ii) two land surveyors to map the inundable areas, super-
vise the construction of the canal network, repairs,
desilting, embankments; they would also act as ins-
pectors of the water gauging stations;

(iii) a draftsman;

(iv) supporting personnel (mechanics, tractor operators,
drivers, etc.); :

(v) river guards, to prevent illegal breaching of em-
bankments, inspect canals and notify any stoppage
or leakage of flow. :
The service should obv1ously be organlzed on a permanent
basls, with the following taskS‘
1) to provide and complete works for the utlllzatlon of excess
flood water;
2) to provide for maintenance;

3) to allot water supplies to farmers for irrigation purpcses
in the different seasons;

‘4) to make studies on evaporatlon and infiltration;

5) to constmact small earth or masonry dams elsewhere in the
terrltory
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For the more important and complicated projects the ser-

vices of consulting engineers should be obtained.

It is felt that, if the service is provided with suffi-

cient means to tackle and solve the various problems connected

with water resources in Somalia, the whole country will derive

great and unexpected economic benefits.
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PART 1II

THE ALLUVIAL DEPOSITS OF THE UEBI SHEBELI VALLEY ;;»
AND ITS LARGE GROUNDWATER POTENTIALITIES I

After bfiefly reviewing, in Part I, the characteristics
of the Shebeli and its development prospects, if is now pro-
.posed to consider, in some of its aspécts, the hydrogeological
structure of the extensive alluvial deposits which were accumu-

jated in the river valley.

The information on the'subject is very abundant, thanks
‘to the remarkable contributions made by C.I.S.A. and Sinclair
Somal'Company; whigﬁ carried out researches in the Afgoi, Genale
and Coriole districts _; this makes it possible to predict
with good approximation the depth of the aquifers and the

quality of the water occurring in the different alluvial

zones.

1. Geological Formations in the Shebeli Valléy

The Cretaceous rocks outcropping on both sides of the
Shebeli valley are the oldest geological formaticus. They can

be divided into four series, which present a scarcely notice-

able SE dip. Small localized foldings and moderate faults

have been observed in the Belet Uen area; in all 6ther areas,

the series run generally sub-horizontally with a gentle slope

vestward, and do not appear disturbed.

a) Mustail Series - Barremian-"Cenomanian

It oufcrops alongside a belt of land as the river en-
ters Somali territory, particularly on the right bank of the

: a
biver,‘gp to and beyond Bulo Burti. This series is formed by
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fossilifefous limestone, mostly consisting of Rudistes, marls
and marly limestone; after Bulo Burti, it is hidden by strata
of limestone-gypsum caliche and alluvium transported by the

river. In all likelihood, this formation undergoes a change

~ of facies as one proceeds from north to south, with an in-

crease of marl and clay. Information on the quality of the _
yater occurring in this series is scarée;'the.only-wells are
at Bur Uen and El1 Bilal (see Part III;‘Nos.19 and 22) and the
yater at these two locations shows marked salinity. This
does not exclude however, that better quality water may be

found elsewhere in the same series. The water table gener-

fally lies at a comparativedy modest depth, usually not exceed-

ing 50 m.

b) Fer Fer Series - Cenomanian

It consists mainly of limestone and marly clay, 1n—v

_terbedded w1t.1ayers of gypsum. It outcrops in a belt of

land on the left bank of the river, i.e. from Fer Fer half-
vay to the road and'from_BeletvUen to Bulo Burti; it then
thins out, probably due to a change of facies; and tends to

disappearunder river alluv1um._ The quality of the water

- found in this formation is poor and at t1mes definitely unac-

ceptable, such as the watersupplied by the well bored at 300
km on the road to Belet Uen (see Part III, No.9) and by a well

at Fer Fer (see Part III, No.1): in both cases the water has

a high degree of salinity.

c) Belet Uen Series - Cenomanian

It consists mainly of fossiliferous sandy limestone,

grayish-blackish thin-bedded clay alternating with sandstone
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The Cretaceous hills of the Belet Uen Series - between Belet Ueﬁ and Bulo Burti - left
bank of the river ‘ .

L
Kili Ara — one of the largest tributaries of the Shebeli - The hand-dug well taps water

from the sands of its alluvial bed.
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Vstratao A considerable percentage of sand is to be found in
the area NE of Belet Uen. This formation outcrops along a
continuous belt on the left side of the river, up to Bulo
purti; thereafter, it disappears under alluvial formationms.
The water from the wells at serghedit and Avorei (Part III,

No.13) shows considerable salt cbntent;

d) Jessoma Series - Turonian?

It overlies the preceding series and forms an eScarp—

meht,consisting essentially of rust-coloured quartz sandstone.

Here originate a few streams which, after cutting into the pfe
" ceding series, flow into thé_Shebeli river. Below the escarp-
‘ment, this series consists essentially of a thick bed of sili-
ceous sand with intércalations of varicoloured clay and calca-
reous sandstone strata. The quality of the water occurring in .
these deposits is mbstly good, or excellent, as for instance

"at Mataban and Jessoma.

All of the above series are the 6n1y ones outcropping in
the Shebeli valley. Their thickness is comparatively modest;
according to estimates. the Mustail series is ndt more than
80 m taick; tke same goes for the Fer Fer series; the Belet
Uen series may reach, in places, a. thickness of 3CO0 m, where-
as the Jessoma series may even reach 500 m. These data refers,
of course, to outcrops along the Shebeli valley, which forms
the line of demarcation of the Cretaceous basin; as a matter
of fact, at Obbia the Sinclair Company had to drill thrcough a

few thousand metres of Cretaceous formations.
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d) Continental Deposits of the Lower Tertiary-.
Quaternary

(1) "Caliche"
-Arenaceous 11mestone, w1th frequent nodules, clayey

or marly, compact, of a whitish or brownish colour, at times
containing continental fossils. These calcareous materials
form a surface crust, a few metres thick, which dverlies Ju-
rassic and Cretaceous formations extendlng in a long strip
NE of Uanle Uen. The wells at Ologof, Olobiole and Uambatti
vere bored through this l;mestone. Also the gyp31£erous

mafly crusts extending between the limestone and recent
. clayey alluvial deposits of the Shebeli are to be considered

as "caliche" as far as their origin is concerned, for the na-
ture of the underlylng formatlon is completely different.

These crusts cover completely the underlying formations.
Grourdwater is very close to the sufface: all the numerous

" wells sunk in the arenaceous limestone and in gypsum or gypsi-

ferous marl strike abundant water at a depth of a few metres.
It is quite probable that'this cover formed after the water-
table had risen to a level higher than the present one; in
all likelihood, this happened simultaneously with, or imme-
diately after, the Pluvial period. The original rock, the
surface of which was weathered, was cemented again by salt-
laden solutions, which had found their way to the surface.
The quality of the water may vary frem rather good to good
in the wells sunk in arenaceous limestone, and from poor to

very poor in the wells sunk into gypsiferous marls.

(ii) Eluvial Quartz Sand
Thls sand was formed as a result of the alteration of

T T T : — e
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;ne crystalline basement, and particularly of the granite
rocks in the "Bur Region". Because of their presence, there
j5 no clearly defined contact between. c;'ystalli_ne rocksv and
river alluvium. Clayey alluvium is gradually replaced by
c0aTse quartz sand, often interbedded with reddish clayey
sand and a sandy laterite formation, the sand of which must
pe, partly, of aeolian origin. The 'tl?ickness of these sandy
strata varies from place to place. In areas where they come
jn almost close contact with the clayey alluvium deposited
vy the river, they may even be some 10 m thick. Rainwater
percolates through this sand and recharges both ‘the deep-
lying strata resulting from the disgregation of the crystal-

1ine formations and the aquifer in the pebbly and sandy de-

I posits accumulated by the river.

(iii) Coastal Sand Deposits

This formation prevents the river from draining its

i

|

vaters into the sea. It runs on the left bank of the river
in the lower part of the valley. The origin of this huge
sandy deposit « which, according to the electrolog of Merca

vell No.1, is estimated to be some 450 m thick =" is partly
due to aeolian sand and shore deposits. In the strips of

land bordering the river it consists of fine-grained quartz

material, often loose, or in any case insufficiently cemented,

and of small sparse calcareous concretions. Grain size is
shown by the graph on next page, based on samples of the

aquiferous sand found at a depth of 55 to 125 m.in the well
bored at Rahole village, at 50 km onf the road from Mogadiscio

to Merca. ] S s

!

e—— .
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Granulometric. Profile of Well drilled at Rahole village -
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L popography and Drainage

»Thé rivér meanders all the way from:the Somali border
ro its tail end, due to its scarce gradient. In fact, after
its entry into Somali territory the river travels a little
mwr 1000 im, but the total difference in level over this dis-
tance is of only 160 m. (More.detalled studies on the subject
are béing_ ‘con.ducted- by the UNIFAO Agricultural and Water Sur-
Wy3Project.).Thi$ explains the formation of the extensive

'uluvial”deposits.

As concerns topography and dralnage, the Shebe11 valley -
cm1be divided into two zones:
a) from the Ethloplan border to Bulo Burti;
p) from Bulo Burti to the tail-end marshes.

The first of the two zones is a large valley, the sides
of'which'ére clearly marked by'exposed rocks. -Thefscarpments
on the left side consist of.sandstone, limestone and gypsum,

- vhich can be dated back to.the Cretaceousﬁ the streams cutting
‘intovthem often fail to rejoin the main river due to their
insufficient gradient and to the formation of 511uvial fans.
Underflow occurs in the case of the more important streamsf
thi§ water is partly utilized by means of shallow wells.

On the right'side, outcrops consist éssentially of gypsﬁm,
limestone and clay, dating back to the Jurassic and'the Creta-
ceous; the slope of this side is more gentle than the left one.

The streams cut less deep into these formations and are short-

er .
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The width of the alluvial belt may vafy from 5 to 15
¥m. -At a distance of approximately 30 km from Belet Uen,:
the left side of the valley rises to over 400 m; the left

‘side rises gently up to nearly 500 m.

_ " The second zone is a very flat one, with a gentle
'southward slope. In the northern part, from Bulo Burti al-

most as far as Mahaddei Uen, a few rocks outcrop ahd the
alluvium,. varying iﬁ thickhess.from a few to several tens

of metresu covers only riverine land. From Mahaddei to

the former junction with the Juba, the alluvial deposits
spread oter 80 km wide and form an absolutely flét ekpénse-
it consists prevalently of blackish, brown and grayAblacY1sh

'clay, with an often negligible sand content

The eastern, southern and soath~-western marglns of
the p1a1n are bounded by the coastal line of dunes* on
the NE-SW 51de the 1imit of the plalnlls not as clearly
marked, for the eluvial and alluvial materials covering
the basement rock mix without a definite line of demarca-
tion; on the SW side, the alluvial deposits formed by
the Shebeli and the Juba come in contact and mix toge-

ther. o E o
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A paleogeographic Reconstruction 'o.{-“ the Shebeli Valley

./;ifferent views have been advanced by different authors
the attempt to determine the age of the alluvial d_éi)osits
of the Shebeli valley and to explain the phenomgnak which caused
:.he pedrock of the alluvial deposits to fall below the present
jevel of the sea. Among the chief authorities on this subject,
Dalnelll, Stefanini and Ahrens w111 be cited. These three au- .

¢thar's, vhile dlsagreelng in certain details, share the view

that the Shebeli originally ran into the sea somewhere near
Mogadiscio, and that its course must have been diverted by a
parrier of coastal dunes created by the wind and by marine
currents. As to the age of the dunes, which Stefanini be-
'11eves wvere formed in the interglacial per:.od Dainelli writes:
"It is rather ,rlsky to date back to an interglacial period a
phenomenon of which one can hardly establish the. age. However,
ve think that durlng the pluvial period, considering the vo-
Jlume of,water vhich must have been carr;_ed_by the rivers de-
scending from the Somali plaitea'u, the accumulation of sand due
to the action of the wind along the coast may hardly have
entirely choked the o0ld river course, causing its diversion.
This is one more reason for attributing to the ‘post—pluviai
perlod the formation of the barrier of dunes; if we accept the
assumption that an older dune formatlon ex1sted before the
coastal area.sank to a lower level, in this case also we come
to the conclusion that the barrier of dunes is of more recent
origin". Dainelli thus does not disavow Stefanini's as-
sumption that the Shebeli discharged into the sea near Moga-
discio, but only question_s} the fact that in the interglacial‘

Perio@ the dunes could prevent the outflow of the river into the sea.
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o any case, this hypothesis has not been confirmed by the

§indings obtained from two wells drilled at Alialo, halfway

petveen Mogadiscio and Balad, in the presumed direction of
che 0l1d river. The deeper of the two wells sinks to 192 m,
. e, about 10 m below sea level, and the only materials en-
c;untered vere aeolian and litoral sand Today addifional
data suggest that the Shebeli river never reached the sea,

st least in the Mogadiscio area.

It would appeai* that the alluvial deposits accumulated
b)’ the Shebeli overlié the Miocene._ _This;conclusion was
reached on the basis of the finmdings made in drilling the
‘Herca. No.1 and Duddumai. No.1 wells. If these data are assum-
ol to be correct, then during the Miocene the sea must have
extended as farv as and beyond‘ Mahaddei, continuing in an 2p-
proximately NE-SW diréction, 'pasfc Uanle Uen and beyond Gelib.
At the end of the Miocene the sea began to withdrav. This
phenomenon continued through most.of,-the Pliocene and a
vide belt of lanmd in the Benadir Region emerged, except
the coast, which was still-covéred by ,shallow sea water in
fhich the coral formations found the ideal environment to

build their reefs, which can be imagined as a continuing series

0f islets scattered along the coast, like the isles facing the B}

coast between Kisimayu and Ras Chiambone. In this périod, the
Shebeli accumulated thick alluvial deposits near Mahaddei

or between Mahaddei anﬁ - Balad, where a sort of lagoon

vas formed. The river may also have been obstructed

and diverted in fhis period, owing to the higher levei attained

by the tcoral' formations in the coastal zone. Some foramini-

,—.—

T e
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gers typical of a brackish environment were found -in the al-
1uvial de;:osits between Gelib and Avai: this suggests that
fpe 200€ must, at some points, still _have‘ been connected

gith the open sea. The presence of the fo_raminifersr a few
getTes below the surface, suggests also that the enviromen—
tal conditions remaine_d unchanged until comparatively recent
¢imes. In the Lower Quaternary a movement took place along the
coast; this phenomenon was, on the wh'oie, negative, and céused
the coastal belt in the Benadir Region to fall to a lower level,
together with the hinterland; at the same time, the level of

the sea also became lower, as a result of glalciat_ion. In fact,
the old coral reefs lie several tens of metres below the level
of the sea . Evidence of this is offered by the data obtained
from the many wells excavated in the‘MO_gédiscio area, and in
particular the well for the new hospital: at this weli, at a
distance of 4 km from the sea and 45 rh'below sea level, a coral
limestone was found, ivory wvhite in colour, porous, slightly
crystalline; the nature .of the underlying materials is not
known, because deeper drillings were not carried out, but they
are supposed to consist of Miocene formatio.-ns,i_.e. the same
vhich underlie the alluvium of the Shebeli valley. The same
ty15e of limestone was fourd in a well drilled 15 km inland on
the road to Balad. The negative movement which occurred in the
Quaternary was characterized by pronounced oscillatibns; this
permitted the accumulation of huge alluvial deposits which,

in places, are as much as 250 m thick; for instance, in Co-
riole oil well No.1 340 m of fluvial alluvium were encounter-
ed: over 250 ff of this material lies below sea level (see Table

B
¥o.1). During glaciation, as the level of the sea dropped,new land
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rng and was eroded by weathemng agents, the river and its

r;butarles could therefore transport and depos:Lt enormous

quantltles of solids, consisting of gravel, sand and clay; at

the same time, marine currents and strong winds _carried enor-
s quantities of sand, which added to the size of the coral
fomations which had barred the way to the river. The action:
of vinds as well as of marinc currents must have

peen formidable, considering that the deposits accumulated by
;pem are a fev hundred metres thick. It is thought that the
' sinking of the land was facilitated by the re-activation of
the 01d NE~SW faults: this would have led to the lowering of

the coastal belt and the uplifting in the Bur Region, which

represents the basement rocks. In more recent times, the

coastal belt was Subjected to a rising movement, which is probably
going on even now; in a few new wells at Mogadiscio, at depths
varying from 35 to 70 m above sea level, fossil remains were
found in sands which were once considered of aeolian origin.
This suggests that the dunes may also have been farmed as a
.result of shore emersion-.("') The recent occurrence and pro-
bable persistence of this phenomenon would ap‘pear to be con-
firmed by the presence of co-rA'a'l reefs, which emergé sparsely
from the sea a few metres fro}n'the shore, for a width of 500~
600 km; in fact, on the road from Mogadiscio to Gesira (SW of
Mogadiscio and 20 km away from it), we find one of these coral
fqrmgtions, partly hidden under recently accumulated and scar-

-cely cemented sand of aeolian origin. 1In all likelihood, the

(+) The followigg specimens of fossils were found by Dr. Bar—
bieri in two wells drilled in the Mogadiscio area:
1) Well for Low-Cost Housing Project, 4 km from the shoreline

and 50 m approx. above sea levelr
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movement has also affected the hinterland, as would be shown
py the fact that some zones onithe left side of the Shebeli,
pear Afgoi, were, up to some 100 years ago, irrigated by
meanS of water diverted from the river, whereas now the gra-
vity irrigation method is no longer possible. The chief rea-
son must, of ccurse,.bave been thatbsuch areas were filled

with alluvial material; however, it is not to be excluded that

e——

9 to 21 m: Polymorphinides sp., Amphistegina sp., Nonion
Elphidium crispum, Rotalia beccarii, fragments of
Echinids. ’

A

21 to 60 m: samples missing. A

60 to 66 m: Amphistegina sp., Elphidium semistriatum, Elphi-
dium (incrusted specimen), Rctalia (keel-shaped),
Rotalia aff. calcar, fragments of Echinids.

66 to 82 .m: Elphidium crispum, Rotalia‘(keel-shaped); Cibi-
cides cfr. lobatulus, Rotalia beccarll, Polymor-

phirides sp, Amphistegina sp.

2) Well for the new radio station, located at about 6 km from
the shoreline and about 70 m above sea 1eve1°

0 to 27 m: no fossils.

27 to 39 m: Amphistegina sp., Elphidium crlspum, Rotalia
(kecl-shaped), Rotalia aff. calcar, fragments of
Echinids.

39 to 51 m: Anomalina sp., Rianulina sp., Amphistegina sp.,
Rotalia (keel-shaped), Rotalia aff. calcar, Poly-
morphinides sp., Briozoes.

~ 51 to 66 m: Polymorphindes sp., Rotalia sp. (keel-shaped),
Nonion Eocoenum, Robulus aff. calcar, Elphidium
crispum, Rotalia sp. (keel-shaped), Quinquelocu-
lina sp., fragments of Echinids.

66 to 81 m:esamples missing.

po—
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the rising movement along the coast affects, although to a

jesser extent, the hinterland.

4, Physical Characteristics of the Alluvial Deposits
The alluvial cover of the Shebeli Valley in the cen-

tral belt consists'of marly'clay'with scarce sand content,

which at the two margins of the valley turns into clayey

sand and sand.

Below this clayey cover, there are banks of more or

'1e55'coarse sand and gravel, often alternating with clay-

sand strata, and at times calcareous pebbles. On the other
hand, at the margins the sand banks increase in thickness,

vhile the clayey stratum thins out progressively and ulti-

" mately disappears. Very fine sand is to be found in the

-areas next to the dunes; sand is coarse near the point where

it comes in contact with eluvial quartz sand resulting from

the weathering of crystalline rocks in the Bur Region.

The strata of coarse gravel and sand deposit§, alter-

nating with cly and very fine silt in the longitudinal al-

81 to 108 m: Rotalia aff. calcar, Rotalia aff. inflata,
Amphistegina sp., Elphidium crispum (small
_specimens) . '
108 to 147 m: Elphidium crispum, Elphidium semistriatum,
Rotalia beccarii, Amphistegina sp., Rotalia
‘aff. calcar, Cibicides aff. italicus, Radio-
laria, fragments of Echinids, fragments of
. sponges, Polymorphlnldcs.
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juvial belt, are logically to be related to the seasonal
phenomena of the Quaternary in Ethiopia and Somalia: in

this period the upper part of the catchment basin was sub-
jected to glaciation (traces of moraine were found in se-

veral places on the Ethiopian plateau), ﬁhilé.rain~fé11_in

its middle and lower parts. During these weather extremes,

the river had an enormous carrying-étrength, as would ap=-

pear from the presence of sub-angulaf stones and big,peb-‘
bles at a depth of 100 m in a well in the Genale district.

The greater'volume of'water'favoured cverflowing, and the
river water could freely invade the.flatland of the Benadir
Region: it thus covered huge expanses of land and filled

the depressions, giving risé to marshes; at the bottom of
which, in subsequent periods of meteorological calm, very

fine clay and salts would deposit. It has in fact been
frequently noted that, particularly in the vicinity of gypsife-
rous rocks, clay deposits present a considerable percentage

of selenitic gypsum, aﬁd the&ater_connected with or flow-

ing through them shows marked salinity, due to the high de-
gree of solubility of this salt.

.

The gravel constituents, which are mainly in the nature
of sandstone and limestone, may be attributed to the weather-
ing of the sandstone formation at Jessoma;‘and of the cal-
careous series of the Middle Cretaceous outcropping along
the Shebeli Valley in the Ethiopian and Somali territories.

The small and not very frequent siliceous pebbles have been

e



carried a long distance and in all likelihood come from the
outcrops in Ethiopian territory, or from the continental
accumulétions of the Jessoma series. The sand contains a
pigh percentage of more or less coarse-grained quartz,dand
‘4ts origin 1s partly aeolian and partly alluv1a1. it also

probably comes from the basement rocks.

In general the sand and gravel constltuents are not
cemented but not unfrequently one finds banks of gravel
and calcarecus concretions with a certain degree of cemen-
tation; they form a porous, though'compact, aggregate. Po-
rosity»and'permeability are generally very high*in the gra-
vel beds and in the scarCeiy cemented"gravelly and sandy
ones, w1th minimum clay content; they are, however,vsomewhat
reduced when ‘'sand and gravel have a clay matrix. A
good 1nd1cat10n of the high degree of por051ty and permea-
bility of the sandy and gravelly beds is glven by the ex-
cellent results of wells in the Genale area. These wells,
vhich have a 10" diameter caeing, reach an average depth
of 70 m and their static level varies between 10.m and
15 m: the variation in level after continuous pumping is
minimal and the yield is, on an average, 100 cu.m of water
- per hour. |

It is difficult to correlaté the data obtained from
wells sunk in the alluvial belt, due to the frequent and
often sudden lateral change of fac1es. The deposits have

a lenticular structure and result from the f£illing up of




old streamlets and depressions. The change in facies is
50 sudden that at times the samples from wells located only
a fewv hundred metres apart show an entirely dlfferent gra-

_nulatlon and do not allow comparison.

5. Rechargé of the Alluvial Aquifer

On the basis of present knowledge, it is practically
impossible to calculate to what extent the alluvial aqui-
fer‘is recharged by river and rain water respectively.
5Véry few pluviometric stations exist in the vast alluvial
area, and there are no stationms td measure evapotranspira-‘

‘tion. Furthermore, the size1o£ the area which would per- .

mit percolation is not known; at the same time, no provision.

has been made for measuring seasond and yearly variations
"of level in the wells. It is therefore impossible to evalu-
‘ afe- the volume of reChargé and its origins. This problem,
then, can be dealt with only in a general way,'withcut ahy
pretense of adding to present knowledge on the hydraulic

~ balance.

. In an earlier part of this paper (Part II,2) the
Shebeli Valley was divided, from a geomorphological view-
~ point, into two zones. This distinction holds good also as

concerns the recharge and flow of the aquifer connected

with the alluvial deposits.

In the first zone, where the alluvial belt comprised
between the tyo sides of the valley has a width of a few

g S g
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ﬁ;ometres only, the aquifer does not lig any tob'deep below
tpe surface and is to be considered as an "underflow", fed

py the river and by the streams discharging into.it.' Detri-
tus, sand and clay-sand deposits at the margins of the allu-~
vium permit easy infiltration, whereas the reddish-blackish
clay in the central part of the belt, owing to its scarce
Iwrmeability,dcesnot contribute much to the recharge of the
aquifer; infiltration remains satisfactory in the riverbed.
mhe underflow certainly follows the same direction of the
river. ‘ ‘ :

In the second zone, where the alluvium covers immense
tracts of land and forms aAtransverse.surface cover, the |
aquifer is recharged mainly along the line of contact be-
tveen the alluvial deposits and the otherformafions by which
they are bounded, since a good part of the extensive allu-~
vial plain consists, on the Surface, of’clay,'mafly clay
and slightly sandy clay: these materials are scarcély per-
m able or not at all, as would appear from the fact that
in some areas rain or flood water stagnates for long periods
and disappears, mostly by evaporation.(at an estimated rate

of 5-6 mm per day) only after a number of months.

The absence of percolation in the clayey and clay-
sandy zones is also confirmed by the fact that nd well has
been sunk which draws water from perched aquifers. The
many wells'that have been drilled, aithough they sink through
porous strata lyihg bétweeh the surface clay stratum and the




vatertight c¢lay beds, strike water only at the level of
the deep regional watertable, i.e. at a depth~ranging

from 45 to 65 m. Recharge from the river isjconsiderable
upstream, and tends to be reduced downstream,'owihg to

the reduced permeability of the riverbed and of the banks,
which show an increasing clay content as one draws nearer
to the marshes. Wells supplying abundant water, at a
depth varylng From 6 to 20 m, are to be found only in the
rlverlne zone which is, at best, a few kllometres wide. »

These wells are obviously fed by the river.

6. Quality of the Water

The water to be found in the alluvial deposits of
the Shebeli varies in salt content from one place to the

next. The main factors determining the quality of the

water are the different degree of porosity and the chemical

nature of the sediments in the recharge zone and in the

saturated zone.

Salt content in the underflow and in the wvater held
by the Bedrock of the alluvial belt comprised between Fer
}Fer and Mahaddei varies from‘place to place, owing mainly'
to the variety of rocks outcropping on the two sides of
the valley (gypsum, sandstone, limestone, etc.). The high-
est percentage is to be found at Fer Fer, in the tract be-
tween Belet Uen and Giglei, and from Bulo Burti to a dis-

tance of 130 km on the road from Mahaddei to Bulo Burti.
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In these zones the water is at times very salty and is
refused even by camels, which generally tolerate brackish

water.

Also in the largé alluvial plain from Mahaddei to
‘the terminal marshes, the central-paft of which is over
80_km'wide, shows the presence of brackish wvater in the
various boreholes. Highly salty water, beyond the limits
of tolergnce of'bofh men and animals, is to be found bé—
tveen Joﬁhar and Uanle Uen, west of Uanié Uen, north of
the ideal line joining Audegle and_Cdriole, east of Mahad-
~dei and in the area comprised between Modun and'Billik'
‘Tale'. From the data available to us it would appear that
only a very narrow belt, a few km wide, bdrdering the river
on both sides, could provide water for irrigation and
for consumption by humans and animals. This belt extends
from Mahaddei to dehar, Afgoi, Genéle and'Goluin; As to
the last.twb localities, the belt running on their left
side seems to offer better prospects. The excellent
physical characteristics of the alluvial deposits,-most—
1y consisting of gravel, sand and a few clay beds, in the-
tract from Mahaddei to Goluin, permit us to assume that
the welis which could be sunk for ifrigation purposes

.would yield abundant vater.

The fresh water zone described above is probably a
lens of limited thickness varying from one place to the

next and lying above the water flowingkfrom the Jowhar-

b
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Uanle Uen area and from areas beyond tihais zone, as well

" as above the water flowing from the zone north of Audegle-'

Coriole, which is generally brackish, since it comes in
contact with gypsum rocks and sediments rich with soluble

salts.

‘Ground watef~in.the zone between Modun and Gelib is
extremely salty and is found at a depth slightly lowér
' than sea level. The reason for the excessive salt con-
tent probably lies in the absence or inadequaéy'of'perco-
lation of rainwater and of wvater from the nearby extens-
R ive marshes. In fact, the aréa is entirely éoVered_with
impervipus marly clay. This not only.exPlains the low
level of'the'aquifer,'but also suggests the intrusion of

sea water inland.
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Uanle Uen area and from areas beyond tais zone, as well
 as above the water floving from the zone north of.Audegle-'
Coriole, which is genérally brackish, since it comes in
contact with gypsum rocks and sediments rich with soluble

salts.

‘Ground water in.the zone between Modun and Gelib is
extremely salty and is found at a depth slightly lowér
.'than sea level. The reason for the excessive salt con-
tent probably lies in the absence or inadequa¢y>of'perco—
lation of rainwater and of water from the nearby extens-
ive marshes.  In fact, the area is entirely covered with
impervious marly clay. This not only explains the low
level of the aquifer, but also suggests the intrusion of

sea water inland.
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CONCLUSIONS AND RECOMMENDATIONS

| The Shebeli valley is inhabited by nomads and semi-
pomads, i.e. shepherdé and shepherd-farmers. The area
petveen the Ethiopian border and Giglei is populated by
nomadé and seminomads. The farmers, who are a settled
population, inhabit the middle and lower reaches of the

‘valley, together with some semi-nomads.

In order to prepare programmes for the developﬁent
of this important region, it will be necessary to take
into account, in addition to climatic, geological and
agricultural conditions; also the environmental factors
(propensity of the local populations for farming or stock
raising, existing typés of farming, etc.), so as to avoid
failure, as was the case with 19 agricultural cooperatives
established in some parts of the valiey3in'thelperiod
1950-1954. 1In this connection Fumaioli investigated the
reasons for such failure and found them in the absence of
a cooperative spirit on the part of the members. Also
Cortese, the author of "La valle dell'Uebi Scebeli", has
‘plearly pointed out the danger of neglecting to take into

account the local environmental factors in preparing de-

velopment programmes.

a8

The areas which could be developed in the Shebei
valley are very extensive,and before any planning is un-

dertaken it will be necessary to select those which offer
&
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the best economic prospects, once the morphological, struc-
tural and environmetal factors have been found to be

favourable.

The data concerning the Shebeli valley is abundant,
even though not always exhaustive. Fiow-meaéurements and
‘analyses of the farmland in the valley are at the moment
‘being conducted by experts of the UNIFAO Agricultural anl
Water Project . Very soon thé results of this reséarch
-will be submitted in the form of a final réport which
will certainly constitute a remérkable contribution to
our knowledge and,lif-additional information will be made
available in a few particular cases, we shall have a
clear insight into the agricultural prospects of the area.
in question, based on the selectidn of the areas which
are most suited to river engineéring works and agricul-

tural reclamation, by introducing various types of cropsf

One of the major problems awaiting-solution is ob=-
viously that of preventing, or at least limiting, the
overflowing of the river and imundation of cultivated

areas during flood seasons.

Table 2, which was prepared on the basis of aerial
photographic interpretation, shows four zones affected
by fhe behaviour of the rivef. The first zone lies in
the marshes; the second is inundatéd each yéar during the
floods; the third is a zone where the river overflows

only exceptionally, i.e. following heavy and persistent
L .
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ainfall in Ethiopia and Somalia; the fouth zohe is
ﬂﬁwn'td valuable and rationally irrigated crops (bananas,
ugar cane). The table also shows the,abandoned river
eds, mostly filled up with sand but still visible in the
erial photographs. |

Leaving aside the areas grown to valuable crops,

he three remaining ones could be divided as follows:

) ﬁarshes: rice growing experiments cbuld be intensified,
wvith a view to selecting the variety which could best
vithstand the climatic and chemico-physical charac-
teristics of the land, for large-scale production.

) Annually inundated area: a network of canals, sluice
gates and_embankmentshwaxld permit to control the over-
flow of river water during flood periods, so as to
avoid a waste of water supplies and to prevent indis-
criminate breaking down of bank edges by farmers, whose
intention is only to flood just a few hectares of land.

) Exceptionally inundated areas: drainage'canals should be
built, so as to convey to these areas flood water ;'
with a view to limitinglas much as pdssible the damages
resulting from the inundation of these areas, as well -

~as improving the areas grown to valuable crdps;such as
cotton, groundnuts, Sesame, maize, sorghum, etc. These
areas aré at the time only partly utilized by culti-
vafing sorghum and maize, and are generally devoted to

temporary dtazing.
[ ]



To plan_these_works it will be neéessary to survey
all the areas which can be flooded by gravity, both in
view of growing waterlogged crops and of draining part of
the excess flbod wvater. An accurate survey should not be
1imited“tolthe areaé bordering the river, but should be
extended also to an old bed of.the Shebeli, probably aban-
doned only recently, but still visible inthe aerial photos
- and identifiable,ohAthe ground. The o0ld bed starts from
the'Mahaddéi Uen area, continues past Adalei, between War
Mahan and Lamma Denca, as far as'the Audeg1efBur Acaba
road, proceeds further 5 km from Coriole and ends in the
maréhy érea."As will be feadily understood,’if'the old
bed could be again put to_uée, it would be possible not
6h1y to avoid the harmfulkflooding.of farmland'axound
Genale, but also tc improve a long belt, including the
Mobilen and Dafet areas, which at the moment draw their
supplies of water from a few wells and uars. Unfortunate-
ly, as long as the survey work is not carried out, it
will not be possible to determine the feasibility of this
project. This work is therefore of utmost importance and .

should be given top priority.

The above consideratiors apply, of course, only to
the belts of land bordering the river; as to those that
.lie some distance away, and cannot be reached by flood
water, it will be necessary to utilize ground and rain

-water to meet the requiremens of the cattle concentrated
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in that area. Considerable benefits have been brought by
drilling a good number of wells in the valley. In fact,:
in the past the stock had to be led all the way to the
river, where a good nmumber would be killed by the tse-tse
fly; at present, a large number of them can be watered at
the wells. In addition, the drilling of wells has pro-
vided additional information on the hydrogeological char-
acteristics' of the valley and it is now possible to define
the areas which, thanks to their hydrogeolbgical charac-
teristics, shouid'be taken into consideration for the pur;
>ose of developing ground or surface water resources.
raking into account the depth and salinity of the aquifer
sonnected with the alluvial deposits and with the rocks
younding the valley, Table No. 3. shows three main areas
suited for the purpose. In the_first the aquifer is to

e reached only by means of drilled &ells, for it is es-
:imated that the wells should be over 50 m deep; in the
second, water can be'réached by means of dug wells and in
he third, owing to the excessive salt content. it would

)e advisable to build uars for collecting rainwater.

In the last ten years about 200 wells have been
Irilled in the Shebeli valley; it is regrettable tha
ione of them was drilled for .the pufpgse of obtaining
lata on the yield and salinity of the various aquifers,
md that no analysis was made of the variations in level
‘aus ed by pro%onged pumping. It is therefore recommend-

d that future drilling programmes include a number of_
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stratigraphic wells,_to_be later used also as‘pumping’
'stations. Some of the wells already in operation could
also'be used for the same purpose. It iS-alsovnecessary
to determine the elevation of the existing wells: this
_ is the only way to e;tablish correlations and dqtérmihe

any variation of the aquifer.

| As to the area in which uars should be excavated,
it is strongly recommended that a certain number of sta—
'tions be set up for collecting data on,precipitation and
évapotranspirétion; it is;, in fact,'theﬁlaék oflthis data
vhich prevents any forecast as to the length of time du-
ring which water would be available in the uaré and" the

volumes that could be impounded in then -

The chemical and bacteriological analysis'of all
vell vater is imperative and urgent: these £indings would
in fact permit the establishment of correlations among
the'different wells and the making oflclassifications;.
they would also permit to determine vhether any well pro-
vides water harmful to crops, humans and animals. It is
well known that, while deep wells mostly offer no danger
of pollutioﬁ,'in dug wells, which do not génerally reach
great depths, such danger is much greater and many of them
will contain harmful bacteria. The pollution of these
wells is favoured chiefly by the absénce of hygienic pre-
cautions, so that animal excreta is abundant in their vi-

cinity. In view of these facts, future projects for dug
. N
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wells should contemplate hygienic measures to ensure the
prevention of water pollution. Aside from this, it is
strongly recommended to organiie an efficient campaign

for the education of the population in matters of’hygiene.

Many of the past failures, if duly taken into ac-
count, can be avoided in the futre. Unfortunately, the
lack of a reliable governmental organization which would
ensure a scientific planning of hydraullc researches pre-
vents the implementation of economlcally profltable program-
.mes, with the result that many of them do not come off .
successfully, as farthe past. When planning the 1nd1v1-
dual water development projects, account should be taken
of the economic and social.aspeets, without lending at-
tention to political or group pressure. It is therefbre
necessary that a technlcal-polltlcal commlttee prepares
the annual work programme on the basis of studies and re—
searches carried out in the areas selected: priority )
should be given to those which arelfound to be economical-
ly ﬁore profitable from the point of view of agriculture,

animal husbandry and industry.

‘The Shebeli valley offers potential prospects of
excellent development, and should therefore be given

priority attention.

The available data, although not exhaustive, are
already sufficient to outline a programme of economic and
- social development in the hydraulic field, as a very valuable

- _
contribution towards Somalia's self-sufficiercy.




PART I11

MAIN WELLS IN THE SHEBELI VALLEY
A good number of boreholes draw water from the
aquifers of the Shebeli valley: most of them were dug or -

bored in the last ten years.

The wells mentioned here are those on which some
- data are available.- It will be noted that information
‘on many wells, especially of the drilled,typé; is not
complete, owing to the fact that in manYiéaseS’strati-
~graphic data were. not collected and a scarce number of :

pump tests and chemical analyses were made.

The.water from most of the wells was mainly~tested ‘
for specific coﬁductiﬁjty (measured in micro—ohms/bm)'by
means of the Benz Condﬁéto-Bridge‘apparatus, Modei HB 14,
manufaétured by the H. & L.D. Benz Co., Philédelphia, U.S.A.

As is known, evéluations on the quality?of the water, :
particularly in arid or seﬁi-érid zones, are, to a}certain' 
extent, subjective. In fact, the p0pu1ation who are used.
to drinking fresh water react very unfavourably to brackish
vater, whereas the same water is considered as almost fresh -
by those wvho are accustomed to water containing a much
higher percentage of salt. In view of fhis consideration,
the water supplies of the Shebeli vailey have been clas-
sified'in fi&e grbups, according>to their specific conduc-
tivity:_ | '

.. &
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_ even when the aquifer is a gypsiferous formation.

2)

T - e @ e G S e — e e s e o ow e e

‘good to fair; its taste varies from slightlyfto dis-

tinctly brackish. If too rich in sulfates, it'may be

4)

refused by humans, but will‘be.accepted by the stock.

~brackish to strongly brackish. - It is not used if bet-

ter quality water is available from nearby sources(it

is refused by all riparian pbpulations); It usually

.has laxative effects.._It is, however, still accepted

by animals, but is refused if supplied from a gypsi-
ferous formation. | | B

Strongly brackish to salty.. It usually has a laxative

" effect. and is rarely accePted'by goafs.and camels.

5)
. Cannot be utilized.

Specific_conductivity exceeding 10,000:

Axl data available concerning total depth of wells,

depth to watcr level, drawdown ang-,specific conduc—

tivity, temperature and percentages of total dissolved

solids are tabulated in the foiiowing pages. Stratigra-‘

phic descriptions, in the cases where such information

is available, are given separately.

As to the wells in the Afgoi and Genale areas, these

have been omitted in this paper. In fact, owing to the

abundance of data obtained from the numerous wells drilled
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the author Qf

:in these areas for irrigation purposes,
to

1

this re

port has prepared a separate publlcat1on,
which the readers may refer (see Bibliography) -

-ABBREVIATIONS '
n “"Record of Wells in Shebeli Valley™

Chem. An. (...g/1): chemical analysis (grams per litre)

~ Dr.: drawdown.
. Elev.: elevation a.s.l.

Hard.: hardness in French degrees (perm.: permanent;
tempor.: temporary).

Org. m.: organic matter.

Temp.: temperature in °C.
TS8D: total solids dissolved.

Note: A serial number for reference to map and to
"Stratigraphic Data" is attributed to each
borehole. Some wells are followed by number
in brackets corresponding to file number of
Well Section of the Public Works Dept. Where
no such number is given, borehole is private
property.

The mark (+) on left 51de refers to strati-
graphic data given separately after tabulationm.
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in these areas for irrigation'purposes, the author of
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this report has prepared a séparate publication, to

which the readers may refer (see Bibliography).

"ABBREVIATIONS _
in "Record of Wells in Shebeli Valley"

Chem. An. (...g/1): chemical analysis (grams per litre)
. Dr.: drawdown. ' '
. Elev.: elevation a.s.l.

Hard.: hardness in French degrees (perm.: permanent
tempor.: temporary).

Org. m.: organic matter.
Temp.: temperature in °C.
‘TSD: total solids dissolved.

Note: A serial number for reference to map and to
"Stratigraphic Data" is attributed to each
borehole. Some wells are followed by number
in brackets corresponding to file number of
Well Section of the Public Works Dept. Where
no such number is given, borehole is private
property.

The mark (+) on left 51de refers to strati-
graphic data given separately after tabulatiom.
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3

A  Deptn | th —w al 7o con— *
! %%H.mw. c.a# vi
Borehole i (in of) _HmAMWm_V_AoF :\wv- Cuuou.oo WNBU Romarks
(1Y 1 (2 1t (3) (4) _ (5)
1. Fer m.ou.m 42 “ 3 “ — “ +10,,000 “wouwoo station on Ethiopian border, N of
(224~ 224b~, . . Belet Uen. Salty, abandoned. Gypsum and
B | 1 1 ! ! -
224t) . I [ | .oww% encountered. .
" ®. Bur Seri+ 9 I, 8,51 — 11900 (1/7/61) 14.5 km from Fer Fer on road to Belet Uen.
sale ! ! ! ! 1014 dug well, probably polluted, needs .
! I ._. § ?Hawﬁ.:m and deepening.
3. Giauil “ 12 " 362 " 5 “ 1850 G\B\mov Eoum 45"-E45°12" .
(259) ,_ ; i . m.o.mo ﬁwé\m\mov wmws hard, 90°,  0.-25 m mainly limestone:
{ o n,. ! nmmlqm m gypsiferous olay, bluish & whit-
| P - ' yish marl (Belet Uen series - Swguo
{ ‘ ‘ . _nu.camooocmv
4. Hiran ! 8.5 - 1 T7.80¢ o.v.Auoo 1 260 mmm\m\mov |Near bridge on Wosoawso:m watercourse.
(68) | 1 I 1 350 G\L_O\a; .U:m in dmn of stream.
5. Belet ” 10 " — “ -— " 1100 A..Z\E\mov_éoo m muos right ‘bank of river, near
Uen { ; ' ; 2000 (9/10/61) jGovernoz's house ¢ mcsw in river allu-
! ! T ' _iss. A .
6. Jermoghe! 120 L — iDry. No other data avail.
(182) ! ! ! ! _ . -
J. Bugda “ 42 “ .-m. “ C— “ 1800 - . _mo km SW of Belet Uen,
Cosar Q:ov_ { . n | _o.émzs & clay encountered.
8. Duxi(526) 15 ! 14.50°1 0.200 ! —  1Dug well, 30 km from Belet Uen, 150 m
! ! ! I S - {from left side of wmum.w Uen=Bulo wﬁéu
) ! ! ! froad.
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| e | () 1@ 1O @ L&)
| 1 1 1 ! o
| 9, km300 } 413 1 — I ~ 1 +10,000 " 10n Mogadiscio-Belet uen road. Salty,
| (258) -1 Co 3 I labandoned. No other data avail.
| Jon Chili “ 6. “ u.m,w o.muo,uw.imoo (1/9/60) - .“usm_ws bed of homon. stream, at 285.5
; Ara (529) ! . | 1 ! jkm on Mogadiscio-Belet Uen road.
] -~ (+) 11.Berdale ! 104 I 45 3 12200 INg0261-E45°23 " .. .
i (181) 1 ! R | IChem. An. (g/1): Ca 0.036, Mg o.ouo
M : ;] l ! ! INaX 1.835, HCo3 0.760, C1l 2.340,
j 1 o] 1 ! IS0, 0.272, TSD 4.900.
: 12. Bugda, “ ‘9, :m 3 “ o ,“ 2500 - , “z»°>_mmamoim. populated centre at
.bomzbﬁmmt- . R ! . . ymargin of karstic depression in gyp—
1 » 1 1 P jsum formation. Area flooded in rainy
_ ! 1 w .- ! - jseasonj several perennial dug wells
’ 1 s 1 1 : _%wo“_.m same o.zm.H:% of water. Chem.
- ! 1 : yAn.(g/1)i Ca 0.788, Mg 0.012, NakK
'y ) 1 | 10075, HCo3 0.156, Cl 0.042, S0,
R 1 T ;- 11-940, TSD m«moo. :
_ © (+4) Do Avorei ! 120: J 35 i 1 4200 (23/1/60) IN4°21-E45°15'. s tin, W lE
LT T (321) ! ! R I Temp. 33° ! .
g B ) ! B ) 4000 (16/12/59) !
_ ol } S I 1 3500 (1/8/61) 3
| J14. Jessoma Qommosm“ 4 “ 3.80 “ — “ 700 - “u:m in omomuesoze of Jessoma series;
_ (696) ] { 1 ! . . |epringwater in m»p»amosm sandstone,
m . ~ ! 1 I .~HO¢< yield.
! (+) 15. Dedi 1 .. 50 1.-20 | e o— 130 xm from Bulo wsuww on oam track to
m : Uadle (26g)! ! | S | 1Belet Uen. : A
“ S 1 ] ) ) 1 T
3! ] ! ! 1




6000 (1/1/61)

lsidered salty, abandoned.

- 50 —
. ] 1 ! _ ! | B o
- aBorehole , . (1) 1 (2) 1 (3) I (4) y (5)
_ H 1 ” 1 | 1 v _
16, Bulo 1 37.7 1 28.70 I — 1 — 1N4°3130"-E45°30'. Drilled in Belet Uen
Burti Waterl k! ! L lseries by Mobiloil in 1963. Chem. An.-
Woll ! 1 ! 1 1(g/1): €1 0.2, S04 0.5, hard. +100, org.
s 1 ! 1 l Im. in 0'0.002; NH3, NOp, NO3: nil. Aband,
.- 17. Bulo “ “ “ “ v “wmdoum.u. dug wells (in river alluvium,aver.
- Burti . 1 1 1 _ydepth 8-10 m)but water mostly drawn from river.
a) school e T B T 2200 (4/12/59) ~4pu»m¢wosm in its salinity related to pe-
well | 1 1 y 1400 (22/1/60) ~yriodic changes in quality of river water.
" 1 y ; 1250 (1/9/60) -,
! y ) 1 o 1580 (9/10/61) 1
b) well ner; — .4 — , — | 2000 (9/10/61) 1
| 'macaia’, ! ! ! 1
in H.&.Buoou; , 1 1 1 , o | ,
18. Bl Bio | 13 142 I — 11950 (5/9/60) 1N3°391-E45°30'30". 014 well dug at bottom
Nef i I l 1 A lof depression in Mustail series (Cretaceous
, ! ] ] ! l1imestone), needs oleaning and deepening.
(+) 19. Bur QQa“.. 81 “ 12 “ — “ 6000 uuﬁow@_lmﬁowm_. elev. 162 m. Considered
Ammmv . ~. ] 1 { ysalty, abandoned. Chem. An. (16/10/57 -
o ! . ) P ..«N\Hv” C1 5.02, SO4 3.3, org. m. a8 0
! 1 i I ,_o.oomo. Fo nilj Allumine, Noj, NOp: pro-—
1 1 ] ! jsents NHy nil; hard.:total 480°, perman.
! 1 ] ! y . 1300. tompor. 40°; residues at 180°: 13.35 g3
] 1 ! N jealcium and magnesium salts (carbonates, sul-
i ! 1 p jphates, owwouwmomVn.mdcbmmS¢.
BurgUend 6.5 1 6 1 <= 1 1500 m away from preced. well. Dug well, con-—
! . 1 1 _
! ! !
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(+)
(+)

pur--a—.

1

1 H r. | ’ . ) )
Borehole , (1) , (2) , (3) -, - (4) T _ (5)
* ! 1 1 ! S .
20. Gimbflei ! 2.5 1 2 1 -1 wmoo Aao\éo\mmv~zuouo..ahmoua. Dug in shallaw gypsi-
! ! 1 ! lferous depression.
! 1 1 ! !
21.E1 Bilal, 5 1 M ., =— 4 4500 Amo\w\aov (¥3027'-E45°31130". Well supplies water
. AW’MV ] ! . | - v —éO homon. .Q.PHHD.% .-
. El Bilal!l 5 | 4.5 1 — 1 6000 Am\._\m._v IDug in gypsiferous formation.
(near infird - } ! 1 : }
mary) ! 1 ! | { o
El Bilall 451 4 1 — 1 4000 (22/1/61) 1700 m away from preced. well.
] 1 S : ] _ .
22, Arar | 3 2.8 T - “ 3500 (1/9/60) 1At 150 km on Mogadiscio-Belet Uen road.
Lugole | 1 . S 7 . Dug in marly gypsum.
Arar L.! 3.5 2.8 1 0.200 ! 3500 (7/2/59) !+1 km E.of preced. aopw. dug in marly-
) l N 1 3500 :o}o\mmv.mmg« gypsum, concrete-lined.
1 ! N | 3 !
23. Km 140 1 10: I 9.8 ;] = +._o‘ooo jOn zowmm»uowolwmwoé Uen road.. mmﬁws
I - ! 1 nmdwanonoo. o
Em 140 , 102, 16 , — | 385 Awo\m\mov jA fow m away from preced. one.
' 24. 0rloe ! 140 1 48 1 abund. !410,000 (27/5/59)1Km 22 W30°N of Jowhar. mmuéw, aban-
(186) . ! A ' 7500 (Oct. .mov_nouoo. B
{ ] I ! .
25. E.wg%: 115 ! m..A_ .._ abund. ] 1200 Awq\m\mwv nmnww:am water to homon. ‘town.
Uen (222) 1 1 1450 (6/11/60) ,
26. Lebida | 90 ! 40 ! — I 5500 (1/6/59) 120 km E36°N of Mahaddei Uen.
Codesa (285) 2 ! v ! 1 _
! 1 , 1 ! : 1 T
! } f _

w»m@o Améiv_

!
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»~

~M¢Hm.$mu.mw5..o data available down
—.ﬂo QN me.

Borenole | (1) | (2) } (3) | (4) , (5)

- 1 ! ! ! ! _

(#) 28, 414 ! 170 Il 40 ! — 1 4000 150 km NE of Jowhar.

. Dere (254) ! ! ! ! ]

. f Y . . ,

?me.mwmwaumww 16 “ 14.7 “ —_— “ 5000 (6/1/57) “AO km from Mahaddei Uen to Ali Dere.

- (552) | ! ! ' | | |

(+) 30, Garas 1 127 160 ! — 1 5300 (10/1/62)126 km E5°8 of Mahaddei Uen.
Bargo (273)} ! ! ! Temp. 34° ! -

(+) 3. wwvbnpo“‘ _ “ “ . “ _ "wd km E6°8 of Mahaddei Uen. The two
(205) y 93 | & | — | 6000 jwells are drilled close together;
(205 ¢) 121, (62 | ~— | 5500(14/11/61) one is abandoned. :

. . | { ! 5300(12/1/62) _ :

(+) 32. Mir ! ! I 142 xm B4°S of Mahaddei Uen. The
Nagot ! ! ! ! ~ ltwo wells are drilled close to-
(242) 1 116 V67 ! — 1 9500(14/11/61)}gethér. Salty, abandoned.

(242 1v) I 110 1 61 1 — 1 — ! :
(+) 33. Acab “ 140 “ 60 ? “ —_ “ aoooﬂmo\éo\mﬂv"um km B15°8 of Mahaddei Uen.
Duo (244) ¢ ! ! ! ! | |
- (+) 34. Uar ! 920 '} 60 1 -— 1 6000 (7/3/61) 130 km E20°N of Jowhar.
Dagah (210)} L ! ! |
(+) 35.Giliale “ — " — “ — " —_— "._m km B of Jowhar. According to
_ 1 o ' g ) yCorni (see Bibliography) well was
| ! | - ! ~&.»H_.on into alluvium down to 107 m.
l. ! } §
1 1 ! !
] ! i $
! ) ! !
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(a)

37. Ghersald

n.
!
!

janother; waterlevel then rose to 17 n".
_Uow.«w indicated by this author is' mcwwomon
_do be depth of wells, not of aquifer -
~<Ewow should be nearer to surface.

.

170 ¥m from Mogadiscio on road to Jowhar.
IFrom Cornis ".e.A woll 91 m deep was
Jdrilled at Ghersale". No other data
lavailable. Now no well exists at Gher-
Isale. . ,

.  Borehole “ (1) " (2) ” (3) “ “ (5)
) ! ! 1 ! 1
36. Jowhar ! ! ! ! o
(+) (2.3) “ 112 “ 11 “ — “ 1800 (27/5/59) “uﬁﬁom in 1957. Located at oiuwsom
a | : [ g 1100 (24/6/60) jof tom from zomw&moao.
_ | : . 1200 (9/10/61) | . |
(+) (235) y, 8 4 8 | . — - 1650 (2/4/62) ,Drilled in 1962. Salinity decreased
1 ) { 1 , yfrom init. 3000 to 1400 during first
! ! ! ! jpumping. Located in. front of club
| I 1 ! jat entrance of town from Mahaddei.
ex-SAIS “ — “ — V. — 1 2400 (5/11/60) IDug weil. .
Well near 6 g — " - ” - 6000. (5/1/61) "bcm and abandoned.
bridge ! . P . .... o |
. Bntrance ! 7 I — I — 1 2400 (5/1/61) !
from Mog. | ! T | o 1 ’
rear '‘meaia’ ! ! ! ot | I _
! -
5th & 6th )y - " —_— “ — “ — ”m_u.oa Cornis "...water was found at a
ex~SAIS i g i ' jdepth of 35 m-in one well and 45 m in -
Tarms 2 - ! 1
! ! ! !
! ! ! |
! ! ) !
! ! I
! ! !
I ! I
! ! !
! ! !
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Y- S,
Borenole , (1) " 2 ; G) (@ K . (5)
! 1 ] ] B
(+) 38. Fax I 100 I 55 1! — T mooo (Oct.'60)122 km SE of Jowhar. Chem.An. (10/8/62 -
Mohamed i t 1 f
Awawﬁw_o , .~ n _ MM\HV« residues at 100° 3.236; Hard.:
v total 72, perm. 16°, tempor. 563 org.
! 1 ! ! Im. in active 0 0.0016, C1 0.38, S0y
“ 3 R ! 11.08, Ca0 0.361, MgO 0.052, NaCl 0.753
! “ “ “ IPo, NH, , NOg, NOy: nil.
. : \ ! ;
(+) wm.mwﬁﬁmr 105 { 54 g — | 2300 (13 Ym B15°N of Jowhar.
; | _ _ .
! 1 ! i o .
(+) 40. Gabanei! 96 t ..,\ma ! 4 1 2400 Amm\m\%: 15 xm B10°N of Jowhar.
(139) ! I Apr2m !
. o ! ! ] ..
(+) 41. Tesile K 96 1 62 | 4 , 1800 y12 km from buooom. well on track to
L (#) Mw%wﬁﬁm. a ” 96 “ 40 “ — “ 2000 (28/2/62)116 km B of Jowhara. .
| 1 s - ! | _
43 .Sarsamo ! 78 1 45 o 3000 .. 4,28 xm N16°W of Balad.
ISYCO P ; ; |
wg&wum ” - 128 “ — ] o~ - 12-3 km away from preced. well.
(255) ! ! ! | -
, 1 1 ! ! , N o )
(+) A4. Hedega | 115 y 55 y  — - 1400 (27/5/59),23 km N16°W of Balad.
EOdHHmAmAmv- 1 i g . I
(+) 45. Gololei! 102 ' 54 'V 5 1 2500 :\A\md 110 km N30°W of Balad on road %o
(153) ! ! _eu.u o ! | Mogadiscio,
46. Balad “ " “ “ “ . .
(49) 1 M { 45 P {Dug well supplying homon.town.
! ! ! ! . B
| ! ! ! Y ot
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- mu,l :

. 1c0y -, HCOy 0.347, C1 0.512, S0, 0.928, .

» Borehole " {1) “ . ANV . “ (3) “ (4) .r o . (5) .
. r 1 1 1 — |
(+) (170) 1 110 vt a4 1 - ! 750 - 1} §ell supplying homon. town.
1 ! 1 ! 890 (29/1/57)}
! ! ! 1 820 (24/6/60)8
.. 1 B ! 1 mmo (6/11/60)8
(+) (170 dv 1 10 t 45 1 - 1 - ntmuu mﬁuwwﬁsm homon. town.
,.?.v 47. Aua “ 112 “ 62 “ —_ “ ._woo Amq\u\mwv-._w km W of Balad.
;- Barei :mwv_ g ! | | .
.A+v 48. Alifo } 146 1 63 V —~ - IN201T114"-B45°9!52", Elev. 104 m.
- (317) R | | 1 FEE AR S ' C : v
E “ “ , “ - “ ?m.ﬁ.gzlm&om.mm:. At Uar Mahan farm.
(+)- :mov g 160 y. 12, 10 — R . . _ .
SR " Dr.0m | . S
(160 b) “" 118 - “ 68 ' " “_ . .. .
(160 8) ., 136 -, 11 I mqoo Aﬁo\W\WQV.asaa. An. Am\wV. Hard.: total qm.. pern. »a
1 ! I 1 . . ytempore 303 PH: sub-alkali reactionj C1 0.5035,
1 . 1 ! 1 nOHWo M. oOO._m zméo Z,O.w- z.ONn Fe: nil; MOA
! " 1 1 _mvzsmbsa. Remarkable percentage of magnesium
1 g 1 | 'yin the form of sulfates and chlorides.( 19/1/57)
50, Uar ! R ! ! ! Important water supplying centrs 60 wm avay from
Mahan 1 R ! e Mogadiscio on track to Uanle Uen.
(+) (104) I 105 ! 61 ! 2,51 4200 (29/1/57)! . |
_ I | Ibr. 3 m ! 2500 (27/2/59)!2- ae ey
(+) (104 v) I 90 1 66 1 3 ! mcoo?o\m\mj 1200 m away: wwoa E.onon. well.
! ! Ipr. 5 m ! 2000(15/12/60)}
P ! ! b 2100 (27/2/59)! |
(+) (104 t) ! 12055 | 64 1 8 } 2350 (27/2/59)'100 m away from preced. well. Chem. An.
! T IDr.16 m ! 3000 (13/8/60)}(25/3/58 - g/1): Ca 0.134, Mg 0.091, Na 0.582,
1 1 !
! ! !
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“ Bovenolo | (1) () ;.0 ;&) 5
! ! 1 1 v
51. Duddumal ! | ! 712 Im SSE of Uanle Uon. The four wells,
No.l ! ! 3 1 ;. - lnow tapped and abandoned, showed exces~
aa), b) ! 70 ! I ! P . ¥sive salt contont (calcul. 7g/1).
c) ! 85 I ! ! v : IWells a), b), c) utilized during oil pros-
a) t 66 1 1 ! Ipecting. Well d)s no water found down
! 1 - ! :o 66 m.
T,u 52. Duanle “ ; 127 " . 61 " L — “ mdoo A._O\m\mwv 6 wa 8 of cpnpo Uen.
(208) ! IR S K |
?.vmu Danla Uen ! 153 ! 50 1. ¢ ! ﬁoo (6/92/56)! 1mportant populated centre 90 km from
- (102) I B - Ipr. 4m Y 4100 (10/11/59 Mogadiscic on track to Baidoa.
. ! - R I 3000 Sm\m\ao:
! 1 | §
(+) 54. Adeiders 187 | — | — 9500 G\m\mov .zmoum.nm&s. ‘8alty, abandoned.
- (314) ! ! r ! |

(+) 55. A1 I 100 !} 56 ! 7 1 9500 G.\..m\mm.v_z km from qmsum Uen on track Uanle
Buralei | ! IDr. 4m ! , }Usn-Adalei~Afgoi. Windmill installed,
(171) ! 1 I ! Fbut well scarcely utilized due to

! : ! P ! . ,. 'high degroe of salinity. Chen. 4n.

. ! e L XMM\*\mm - /1)t hard.: total 208°,
I I ! ! Iperm. 80°, tempor. 128°; C1 2.26, org.
t ! ! ! fn. in O o.owum NH,, NOj, NOp, Fe: nilj
! ! I ! _moa abundant . .

(+) 564 Giamea " 140 " 46 “ abund s “ 5500 ﬁmo\u\&v_zmoﬂ.nEmom.uo... Brackish water. Pump
Gigliole ' r 4 ~. . . yinstalled, but well is little utilized,
(246) { I . { ! . - jespec. in months when salinity increases.
57+ Ologof " +9 J ~" 1 — 1 1800 G\m\mov IN2047130"-B44°50', Dug in hard, compact

B | -4 !

-muo:mogﬁwup% limestones large dia.



(4) e () | N

Temp . 28° (from bottom of vu.maosubpsﬁ% calcareous
jkarstic depression forms small lake.

H 1 H 1
uoamrowo . (1) 1 (2) y (3) i 1
1 1 ! 1 | ! ) .
vtmm.owodwoumn 6501 — I — 1 1800 G\m\mov IN20481-344°52145", Dug in soft whitish
! $ ! ! nmmboﬁnouw%mw. limestone.
1 | ! 1
59 .Uambatti, -y =y = 5000 €5/2/60) zmoma...sio%. Several wells dug a fow
1 i ! 1 _a deep in wou.aaf.os analogous to preced.
» ! | ! ! gone. :
60. E1 ! 2 | T | mmoo (5/2/60) 135 km W10°N of Mahaddei. Several wells
Atfun ! ! 1 ! _nsm in omwowgtgmw?uo:m formation.
1 ] ! !
61. E1 y =2y — | — 4 1500 Qm\d\u.: 41 km W16°N of Mahadded, seversl wella
Gambole 1 { i y 5800 (5/2/60~ _nom In mvreiferaus formation.
1 ~ 1 1 . @40H-. of mm<.—
! ! 1 | - wells) ' .
62. Cot Cot! 2 ! — 1 — 1 :5000 R\m\mov 140 m asoz of Mahaddei, in m%m»?uocm...
! I ! U _Emu.ww formation. A
: ! ! ! !
83. Carale y — ; == | = ;. 4500 :m\q\m,: 36 km E31°N of Mahaddei.
64. Gherbeg! 2 I — 1t — 1 3800 (19/7/57)!32 xm W36°N of Mahaddei. Two wells in
! ! ! I 3000 (6/2/60) :&::E porous limestone
| ! ! ! b rom. 260 !
65. Bl 4d 4y =— ;| — T = .mwoo nwO\m\m.: 26 km swmez of Em.wmmpm».. Several mgHHoﬁ
! .,n 1 " _émwwm dug in formation similar to wu.momn.oso .
66. B1 ! 4 P uaoo Am\m\mov 130 xm N38°W of Mahaddei in grey .uou.osm marly
. Neghei ! ! 1 ! g :wsmmaoso.
! I | N
67. Giblane; — 4 — [ —_ ; . 3000 ?\m\mov z» km N42°W of 55&3. Water springing
| ! ! ! !
1 ! H !
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1 1 1 _H.
L wOH.QWOHm 1 ’ Aav 1 ANV 1 AWv 0 Ahv 1 Amv
! 1 | ! 1
68. Adale ! 4 ! - 1 - 1 4500 (6/2/60) 133 km N24°W of Mahaddei on umun. slightly
Afuen 1 | ! ! Temp, 27° -5@&9% wwsamaosm, diae 2.5 m.
- I ! ! | 1 . . _
e 8 . . . . 'S s e s o . * e o s . . e & -.Ao . o o . e o . 3 D..v
NOTE: The wells from No.57 to 68 wore all dug in secondary formations oosmwmwwbm of "caliche"

of various types, generally in. depressions. Since they are wmaas:wnw‘ it is thought -
that'limited perched aquifers with impermeable substratum are to be found bencath these
depréssions, Wells are named'Galgial wells"; though smwcu is often of woou quality,

it is an stouwmud resource for Dafet herdsmen. .

(+) Guramai

RS
(+) 69. Acao !
(174 b)

(+)
(+)

1
(+) 72. Ghel
Ghel Gudut {
(129)

(159)

A.«.v dbo Qﬁgo
Hober (250

Shuel ey Pup D S eam

110

81

154

57

55
80

61

9_
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Ao_.Oz-...o.o..ﬂ:..! . . . . . .« o e o . . .

7000 (5/12/56)47 km from Uanle Uen on track to Bur

7000 (June '5TMAcaba. Salinity varies, decreasing in
6200 (5/2/60) ldry season. Pump installed but well is

5000 (15/8/60)ipractically not utilized in rainy season.

_
—<wHHmma 12 km from Uanle Uen on track to

jBur Acaba.
— _mmuﬁﬁ. abandoned.
5500 Amm\W\mwv Near wwmam@. :mHH

— _ZNvo.LmAAowm.

— -mo km from Bur Acaba on track to bsmol
: jgle. Abandoned due to frequent col=-
,_Hmwmo of borehole and excessive mmwpzweﬁ.

mmuﬁw‘ abandoned .

— 1123 km from Afgoi on track Audegle-Bur
_>omcw. Salty, abandoned.

7000 :c\m\%:zm,:rg;m_
s

Elev. 106 n,—o



(+)

E x..\»,,r...,. P R R

=59 =
, [ | ] ] .. f - _
Borehols 1 Aav ! ANV | AWV‘ | B ﬁ#v 1 AWV
. L o1 . 1
'75.Cugno ! 1400 I 60 ! —  1410,000 (1/6/59) 140-50 wa NW of >mmcw. Salty, aban-
garre (316)1 ! ! 1 _Qosmm.. )
16. Ewuu.wsm.“ 105 “ 56 " —_ “ - .mm km from P».mou on track to Uar uc.mcl
(128) . { 1 " yble. Salty, abandoned. Chem. An.
_ 1 O y _AAA\AN\WA - g/1): Hard.: total 640°,
T ! ) . _QH (ion) 7.0565, S04 very abundant.

_ 1 1 ,~ .._ _wwima gm*o. very mmHJ?

.km25 ! - 8. ! 60 1 = 1 - IDrilled in 1934, then abandoned.
track du- ! - I ! R . ! w , :
degle=Bur . I. 1 1 1. !

“Acaba ! ol 1 ! R |
1 | S ! ! 4 | .
8. Purwu-, 100 , 70 { 5800 (1/6/59),15-20 kn NW of Afgoi. )
dei ANAO.V 1 1 : ~ S ~ ] , . ¥t . :
19. Audegle! 8 1 - v - _uzm well near river.
80. Pozzo | 96 , 62 , 60 _“_..dmoo Amm\q\muymm km from gammmuuauo in road. ﬁo zuuop.
Murri Ty " yDr.i2 m I

. ! ! pPrele m - ! |
81. Morca ! _— 1 110 ! ~ 1 amoo _zacwm.ma=LQAAomu.iw= m~m<.,awm m.
Water Wells! ! ! !. IFour drilled wells, 160~167 m deep.

1 ! ! ! _aoom quality water: NaCl 0.360 g/1.
_ ! I ! [
82, Fidda |, . 93 4, 60 , 10 - Auoo Ama\w\wdvqm km from Mogadiscio on road to
Gudut (114), Ty Dr.10m ; ° 1200 Amm\w\wmygaacm.
e K 1 1 .
1 e ! g !
1 {- ! ! !
| ! ! ! !
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!

Borshole | (1) ; (2) , ) , (4 L (5)
1 1 ! 1 1 _
83. Coriole! 1 ! ! IN1950'25"-E44°31'16". Tapped and aban-
Fater Wells! ! 1 } ldoned. v
‘a) ! 33 5 1 — 1 — 1Salinity 15 m\H.
b) b33 1 40 1~ ) — ISalinity 4.3 g/1.
c)3wellse ! 430 ! 12 ! — 1 — 13 xm S of preced. ones. Salinity 5.7 g/l.
d) well at ! o121 — 125 km S of wells a) & b). Water of better .
farm | ! ! ! 'quality, used while drilling Coriole 0il
! l 1 ! IWell No.1.
e) ! I 15 1 - 1 — 112 km 8 of well d). mmpwspéw 4 g/1.
| ] ! ! !
84. Dobei ! ! ! ! IFor Dobei 0il Wells No.1 & 2. Tapped and
Water Wells! ! ! 1 labandoned. _
a) ! 30 !} = 1 1 - 1(Dobei 0il Well No.1) Salinity 6.6 m\u.
" b) I 30 8 — I - 1 — .Auocm» 0il Well No.1) Salinity 6.6 g/1.
1 ! } ! ” -
c) : 30 | == 4 = - _Auowow 0il Well No.2) Salinity 6.6 g/1.
a) e — (Dobei 0il Well No.2) Salinity 6.6 g/1.
e) ! 46 - 225, - — ~Auodm» 0il Well No.2) 4 km SSE of Dobei
1 ! ! ! _OHH Well No.2. mw:,::% 2.7 W\H.
botog b 55 1 — 1 2400 (1/5/62) 111,
“ 18 " 17 " —-— " _ — ."‘_._ km W of Muccuidumis. Dug well.
1 ! ! ! !
I 110 1} 48 1 — 1 2300 (26/2/57)}150 xm from aom.mb»mouo on road to Brava.
‘ ! ! I 1300 (27/5/59)!
“ ! ! ! 1500 (2/4/62) !
! { ! 1



ciadidh

rlx"" f

J.l..!

(165)

ldoned. Chem. An. (8/5/55 - g/1)s hard.:

Itotal 720°, perm. 380°, tempor. 320; c1 9457,

53 abundant .
!

- 61 ~
§ ! -1 _ | v H e
_Borehole (1) - AMV . @3) . . (4) ! N )
. . 1 ! | ! _ _
89. Modun ! -_—. 1 - 1 -t 2800 Amm\m\md:m km from Brava. Dug aouu. windmill
o ! ! 1 . :uﬁmﬁo?
. R l ! !
- 90, Malailei, - -~y =~ 4 500 Am\m\mmv zamu. Ro.wcs. At foot of u:um.mas»wou.
. v I | N 1 ~m¢ vo»ﬁ of contact between aeolian
_ : I . I 1 - —nwsm and river alluvium cover. Water
) 1 . 1 _wouooumﬁwsm gu.oc.mu sand collects in pit
i 1 ! " { -azm wﬁ .vumo—n clay.
91. Brava ! NS ~ ! < 1 — “IXm 28 ._mom of Modun.,. wwmd. 48 m..
Wator Well ! B SR ! iChem. An. (15/8/62 - g/1): residues at
No.4 ! ! ! ! 1500°: 5.63 alkalinity (in om of HOL
! ! ot ! ~2\uov 18 cm; wmu.m.n total 156, perm.
. ! 1 ! ! 1128, tempor. 28; NOp, NOy, NHj: nils
. ! P ! I fc1 Qg& 2, Mg 0.396, CoO 0.26, Nas0 2.85,
. B ! H ! S.d wuouos?
} R | 1§ I .
(+) 92. Uaian i 132" 1 32 ;- +10,000° _nmu km on 3055 Gel ib a%woxwwmawwmf md.w:pon_mp.
S ¢ " 1 gAnother well, 100 m deep in same area, was
- ! ~.. - _... jalso mdwamonca due to o.ﬂoomm:o salinity.
(+) 93, Cugno ! 36 t 20 ! —~ '} 410,000 180 xm from Eomca on track to Golib.
. )
Barre ! 1 ! a !Brackish, abandoned. )
: S i ! ;
(+) 94.Malailei, 8o , 28 ;] - “ 4000 “
(209) 1o 1 0 ;- L . .
(+) 95.Borama | 95 "1 50 1 — 1 — 1125 kn From Modun te Gelib. Brackish, aban-—.
v . ! P ! . |
1 ! ! !
1 ! ! !
! ! ! 1



S

- 62 -

——

; » 7 T — =
o Borenole . (1) . (2) | (3) ) (4) ) (5)
(+) 96. Billik I 112 1 32 I —= | 4700 ~ JKm 33 E30°N of Gelid. Chem. An. (6/12/58-
Taleh (194)1 ! ! }  Temp. 32° 1g/1): hard.: total 60°, perm. 32°, tempor.
! { ! ) 138°; C1 1.2; 803 0.34, Ca0 0.19, ¥g0 0.14,
- ! ! ! i INOy, NOp, NH , Fe: nil.
97 . _Baddu “ 16 “ 15 “ " 1700 :m\m\umuuﬁﬁmma 35 kn from Gelib, 32 km on %rack to
$ ) { 1 ugo&s: and 3 km westwards. Dug well.
{
§

.



11) Berdale

Olma

6 -9

9 -~ 18
18 - 39
39 - 49
49 - 51
51 - 54
54 - 64
Cretaceous

13) Avorei

O~4m

4 - 22
22 -~ 28
28 ~ 40
46 -~ 52
52 - 55
55 - 58

. $3 -
Stratigraphic data

whitish, slightly marly limestone with reddish weatpered:

surface;

grey clay;

white calcareous marls, mpnmasmdmsm with thin-bedded
grey clay;

whitish or reddish HHSmmﬁOSm fractured and porous;
white calcareous marls;

r soft and finely porous SmHH< Hwammﬁozm.

light-grey clay;
slightly sandy wpammwo:m. wmwwoeums porous wsn momn..

formation Zsmﬁmpw series.

lateritic sand, siliceous and calcareous;
reddish sandy limestone, initially weathered Anwpunwmv.

~turning into a light colour after a few metres;

slightly marly clay, pinkish and light-green;

green clay alternating with asuwlwmwwoe..memmsts or
reddish sandy limestone; rare occurrences of nSw:l,
bedded sand;

Yellow and reddish calcareous mw&mnm. mpﬁm&smawsm

with green and reddish clay;

slightly cemented light-brown siliceous sand;

black clay (contains coal particles), thin-bedded sand;



58 =

70 ~
82

88 -~

_:m.,.

118 -

70

82
88

115

118

120

- 64 -

gray~-blackish limestone, containing fragments of Lamellibran-
chia, particularly small black oysters; thin-bedded black

clay; grey marly clay and thin strata of compact grey limestone;
grey marly clay, strata of grey marly-sandy HwammﬂOBm. mowwwnma
clay with fossils;

coarse sandstone, greyish and HHQSﬂldBoés. n&uﬁlcmmama clay -
(black and moHmemav and marls (greyish);

grey marly clay, of a schistose appearance and black foliated
clay at a depth of 88 m; from 106 to 115 m it Hm Hsﬁmaomwwﬁma

_ewﬁ: soft marly limestone and light-grey clay;
greyish marly clay, of a schistose appearance, and black clay;

thin strata of soft and greyish sandy limestone;
grey clay, of a schistose appearance, with black foliated clay.

From O to 55 m: Jessoma series;
From 55 to 120 m: Belet Uen mm&pmm. Middle Upper oumnwnmogu.

15) Debi mmawm

0-9m

9 - 27
27 = 39

38 - 48

48 -~ 50

grey gypsiferous sandy clay, slightly cemented at bottom;
slightly sandy grey-whitish marls with frequent occurrences
of selenitic gypsum crystals of a rather consistent type; .
loose siliceous sand (rounded grains) and medium- and nomamml
grained calcareous sand with a few gypsum crystals;

fragments of siliceous iimestone with calcareous pebbles

and coarse quartz sand (probable conglomerate);

Very large n:maﬁn. limestone wsa sandstone wmcdumm.

Age avmmunﬂun ﬁo determine: probably dclta of the Shebeli, Lower emunwwww.
Covered by morc recent amvomwnm.



19) Bur Uen

W . . , ) 0O~6m
M . 6 - 36
w ’ A 36 - 51
| 51275
" 75 - 78
78 -~ 81

- 65 -

sand, gravel and nwwnmamosu mammamsnm.
ewpnmnwmwuoewms medium hard limestone;

grey slightly gypsiferous marl, vith iron-holding -
veinlets;

white gypsiferous marl;

soft grey limestone;

white gypsiferous limestone.

Probably Gabredarre formation .

Well may::

21) E1.Bilal

0 -
4 -

10 -
13 -

19 -

o - . 28 -
40 -

46 -

52 ~

s and
K

4 m

10

13
19

28

40
46

52

55

- have reached Main Gypsum.

red sand followed by selenitic gypsum (macrocrystals);
white porous limestone with reddish veining, thin-bedded
white marl and isolated gypsum crystals; _

white marl with thin limestone strata; A
siliceous, sharp-edged sand, white and reddish, slightly
cemented by marly clay;

basalt incorporating nmwowamozm fragments: and mequmsﬂ
inclusion of a bright leaf-green rock;

dull- yellow, semicrystalline limestone;

light-yellow marls alternating with strata of soft sandy
limestone, whitish or brick-red;

white wpammﬁosm- soft and porous, wpﬁmwumnwzo euﬁs thin-
bedded l1light-green foliated marl;

wvhite and reddish limestone with numerous uwmmun fragments.
(other basalt inclusion?)

Formation probably amﬂmm from Middle Cretaceous, with more recent basalt
inclusions.



- 66 -
23) Xm. 140
0~ 4m reddish gypsiferous sand; -
4 -9 " selenitic. gypsum;
9 -~ 12 marly limestone, reddish and weathered;
12 -~ 17  gypsiferous sand with weathered calcareous soaspmm.
17 - 24 fairly cemented limestone, although porous, m&mwpms.
frequent selenite crystals;
24 ~ 30 weathered limestone, reddish, with nodules; thin-
‘ bedded sand, white limestone at a depth of 28 m;
30 - 34 , reddish siliceous sand, medium- ard coarse-grained;

34 - 50  gypsiferous sandy clay, from light-brown to almost grey, al-
‘ " _ternating with thin-bedded dark-brown marls;
50 - 68 dark-brown and reddish marls, with ﬁSHSlcmaama mwsa< clay;

68 - 70 very sandy marls;
70 -~ 85 sand, initially slightly clayey, then loose msa fine~ and
. , ammpssnmamHSmm

85 -~ 102 ° no samples collected; only mmsmw materials umoo<mwma maos
. boring nooH.

This formation may belong to the Middle Cretaceous. Very poor quality
water (conductivity exceeding 10,000) down to 60 m: this aquifer was
isolated by means ofcasgingand concretelining; the undendying aquifer,
connected with a sand formation, showed an initial conductivity of 5,000,
which after pumping amowmmmma to 3,850 (30.8.60) and 4,600 (10.10. mmv

24 ) Orloe
0 - 10 m brown clay with abundant calcareous nodules and gypsum Crys-—




10
19
28

34
45

52
55

73
97
118

133

-118

+133

-140
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tals; from a depth of 4 m on, brown gypsiferous clay with a
few calcareous nodules;

hard grey calcareous marls, with fair u%vmcs content and a
few thin strata of H»ammﬁosm.

calcareous pebbles, sandy and awuww. and u%wmﬁa nawmﬁmwm in a

sandy-marly matrix;:

marly- sandy limestone, grey and soft, or dwoeﬁums Hsﬁmwnml
lated with thin-bedded marl;

slightly sandy and marly brown clay, »soowvoumﬁpsm gypsum
crystals; reddish sandy-calcareous stratum at a amvns of
37-40 m;

whitish sand, vamaoswsmSnw% siliceous, mHWQWnH< clayey,
coarse-grained with abundant omwowumosm..mmsaw and siliceous
pebbles;

~whitish sand, wuwmoEHSmsdpw siliceous, mwp@ﬁaw% clayey;

dark-brown mHHQSnww mmsa< opmw.‘euns a few thin grey strata;
a few gypsum crystals;

nmwow%moﬁm1mwua% stratum and owm%mwlmpwunmosm mwsa incor-
porating calcareous-sandy vmuvumm and a mme gypsum nw<mwwwm.
low clay content;

greyish auw%mwtamapwnmmzaw stratum, muwapsm HSno @Hmwums and
fairly compact clayey sand;

predominantly siliceous sand, smawsalmempsmm sub-rounded,
pinkish-grey; ,
very coarse siliceous and nwwom%mOSw mwsm.




~

- 68 -~

2% stwmamw cms

0

4

10

16
31

43
49

51

70

97

4 m
10
16

31
43

49

51

70

97

113

aw&wuveoe& sandy clay with a few calcareous soazwmm.
light-brown earth-like marly, sandy and gypsiferous clay;
greyish predominantly siliceous sand, fine- to medium-
grained; .

as at 4-10 m;

predominanfly calcareous pebbles, gradually increasing in -

'size, up to 7-8 mm, clay matrix near bottom;

whitish calcareous marl, whitish wwpsldmnamm wpwunmoﬁm
sand and a few small vmdvumm. :

brown sandy clay with numerous predominantly nwwnwwmosm
pebbles;

siliceous sand, greyish, Smmpzalu%wwsmm wwposﬁH<
clayey, with amupwlmmsaw reddish stratum at a depth of
67 m;

whitish sand, fine- to amapzalmumw5ma. mwp@S#w%.oww%mw.
with mdﬁsam:n gypsum crystals, especially down to 80 5.
and abundant calcareous pebbles from 80 m on;

siliceous sand, whitish, fine- to 3mmu¢5|m&mpsma. coarse
towards bottom; very low percentage of clay and gypsum
crystals; rare calcareous pebbles. .

2k) Lebida Codesa

"0~ 3m

3 -6

calcareous-sandy gravel, slightly bmamsﬁma. and gypsum
conglomerate; .

reddish siliceous sand, a few gypsum crystals and sandy
nodules;



10
12 -

39 -

43 -
51 =

81 -

From
From

O-6m
6 - 9
9 - 21
21 - 35
35 - 48
69

48 -

10
12
39

43

51
81

90

- 69 -

greyish sandy limestone, tending to pink, weathered;
clay incorporating nodules and sandy-limey nodules;
sandy limestone, soft, at times findy porous, greyish
with a few grey-blackish and whitish-to-pink strata;

a few intercalations of thin-bedded owwow&mozm marl

towards the bottom;

reddish limestone, weathered and ammvww mdmnﬁs%ma

with veins filled with white calcite;

slightly sandy brown-reddish clay;

calcareous marl, whitish-to-pink and greyish marls with
a few intetcalations of grey marl (at 63 and 78 m);
grey-reddish siliceous sand, mmp%w% cemented and slight-
ly clayey. : v

O to 12 m: alluvial mosswﬂwos. .
12 to 90 m: o&mnwnmocm. wmpmw cms mmawmm.

8) Ali Dere

dark-brown clay wsoo&vowmnpsm a mme weathered calcareous
nodules;

- weathered reddish HHSmmnosm.
reddish and greyish limestone ewws a mme intercalations

of ﬁ&pblumaama limestone;
marly limestone, greyish, voao:m and emmnsmuma and
whitish calcareous marls;.

- marly-sandy clay gracing into amuwm towards bottom;

reddish siliceous sand, fine-~ to medium-grained, wea-
thered down to 55 m, with mvzsamsﬂ sandy fragments,
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30)

* 70 -

gradually replaced by light-coloured and then mamwwmw sand
with a few fragments iof sandstone;remarkable percentage -of calca-
reous sand and occurrence of clay woemwam bottom.

wwos O to 6 m: alluvial formation. .
qwos m‘ﬂo 69 m, : Cretaceous formation, probably Belet Uen series.

Garas Bargo

0 -4m bdrown sandy clay wsoouwoumﬁwsm quartz and pisolitic no-
- dules (well rounded) and a few calcareous fragments;

4 - 7 coarse quartz sand, white, slightly clayey, then reddish

: with a few calcareous nodules and fragments of sandstone;

7 - 19 mmsa% limestone, fairly compact, reddish;
Am,l;mw ~siliceous sand, medium- to. nomwmmlmwmpsma. fai rly mBOOds and a
T few pinkish nodules of calcareous sandstone;
22 - 28 . calcareous and sandy gravel with coarse whitish siliceous sand;

28 - 37 same as above, mixed with reddish clay and rare gypsum crystals;

4 the percentage of clay increases towards bottom;
37 - 43 reddish clay with a few pisolitic soacwmm and rare calcareous
; nodules;
43 -~ 46 gravel, fairly rounded, Hoomm. calcareous and arenaceous;
46 - 52 = calcareous gravel, whitish wsavmpwm3n9< cemented, with low clay
' content;
52 =~ 671 siliceous sandstme, nwm%o<. soft, greyish; the wm%omsnmmm of clay
- increases near bottom;
61 - 73 siliceous sand, medium- to coarse-grained, mwu@&np% clayey, fair-
1y rounded; a few nodules of sandy limestone;



- 71 =

73 - 76 siliceous sand, very coarse and fairly rounded; frequent calcareous
nodules;

76 - 91 light-brown sandy clay (sand is fine- to Smauzalmumwsma from 85 to
91 m);

91 = 97 compact marly clay with a few calcareous nodules;

97 - 118 siliceous sand, whitish, slightly clayey, fine~ to SmmpcaloﬂmHSmm
with abundant €Sunwms nodules of calcareous sandstone;

118 - 124 siliceous sand, fine«grained, from slightly clayey to ¢layey;

AmblgmuawwwncwoeSQHw%.enﬁ:mnmwom mmsm oosﬁmSnnoavmnﬁ“mmmevmmowwnwo
_ nodules. . .

31) Bio Addo

0 -4 m brown clay with calcareous nodules; .
4 - 10  light-brown calcareouws and arenaceous nodules grading into reddish
siliceous sand, slightly clayey, with rare nodules;
10 - 13  sandy limestone, reddish and greyish, hard, with sharp-edged frac-
o tures, with inclusions of siliceous sand;
13 - 28 ° calcareous and arenaceous pebbles, whitish and reddish, up to 1 cm
. in size, grading into hard and compact conglomerate consisting of
coarser pebbles, the constituents of which derive mainly from Cre-
taceous limestone and ummmoaw mwsamnozm. fair wmaomzﬂwmm of clay at
bottom;
28 -~ 37 wmdvpmm. as above, but not cemented, differently wozaama 3 to 10
mm in diameter, of smaller size, awxma with grey clay mwoa um do 37 m;
37 - 46 1light-brown cldy; - 2
46 - 58 conglomerate bed, hard, compact, consisting om bulky calcareous and
arenaceous materials; loose pebbles and clay at 58 m;
58 - 64 coarse pebble.s in clayey matrix;

1;
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64 - 82
82 - 100

100 - 127

- 72 -

brown clay gradually replaced by grey - HH@SﬁldHoes nuw<. slightly
“sandy, including pebbles from 68 to 70 m;

siliceous sand, mvﬁmloamwsma reddish, epﬁs abundant wmcdwmm from

82 to 91 m; -
siliceous sand, dark-red, medium-grained, Humwnlv&oes from ddm s.

then grey near bottom; Hoﬁsama

From O to 100 m:river alluvium.
From 100 to 112 m: sandy formation, left exposed for a long time,

32) Mir Nagot (242)

0O - 6m clayey- sandy ﬂ@vmowp ., blackish, with small calcareous
nodules;
6 - 33 thin arenaceous crust msa blackish clayey sand with frequent cal-
careous nodules down to 12 m, then scarcely sandy brown clay
(from 12 to 21 m), ard hard marls, brownish and grey (from 21 to
E 33 m) with thin arenaceous crust from 24 to 26 m; .
33 - 36 calcareous detritus and calcareous and arenaceous SOQ;Hmm.
36 - 54 siliceous sand, coarse and whitish (36 to 45 m), replaced by
. sand, fine- and medium-grained, then coarser near bottom;
54 - 65 slightly calcareous sandstone (consistent arenaceous nodules)
v and reddish sand; .
65 - 102 1reddish marly clay, with a few intercalations of mam<wms ou%.
o - a few calcareous nodules. :
Mir Nagot (242 b)
0 - 12 m marly clay, light-brown, slightly sandy, with calcareous, arena-

ceous and marly nodules and detritus, particularly near bottam;

at
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75 - 77
90 - 99
99 -~ 108
3.3) Acab Duo
0 ~-13m
173 - 18
18 - 25

,amaww sandy clay vithmarly sandy nodules, then Hmvywoma‘vw.n

calcareous fragments and small-sized nodules in clayey matrix
(from 12 to 15 m); reddish sandstone wih a few calcareous no-
dules; sandy streak (from 19 to 21 m) followed U% clayey one (from
21 to 24 m) with arenaceous nodules;

siliceous and calcareous sand, medium-grained, slightly clayey;
light-brown marly-sandy clay with a few gypsum crystals (36 m)
then replaced by clayey-siliceous sand, medium- msa oomwmmlmamwsmm
then finer-grained; : .

greyish, hard, compact amdpm ewﬁs a few calcareous and arenaceous
nodules;

calcareous nodules and mmnwwﬁzm. mwmwwms and reddish;

greyish marly limestone and brownish calcareous marls;

brownish marly clay; :

whitish marly limestone;

predominantly muwpomocm sand, fine- to ammwcalmamusma slightly
clayey;

calcareous detritus and small pebbles Buxma with reddish marly
clay, which increases in vmwnmSnwmm and is of brownish colour -
near GOﬁﬁoa.

calcareous pebbles swxma with dark clay.

dark-~brown slightly sandy marly clay; . .
predominantly calcareous gravel, reddish and whitish, semi-rounded;
siliceous sand, coarse, whitish, sharp-edged; scarce calcareous

‘sand;



s

25 -
30 -
38 -

110 -

134 -

30

38

110

134
140

dark-brown sandy nwm%.

calcareous gravel, ammwcalmpnma (5-6 mm), whitish, fairly aozsmma
sandy clay, brown, at times reddish, with m&ma:msﬂ crystals of
selenitic gypsum and limey sandy nodules;

siliceous sand, light-brown, fine- to medium-grained;

brown sandy clay with a few calcareous pebbles.

Data are to be considered as approximate, owing to mnuwam_szavmw of samples.

0 -
2 -

16 =~
25 =
40 -

64 -
70 -
73 -

2 m
16
25
40
64

70
73
120

35) Giliale

0-15m
15 = 20
20 - 35

34) Yar comns.

brown sandy clay;
owunmwmozm gravel with scarce mwsmlmsmusma siliceous sand;

brown momﬁ.wuammnosm"

hard vhitish limestone (chertz);

siliceous sand, light-brown, musmlmumwsma m:vlmsmcwwu. then
wellegrained;

same as at 25-40;

same as at bOlmA

no mmsvunm.

black clay with a few vmcvumm" mwsa (brackish éwﬂmwv. nwm%.éwns
calcareous gravel, sand; ’ . :
sand and gravel (fresh emnmuv. wvhite clay, mum<mw salty clay;
sand (brackish water); hard calcareous sand; grey clay;



35 - 63
63 - 72

- 75 =

no data available;
coarse gravel (brackish water).

36) Jowhar quvw

4 -7
7 - 10
10 - 17
17 - 31
31 - 43
43 . 46
46 - 55
55 - 58
58 - 97
97 -~ 100
100 - 106
106 - 112
awmnmm,om

~black sandy clay epﬁw vamaoauumsﬂww omuomumo:m wmcvwmw (well-

rounded);

siliceous and nwwnmwmozw sand, oomwmm. mww@rﬁww cemented, sub-

angular;

gebbles (3 mm) smpspw omwnw%moﬁw. a mme qucrtz ones, emwplaozsnma
same as at 0-4;

sand and gravel (up to 1 cm), predominantly nmwomwmo:m. mnwwan<
rounded;

sand, medium- to coarse-grained, siliceous, scarcely calcareous,
sub-angular, light-brown; finer-grained near bottom;
predominantly calcareous well-rounded gravel (5-10 mm);

sand and m&m¢mp Asv to m mm), calcareous and muwunmozm. m»pn%
near bottom; :

red-brown marly-silty clay;

gravel and siliceous-calcareous slightly silty sand;

‘fine-grained silty sand with a mme pebbles;

same as at mmlmw

_.mHHpomosm rand, fine- to amawcalmemwsma sub-angula. ; .

gypsum almost m<ms<€smum. _ h . »

Jowhar Amumv

O - 7m topsoil, blackish Quamwwlcdoes clayey, with wc::nmsﬁ gypsum Crys-

tals m:a HHSOSHnun nodules;
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i L L,

7 - 10 light-brown swaa sandy marls with stmmﬁosm oosn&mnRSm. some gypsum;
10 - 13  1light-brown siliceous sand; :
13 - 19  concretioned limestone and vwmowwnpn soazwmm ewns mccsmmzn sand
and gypsum, slightly cemented;
19 - 34 sand, limestone concretions and calcareous and arenaceous pebbles;
very scarce clay and a few gypsum crystals;
34 ~-40 sub-rounded calcareous and arenaceous pebbles;
40 - 46 ash~grey sandy clay with rare pebbles; :
46 -~ 49 medium-grained sand, predominantly siliceous and mwwms-< clayey;
49 ~ 55 medium-grained sand, predominantly siliceous; 35% calcareous and
o arenaceous sand; _ . .
55 - 58  fine grey sand;
58 ~ 64 1light-brown - grey sandy clay with concretioned limestone nodules;
64 - 70 grey-light brown sand, predominantly siliceous, fine-grained;
70 - 73  sand of same nature as at 64-70, but coarser, with abundant cal-
. careous nodules and limestone concretions; rare gypsum crystals;
73 - 79 small nodules, predominantly pisolitic, calcareous and arenaceous,
o '3-4 mm near bottom, small from 73 to 76 m;
79 - 85 siliceous sand, medium-grained, greyish, with frequent w»mouwﬁwo
nx%mﬁmwm. rare m%wmzs o&%mﬁwww.

38) Fak ZOSmama . - | . . . :

0 - q m siliceous gand, fine- to 3mawcslmumu=ma whitish;
7 - 13 arenaceous mnamnzs. sandy, whitish, soft and vowocw. om calcined
. appearance; a few inclusions or HSws beds of sand;
13 ~ 49 very fine~-grained sand, at first whitish, then reddish, slightly
clayey for the first few metres, then with a considerably higher
clay content; frequent calcareous and arenaceous nodules, hard,
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87 -

S
6 -
24 -

49 - 52
52 -~ 64
) .
64 - 70
70 - 79
79 -« 100
39) Gululei
0O~9m
9 . 24
24 - 36
36 - 57
51 = 57
57 - 69
69 ~ 87
105

40 Gabanei

3 3_

6
24
36

- 77 -

‘whitish and blackish;

siliceous sand, loose, fine- to amapcslosmwama HHQSHUdHoes.
arenaceous limestone, hard, porous, soazpwu.,ewﬁs a few inclu-
sions or thin beds of sand;

siliceous sand, slightly clayey, fine-grained, with a few arena-
cerus nodules; :

same as at 52-64;

fine-grained reddish siliceous sand.

blackish topsoil . and greyish marly-sandy clay;

light-brown marly-sandy clay (sand is prevailingly calcareous);
nosuwoamwwﬁm of calcareous gravel, smmpc5|mawpsmm mwsa and light-
" brown marl;

medium= and oomwmmluwmpzma mwupomosm msa omuomwmQSm mmﬁm mwnmﬁswaa
ingiwith calcareous marl; , S AR
conglomerate of whitish calcareous mHm<mH and nmwom&moﬁm swap.
medium-grained siliceous and alternating with nomummlawmwsma
calcareous sand;

oosowoamumﬁm of calcareous gravel and nwm%mwlswuuw nmamsn. alter-
nating with HH@Snlc&oez calcareous marl; :
no samples. :

topsoil; -+ °
fine-grained, whitish mpuuomo:m sand;

_clay with calcareous nodules;
.medium-grained whitish siliceous mm:a




I.Nm.l

36 -~ 51 calcareous stratum with inclusions of sand incorporating large
S calcareous nodules;

a 51 - 60 compact grey clay; .
60 - 66 nomwmmlmsmpumm wvhitish siliceous mmsm
66 - 75 arenaceous limestone;
75 - 90  coarse-grained whitish mwwwnmocw sand with nmwnwumozm =oazumm.
90 -~ 96 compact greyish clay.

41) Tesile

O -6mnm npw<m< .ﬁovmoup

6 -9 very fine-grained €Swﬁpms sand;

9 - 21 grey clay with calcareous nodules;

21 - 30 coarse-~grained whitish siliceous sand;

30 - 39 arenaceous limestone alternating épﬁs sand;
39 - 45 same as at 21-30; _ , -
45 - 54 soft arenaceous limestone; -

54 ~ 63 coarse-grained whitish quartz sand;
63 -~ 72 grey clay with streaks of soft pHSmwﬁOSm.
72 - 81 same as at 54-63;

81 - 96 1light-grey compact clay.

42) Donadiga

0 - 6 m marly~sandy clay; :
6 - 15 fine~ to medium~grained, vwmaoawswznww mwuwomocm. reddish sand;

15 - 21 wu@3nndwo€s coarse-grained sand, v&wQQSHSmbﬂww nwpnmsmosm. mixed
. with siilt;

21 - 27 fine-~ to medium-grained, whitish siliceous sand; . o . i
‘ . :

‘




43

Ay

27 - 45

3..,.3
P48 5
51 - 57
57 - 68

68 ~ 75
75 - 96

Sarsarre
0O -12m

12 - 24
24 ~ 47
47 - 51
51 = 72
72 - 75
75 - 78

Uobamwm,
0~ 10m

10 - 16

- 79 -

medium< to coarse-grained siliceous and annmquSm wwsm alternat-
ing with fine-grained siliceous sand;

coarse-grained calcareous and siliceous sand mixed ewﬁw silt;
very coarse-grained whitish calcareous sand; .

conglomerate of calcareous gravel with sandy clay;

light-brown calcareous marl incorporating a few whitish nmuoml
reous nodules and scarce siliceous sand;

same as at 51-57;

same as at 57-68.

blackish topsoil  grading into light-brown marly clay with rare
gypsum crystals; o . , .
fine-grained whitish siliceous sand;

coarse-grained whitish calcareous sand mixed with marly mwwn.
whitish calcareous gravel; :

fine-grained calcareous sand mixed epﬂs mpwwnmoﬁm sand;

whitish calcareous and w»wpomoﬁm sand;

coarse-grained calcareous sand.

brown marly clay replaced by chiefly gypsiferous sand .(65% gypsum),
scarcely siliceous, with gypsiferous and calcareous well-rounded
granules; coarser sand with traces of mmnosaw%% light-brown lime-
stone in clayey matrix near dowﬁoa. _
marly pebbles, sand and abundant granules and m%wmpmmwosm and
calcareous pebbles in brown nwwwm% matrix;




16

19
n 22
- 28
N
34
37
43

52

67
70
79

85
94

19

22
28
31

34
37

52
67

70

79

85
94
128

43

- 80 -

light-brown silty-clayey sand, fine- to coarse-grained, angular to
rounded, with a few gypsiferous and calcareous granules;

sandy ame with abundant m%vmwmmﬂocm grains;

light-brown hard marl;

light-brown silty-clayey sand, mubml to coarse-grained, sub-angular
to sub-rounded, with brown concretioned calcareous pebbles;

brown marly pebbles, rounded, and sub-rounded sand; _

light-brown hard clay, slightly gypsiferous sand;

pebbles consisting of marly clay, gypsum and white limestone;

silty marl, scarce calcareous granules and eroded Orbituline;

marly pebbles, diffuse calcareous anmd siliceous sand;

silty-clayey sand, fine- to coarse~grained, mccvmsmcums to sub-
rounded, with abundant calcareous and siliceous grains;

HH@Snlvwoes marl with high sand content; predominantly mpwunmozm
sand, frequent calcareous sand, scarce gypsum content;

light~brown clayey sand with frequent gypsum;

fine-grained siliceous sand with frequent gypsum;

light-brown silty-clayey mmua fine- to medium-grained, mzvlmsmzwmw
to sub-rounded.

49 Hadega Zchwmm.

0

3
12
40
46
53

3m

12
40

a6
53

56

topsoil;

calcareous gravel; . : _ .
fine-grained sand; medium- to coarse-grained from 17 to 27 m;
sandy clay; : : :

gravel and sand;

sandy clay; . ; N




56 ~ 60
60 -~ 76
76 ~ 85
85 - 90
& 95 ~ 105
4% Gololei
"0~ 6m
6 -~ 12
12 - 21
21 - 41
41 -~ 62
62 - 74
74 <~ 87
87

46.) Balad 170

b ——

0

6

18

. 36

72

80

- 102

-6mnm
- 18
- 36
- 72
- 80
- 110

- 8% -

sandy gravel;

sandy clay;

sandy-clayey conglomerate with pebbles;
fine-grained clayey sand; :

conglomerate of clayey sand and wmvcwmm.

clayey~sandy topsoil;
grey clay; E :
grey clay with calcareous soazwmm. .

reddish clay with large calcareous boazumw.

fine-grained siliceous sand mixed with calcareous nodules;
medium-grained é:unwmw quartz sand ewws m&m@ﬁmsn calcareous
nodules; ;

medium- and nomamm;cempsma whitish mwwunmocm sand;

medium- and nowwmm:@amusma ewuﬁwms siliceous sand, with cal-
careous nodules.

black topsoil;

fine-grained quartz sand;
reddish calcareous rock;
reddish quartz sand;

red quartz sand;

wvhite aumasHmnma quartz mwsa.




-~ 82 -~

Balad 170 b

O'

a 6-

9 -
27 -
48 -
66 -

6 m

9

27
48
66
70

- .topsoil. , marly, of a @waumw colour at the mﬁumwom. then

of a tobacco nowoﬁu at the depth of 3 m;

fine-grained, light-grey clayey sand; .
fine~grained, pinkish siliceous sand, of aeolian origin;
same as above, but colour is reddish; :

same as at 9-27; .

as above, but of a very light colour tending to pink.

Considering the very short distance between the two wells (a few tens of m),
one wonders why the "reddish calcareous rock " at 18-36 m in the first well
is not encountered in t“is onei It can either be assumed that the
the QCmonvnpoz was made by two persons, one of whom not very competent,

or that there is a (too abrupt) lateral change of facies or a tectonic dis-

turbance..

47) Aual Barei

0 -
7 -

10 -
22 ~

34 ~
37 -
43 ~
48 -

7mnm
10

22
34

37
43
48
51

sandy-marly mamwtcwoeﬁ clay;

ralcareous and asmunu sand, smauzaamuwpsma grey-~brown euﬁs little
silt;

fine-grained, sub-raanded quartz mmza“

fine-grained slightly silty quartz sand with small calcareous .
pebbles (their percentage decreases gradually);

medium-sized pebbles with scarce fine-grained quartz sand;

silt, sand and small calcareous and quartz vmcvwmm“

same as above, with pebbles reaching up to m mm in diameter;

red silt with mmsm and pebbles;,
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nad - Thexn
v ith some uu.u.ﬁuw sanda, grading inxTo !.-NQPJV!»#UJ TOo 63 m) &
MMMMMQHMMM Mwmumm gravel. Percentage of sand increases from 69 m on and its
colour turns from brown to red and light brown.

T - TO3

»

Four. vells were bored at Aual Barrei: their depth is 106 m (well No.193), 125 m (well

No.193 bis), 40 m and 163 m (well No.193 ter). This was due essentially to loss of
.circulation mud.

It is not known to which well the above data ammm%m .
Amv,»wwmo

O:- 4 m brown, followed by grey sandy clay; .
4 - 22 light-brown sand, medium to coarse, with' biotites;
22 - 31 - light-brown sand, smawﬁa. mcdaocuama with muwmamsﬂm of hard marl,
K grey to brown;
31 =34 same as at 4-22 m, wﬁd of finer grain;
34 -~ 43 greyish-brownish marl, hard and sandy with rounded Acmuns grains;
47 - 59 light-brown sand, Smapzs. subrounded to rounded; light-grey sand, fime
to coarse, with siliceous pebbles, light-yellow calcareous Ffragments
o and marly clay; eroded Orbitoline; ‘
59 - 65 same as at 43-47; o
65 - 83 yellowish medium-grained sand; _
83 - 134 grey-brownish clay alternating with clayey sand with abundant
calcareous pebbles;
134 - 142 clayey sand, fine to medium, subrounded.

- mod-msm 18 émwum in >mmow area, see Part HHH Hsdwomzonwoa N
: . Aeuws reference to Bibliography). o H——

-




49) Lancat (160)

(o Jp

-

4 -
10 -

6 -
2 -
34 -

N
2

50 -
62 -
67 -
80 -

83 -
98 -~

110 -~

115 -

4 m

10
16

22
34
50

62.
67
80 -

83

98
AAO

115

118

topsoil ~» Clayey-sandy, denKHwS. with rare gypsum

crystals;
grey-reddish sand, siliceous and calcareous, medium-grained;

arenaceous bed, with grey-reddish marly and calcareous cement,

a few sandy wwamwwm.

greyish, medium, siliceous and nmwomamocm sand;

sandstone with greyish clayey-marly cement; :

gravel consisting of calcareous, marly, and arenaceous mate-
rials, fairly rounded, from 1 to 5 mm; scarce mwsa and clay
content;

hard calcareous amaw mwumwﬂww mmsm%. incorporating @&m%l
reddish calcareous soazuom.

predominantly siliceous sand, white, oomwmm.

sandy marl, hard, greyish, incorporating calcareous nodules;
siliceous wm:a ewpﬂm and coarse, with calcareous and marly
nodules;

greyish slightly sandy clay;

marly limestone, compact, grey nmsapsm to wwswwms mwunswww
sandy with a few sand streaks at 110 m;

siliceous sand, coarse, whitish, with a few nwuom&mnﬂm and
marly nodules; :
siliceous sand, omwamumozm and 5mu~% so@:Hmm and a few

-calcareous streaks.

From O to 98 m: river alluvium; from $8 to 118 m: Oligocene-Miocene?

50) Uar Mahan

O -~ 18 m 1light-grey sandrmarl; _ .
18 - 24

24 - 27

fragments of conglomerate, calcareous marl, calcareous
nodules and crystals of selenitic gypsum; .
very fine white sand and granules of. nocuamHMSm.



calcareocus sandy marl;
fine white quartz sand, very minute o&wﬁomloowozuma awwowdmocm

detritus and rare granules of tourmaline;

calcareous marl with orange-coloured calcareous sand;

very fine light-coloured quartz mwsm m:a fine nwunw&moﬁm sand;
calcareous marl, often sandy;

very fine quartz sand alternating with fine calcareous mmsm
calcareous arenaceous bed;

reddish siliceous sand mixed with whitish calcareous detritus.

light-grey sandy marl;
fine whitish quartz sand awxma with nww%.
medium whitish quartz sand and calcareous ammapdcm.
whitish quartz sand mixed with clay;
medium whitish quartz sand mixed with calcareous detritus;
calcareous marl, often sandy.

. (

dark brown sandy nwm< msmawzm Hsﬁo ‘brown clayey sand;

' fine-grained light-brown siliceous sand;

dark brown sandy-marly clay;

light-brown fine siliceous sand; ’

siliceous sand gradually replaced by hard mmﬂm% clay;

marly clay incorporating arenaceous concretions, a few gypsum
crystals and many minute calcareous nodules; _
small calcareous and marly nodules cemented in num%m% smwwwx. -
fair percentage of sand;

same as above, in dark brown owm%m% matrix; clayey content

decreases and sand percentage increeses in last 3 m;

predominantly siliceous fine sand;

er€5tm%mwwms nwm% with some nwwowemosm 50@¢Hmm.

[ 2 T

27 -~ 33
33 - 39
39 - 53
53 ~ 60
60 - 87
87 - 93
9% _ 96
96 « 105
Uar Mahan (104 b)
O ~6nmnm
6 - 18
18 - 25
25 -« 3
31 -~ 58
58 - 90
Uar Mahan (104 t)
O - 7mn
7 - 12
12 - 15
15 - 18-
18 - 21
21 - 31
31 - 62
62 - 77
77 - 83
83 - 95

. . -
- -




95 —~ 120 fine to medium mwsa.,w&mag.ﬁﬁﬂﬁﬂw% siliceous, mu.wutdﬂ%
silty with frequent small nodules from 95 to 113 m;
® 120 ~120.5 brown clay with some calcareous nodules.

This well had to be rehabilitated after 8 years of operation due to
incrustations in mpwﬁmw which reduced water yield msn due to accu~
scwmdwo: of sand at bottom.

52) Ucmswm

O~ 10m topsoil , Clayey, blackish grading into marly
clay of a brownish colour; fair percentage of medium
and coarse sand; _

10 - 16 = brown-greyish marly-sandy clay with gypsum crystals;

16 - 19 blackish clayey sand, medium mwwwomoﬁm and calcareous
sand; o

19 - 22 slightly clayey fine brownish siliceous sand;

22 -~ 25 coarse calcareous sand and fine brownish siliceous

, sand; .
25 - 28 1limonitized calcareous pebbles (1-2 aav. :
28 -« 40 well rounded calcareous and arenaceous m8w<mw. dia. up to
A 1. Uc cm;

40 - 49 hard marly clay pSnosvowwnHSQ nmwowemoﬁm wmvcwmm.

49 ~ 64 brown marly clay;

64 - 76 vdmmoawdm:ﬁuw siliceous sand éwnw omuom%moﬁm and
arenaceous pebbles; scarce sand oo:ﬁde more abun-
dant near bottom;

76 -~ 79 fine sand, siliceous and nmwomwmozm. clayey;

79 - 82 calcareous and arenaceous gravel with mpsm siliceous

: sand and clay; ‘
82 ~ 91 calcareous, marly and w&msmomocm medew with brown
. clay;




91 — 100
100 -~ 118
118 -~ .127

predominantly siliceous medium and coarse sand, slightly
clayey; frequent calcareous and arenaceous wbddwmm. abun-
dant from 94 to 97 m;

calcareous and arenaceous mHm<mH 1 to 5 mm, fairly sandy,
scarce clay content increasing near bottom;

slightly sandy greenish and dark brown clay with a few
pebbles. Hard compact grey-greenish clay found at bottom
(probably not of alluvial origin).

53 Uanle Uen

0
3
13

24
30
40
54
60

90
99

54 Adaidere

"0
4

16

25

-

3m
13
24

30
40
54
60
90

99 -
153

4 m
‘._A

25

30

dark brown nwwwmw marl; .

whitish calcareous detritus mixed with light uwoés marl;
orange-coloured calcareous marl auds very minute owpnwl
reous detritus;

nmwowwmo:m._mwm:mnmosm.msa marly wmvvwmmu

calcareous and gypsiferous pebbles, selenitic gypsum; .
rather compact light browvn calcareous and @%mmwmm%oﬁm marl ;
sandy calcareous marl;

fine quartz sand mixed epﬂ: npm%m%mwﬁgnwwa small wew5mnmq;w
and gypsiferous detritus; rare crystals of mmumswﬁm~ :
very fine quartz sand <Hﬁs calcareous. gravel; _

fine quartz sand with wEwHH calcareous moawpnzm awxma éwns
brown clay. .

topsoil - , clayey-sandy, blackish;
siliceous silty sand grading into fine siliceous wmsm
whiti sh—-pinkish with slight sand content near bottom;
coarse siliceous sand with a few crystals of selenite
and fragments of whitish and pink limestone; . . .
whitish arenaceous limestone with some crystals of
selenite;




——

30 — 35 Ffine whitish mu.u.u.nmo:»m sand with some. calcareocus 5006,#.@%-
35 - 40 slightly marly whitishbrownish Hvammnoﬁm.

40 ~ 43 -whitish marl; :
43 ~ 46 sandy calcareous gravd, 2-3 mm;
46 ~ 49 light brown clay;
49 ~ 55 calcareous gravel, whitish marly limestone, Hwawﬂ brown
. clay;
55 - 81 siliceous mwsa fine to Emawcs with rare soazumm and
a . calcareous mwwmmwm.
81 - 89 marly clay replaced by sand and then u< sandy marl with
. rarc calcareous nodules;
89 ~ 115 brown clayey marl with frequent calcareous nodules,
thin-bedded pinkish limestone and a few nuwmwwpm of
_ selenite;
115 - 133 siliceous sand, fine to coarse with owwom%mocm :oaswmw.
o Hsﬁm%ompwﬁHOSm_om light brown marl;
133 -~ 155 hard light brown marl with sparse thin-bedded limestone;
155 - 187 medium siliceous sand gradimng into clayey sand of finer
grain with laminae of white weathered mica. :

55) Ai Buralei

0 ~9m brown clayey marl; : .
9 - 21 calcareous marl with small calcareous muwmamznm, .
21 - 30 fine sand mixed with calcareous nodules; traces of gypsum;
30 ~ 60 medium siliceous sand mixed withsilt and calcareous amw&»t.
tus; rare crystals of mmHmSHﬁm. ,
.. 60 - 72 calcareous marl with sand;
~ 72 = 100 sand, fine to medium, siliceous, mixed éws.owpomsmozm frag-

ments and gypsum.

56) Giamea Gigliole

. 0 - 3 m dark brown oww<m< sand with frequent @%ﬁwﬁs 0ﬂ<wﬁm~w.
5 3=6 reddish, medium siliceous sand with laminae of mica;

. . me




¥ 6 —-.9
! 9 - 13
i . 13 - 25
25 - 28
A 28 - 3
31 - 34
34 ~ 46
46 - 50
50 - 61
61 = 79
79 « 91
91 - 109
109 - 140
m
|
| 69) Acao
O ~-6nmnm
6 - 18
18 - 39
38 - 48

brown clay with coarsé sand and gypsum crystals; A
predominantly siliceous sand with a few gypsum crystals;
marly-sandy clay, brown, greyish and reddish, with frequent
gypsum crystals AqusawSH at 25 sv mbm rare calcareous so:
dules;

conglomerate oosmemdwsm om calcareous, u%vmummwo:m and amuww
materials;

reddish clayey sand with calcareous and marly vmvcwmm.

reddish clayey marl with gypsum crystals;

slightly cemented gravel with scarcely rounded calcareous and
marly granules; scarce sand and clay content;

siliceous sand, whitish tending to pink, muﬂml@%muﬁma
calcareous and marly fragments and calcareous-marly gravel (4-5
mm) at 55 m, of smaller size and with swmwmw sand content
near bottom;

marly clay, HHQSw m%mms and &maaumw muumwduw sandy, incor-
porating a few calcareous and marly nodules;

coarse siliceous and calcareous sand with a o~m<|5wHH%lmmzm<
streak from 85 to 88 m;

marly clay, brown-reddish and Hwnxﬁ memm:. mwp@:nw% mmsa< with
frequent calcareous nodules at 97 m, mdzsawSm m%wmzs crystals
at 103 m;

greyish sandy nwww with frequent calcareous soaswmm Adomlgdm _
and 115-118 m) and horizons with calcareous and marly pebbles,
with sandy clay from dmbléuo m; nwm% contains higher percen-
tage of sand near bottom.

light brown clayey marl;

clayey marl and w&mmﬂmsﬁm of éwunums Hpsmmaosm.
gypsiferous and marly limestone;

whitish gypsiferous limestone alternating with n:%ﬁlcmamma
marl;




44

48
54
69
72
84
90

99"

70) Duddumai

54
69
72
84
90 -
99
105

O-7m

7 - 10

10 -~ 22

22 - 25

25 - 53

53 r_wm

56 - 94
‘94 ~ 100
1700 -~ 130

reddish marl;

arenaceous limestone;

arenaceous limestone alternating ewnw thin-bedded marl;
soft calcareous limestone;

wvhitish arenaceous limestone;

whitish limestone alternating with nuw<m< marl;

whitish limestone alternating with whitish and 1ight brown

arenaceous limestone.

brown sandy clay and small calcareous nodules;
fragments of 1light brown finely crystallized limestone;
calcareous pebbles, grey, yellowish and reddish with
'scarce subrounded sand; traces of white gypsiferous
limestone;

wvhite granulous limestone;

clay, silty to mmsm%. HmmapmSldwoe:Hms m%vmumm&ozm
limestone and disc-shaped gypsum crystals;

dark red and 1light grey calcareous nodules with sand;
granulous limestone, light grey and light brown, with

-sandy streaks; brown marly sand from ww to 75 m;

brown clayey sand;
@Hmwums and light dwoéz marly Hpammdosm.

71) Madamorodi

0

10
13

88

70 m siliceous sand, medium to coarse, semi-rounded, whitish and

13
88

97

reddish; calcareous sand and clay content scarce;
calcareous and siliceous pebbles in clay matrix;
Granite-like quartzite, reddish and whitish, then Hmvumnma
by- white almost pure nﬁmunuuﬁm with rare calcareous vein-
lets;

same as above, but weathered;




97 - 121

- 91 -

as above, but even more weathered, of a rust-red colour;

.probable fracture line,

From O to 13 m: alluvial formation;
from 13 to AMA m: Pre-Mesozoic crystalline &oax

'72) Ghel Ghel Gudut

a
2 -~ 4
4 - 19
19 -~ 22
22 ~ 31
31 -~ 43
43 ~ 46
46 - 49
49 . 55
55 - 73
73 ~ 76
76 - 97
97 -~ 100
100 ~ 106
73) Guramai
O - 15m
15 - 27
27 - 30
30 - 48

calcareous and quartz sand, and silt; e
brown weathered sandy marl; . .

coarse sub-angular calcareous and quartz sand;
same as above, with gravel; . -
same as above in sandy marl matrix; mwm<mw decreases

near bottom; _

coarse, msmswwa to mcvlwsmzwma. predominantly asmwau

sand;

coarse feldspate anl quartz mmsa_us.msm< marl;

predominantly quartz gravel, sub-angular do wscswm&.k.

rather uniform sand in grey marl;.

whitish sugar-like mainly mzwdns mwsa angular ao mﬁclmSQSHm%.
coarser sand; .
sand as at 55-73;
coarse sand;

sand with gravel.

© T ag

blackish ﬁovmowuJ mopwoema by &mampms num%m% m&:@ vith
minute fragments of ewpﬁwms HpammﬁOSm. coarse sand near
bottom; :

whitish hard calcareous m&m<mw asmunm m&ms¢wmm. Hznmanml
lations of coarse sand and oamwwms nwmw. , -
coarse, whitish, uniform quartz sand;

nowemm calcareous and acmuﬂu sand mwnmuumﬁwsa with- momn

3



.

48 -
63 ~

63
81

-— D2 -

(rounded) and hard (subrounded) gramules; thin-bedded clay;
uniform whitish quartz sand; . _

subrounded to rounded loose quartz pebbles (1-4 cm) epﬁs a
few crystals of whitish or. wbswpmw feldspate.

74) Cugno modm%

L}

0 -
7 -
13 -
16 —
22 -
25 -
34 -
37 ~
58 -
61 ~
93 -
103 -

135 -

145 ~

7m
13
16
22
25
34
37
58
61
93
103
135
145

154

brown calcareous sand, fine to coarse, mzwlmsasumu to sub-
rounded quartz; traces of white gypsiferous marly limestone;
brownish ¢gypsiferous marl with abundant quartz sand, _mwsm to
coarse, and black minerals; traces of white .sandy marl;
varicoloured (1ight brown, light orange, brownish and eswﬁuwsv
marly-sandy limestone; rare calcareous pebbles;

same as above, but with gypsiferous marl;

highly gypsiferous marl, medium-sized subrounded calcareous
pebbles, fine to medium, subrounded to sub-angular quartz sand;
traces of white marly limestone and rare black minerals; :
light brown gypsiferous marl and fine to medium quartz wm:n
of a light brown oowoﬁ& near bottom;

light brown limestonec;

brownish and whitish gypsiferous marl; .

brownish calcareous sand; fine to medium, sub-angular to
subrounded quartz sand; grains of black minerals;

light brown and varicoloured marls with brown sand from

58 to 61 m, gypsum;

brownish calcareous and gypsiferous sand; fine to amauca.
sub-angular to subrounded, clayey quartz sand;

highly sandy brownish and light brown marl with a few traces
of calcite and quartz grains near bottom;

dolomite with microgranular limestone and 1ight brown smww.
abundant epigenetic chertz, scarce sand; _
light brown sandy marl with thin-bedded white dolomite.

_oamﬂmnmosmwﬁdomﬁoaomémuuv%oumvu<wwwﬁsmmouamﬂwos awﬁmm.mﬂoa
the Cretacecous. :
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vmv wsucwswmw

0 -
6 -

21 -
13 -~
Awq -

6 m.

21

33
57

100

~.93 -

vwmoxwms topsoil with gypsum o&%mnmwm and nmwomumosm :omgwmm.

fine whitish siliceous mmsa ewﬁw fair clay content at 12 m and
from 18 to 21 m; - -

grey slightly sandy- marly owm%. .
medium to coarse whitish siliceous sand with rare gypsum crystals;
calcareous, marly and arcnaceous pebbles, gradually increasing

in size from 2 to 6 mm, whitish clay matrix from 78 to 90 m.

80) Murri well

0 -~ 3m sandy clay; .

3 - 60  sand alternating epﬁw gravel;
60 -~ 75  gravel;

75 -~ 81 sandy gravel;

81 -~ 93 gravel; v
93 -~ 96  clay.

82) Fidda Gudut

0~ 10 S red sandy clay; A L

10 - 30 marly clay with fine to amaw¢Slmwmpsma sand; :

30 - mm whitish sand, fine to medium, with arenaceous fragments.

) piny (neeEBhed” i HE BRERRS TROTASRy R687RRIRR IR
Ohwwmwwﬁz reddish predominantly siliceous sand down to 10'm, mawapsm
A into grey and pinkish fine to medium sand;

24 ~ 43 coarse greyish silticeous and calcareous sand;

43 - 49 same as above, but slightly claycy, scarcely om;munma brownish;
49 ~ 55 conglomerate consisting of sand and small brown pebbles;

55 -~ 61 predominantly siliceous medium sand and arenaceous concretions;
61 - 64 greyish, fine to medium, loose siliceous sand;

64 ~ 82 calcareous gravel (1-2 mm), arenaceous concretions and mwsa.
82 . 85 v

medivm and coarse siliceous and calcareous sand;
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e 85 <~ 91 calcareous and arenaceous gravel (3-5 mm);
91 - 109 slightly clayey sand, fine to medium, greyish,

87) Marin Gubai

O ~5m brown owm%m% ﬁovmoww
5«12 fine quartz-silty sand;
12 = 24 medium calcareous .and fine siliceous muwn% sand;

24 -~ 33 calcareous gravel with sand and silt;

33 - 42 conglomerate of nmunmumo¢m amnwpnzm with clayey amww.

42 -~ 48 clayey sand;

48 - 60 clayey quartz sand;

60 - 85 fine to medium reddish siliceous sand;

mm = 100 reddish siliceous sand muﬂmwsmdwso with wwmumnmozm HuSmmnosm.
100 = 110 calcareous moﬁaudsm in ma®ly amnapx, B

Well was oapmpsmwp< 70 m deep an! yilelded little emnmﬂ. later cowma deeper
and motor pump with a nwvmopnw of 14 cu.m/hour installed.

92) Uaian

O - 4m calcareous and quartz sand;
4 -~ 7 coarse calcareous sand;
7 - 10 calcareous and quartz sand;
10 - 16 medium to coarse calcareous sand;
16 -~ 40 medium to coarse predominantly calcareous sand;
40 -~ 61 calcareous mixed with quartz sand; 4
61 -~ 112 fine to medium predominantly quartz sand, with fair content
. ~of calcareous sand;
112 - 132 fine to medium quartz sand.
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93) Cugno Barro

0
3
S
21

24
33

93) Malailei

o
8

16

49
62

73

79

J..ma

3m

9
21

24
133

3

16

49

62

73
79

85

95) Borama

O -6mnm
6 - 18
18 - 21
21 - 30
30 -~ 48
48 - 60
60 -~ 63
63 - 69
69 -~ 72
72 - 75

dark coloured num%mw marl;

fine siliceous marl with calcareous fragments;

soft whitish marly limestone;

soft calcareous limestone;

coarse calcareous sand with quartz Qﬂm:zymm.

hard whitish calcareous conglomerate, mw:muw mummamunma.
N

no mwsvwmm. .

coarse, whitish, mw»@&ww% clayey mupwomocm mmsa .rare

calcareous pebbles; . .
mmba% clay,initially blackish ﬁwms greyish , ewns frequent

calcareous pebbles and nodules, up to 1 03. . .
soft m&m%wmw calcareous marl; ,
medium-sized pebbles and nodules in sandy-clay awﬁawx.

whitish porous nodular arenaceous HPSmmnosm with a few
lenses of Ffine sand ;

no mmavwmm. .

‘brownish sandy clay;

whitish fine siliceous sand;

predominantly calcareous whitish mwsm
calcareous sand; .

hard whitish limestone;

whitish siliceous sand and omuomamoﬁm mmbn.
greyish marly limestone; .
finely fragmented calcareous oosmwoamwmﬁm.
grey clayey marl;

calcareous sand;
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75 - 78
78 - 81

81

- 95

- mm -

coarse quartz umsa
calcareous and quartz sand;
fine calcareous nosdHosmewﬂm alternating with thin-bedded.
grey marl; S . -

wmv wHHHHw Taleh

6]
4
Q
16
19
31

34
43

52
61

76

94
100

109

4 m
7
16
19
31
34
43
52
61
76
94

100
109

112

blackish clay-sandy ﬁomepH. Voo

greyish sandy-marly clay and grey arenaceous wnﬁmme.
mmsa% clay incorporating calcareous mummamsnm. .
calcareous and arenaceous pebbles- and coarse siliceous
sand;

greyish siliceous sand with nmpnmumosm mamc;msﬁm and vmwawmm,
slightly clayey near bottom; 4

galcareous pebbles: in blackish mwsa% clay matrix;
greyish sandy clay wit calcareous nodules and pebbles;
grey-blackish sandy clay with pebbles gradually diminishe-
ing in size near bottom;

ash-grey numwtmm:m ewﬁ: arenaceous vmuvpmm and con-
cretions;

pebbles and clayey mwsa stwww~H< dark, nwms om a me:nma
colour, with a few soft arenaceous mnamme.

- sandy clay grading into greyish siliceous sand, coarse and -

slightly sandy, HSOH:apsm vmccpmm mwmaﬁmpww increasirg in size
near bottom; .

ash-grey highly sandy clay with pebbles;

coarse siliceous sand with a few nmynmumosmlwamsmnmoﬁw nodules
and fragments mwmawzm into musm mwsa and a few arenaceous
streaks;

greyish coarse numwm% sand with rare omuomamosw 50@=Hmm.
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