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and trenchlng of a selected area‘near Berbera known to contaln déposits ‘

of sulphur, all aiming at the preparation of a. follow-up programme to ‘

& 1!?
be carriednout by th@’Geological Survey Departme of Somalia The G
: v e R

i 2 Y SN W*“‘d‘ S
Plan“oﬁrdbe;ation (as amended lh Jung 1971) called for exploratory work '
v :

A § ..“ar 'h”u?“

2

"-at the’ Berbera sulphur deposits tovcommence”sbon after l November 1969

- I

| £i_ This report provides a record of that*examiﬂation.' It concludes‘ N
_ . ) A o
% ‘that bec&use there are fewer than 1, QOO tons of sulphur scattered .over S

" L) .
n1ne sites, and.occurring 1n concentrations’averaging only 3.4 per cent

R
¢ e \\

' sulphur, no further exploration or ollow-up is recommended in the g

Berﬁera area.




. BACKGROUND

. .
e ’ *??.

‘The sulphur occurrence is s1tuated immediately to the west of the =
town and deep—water sea port of Berbera (approx1mately MS E., 10 N. )

> where it covers ‘an area of 1 sq. km. Two minor outcrops of sulphur-

~ H
rbearlng rocks were found within the town itself, but examination showed

,wthem to be too small to have any pract1ca1 1mportance. o

o A, ; b v ’ v
. .aulphur mineralizatfbn in the Berbera district was first examined
) /o A . v ' S '
by the Cdldnial Development Corporation in 1952. ' Geologists of the

N ‘Somaliland otectorate Geological-Survey repor ed that the. occurrence

: possessed only bout 100 tons of impure material ’pread over an area

of lOO yards square (Pallister, 1957).' The mineral Zation was‘believed

Al

i'ito "have originated from an underlying fault related t¢ the extrusion

~ .

of" the Aden volcanics" (Hunt,‘l960) S ' - S

In the fall of 1969 the. prOJect undertook a re-examination of the '

,i; occurrence, having in mind the proximity-of the. area to the newly con-
5 .{ 5 - - 4
Q;y,{f~;_ stggﬁted port of Berbera. In addition to the one mineralized site known
'" LA '.’*' S RE ’ h .
’ __fsz’ in colonial times, eight new lqgalities of similar, or somewhat smaller, ;

o - N \ \

oo latéral?yxténf were found and these were prospecte by means of trenching,
| pitting and ayger-drilling with‘subsequent sampling of* sulphur-bearing

. material The location of these sites in relation to Berhera is shown .
) x oo . . . "

~ 1 N . .
[N e . |

in Figure 1. _,": : "~ . - , . _,\,, .

; i - R L
P \ ' GENERAL GEOLOGY OF THE BERBERA AREA

| ,\Th‘e sulph

rag ahd coquina imestone which forms the base ‘of a’ raised beach, eight

\\

mineralization is cOnfined to a formation of coralline )

\

‘metres wide'and covered with Recent loose or poorly cemented sand. No \\

-8 : : \\

/
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K »earlier sediments are known in the immgdiate v1cinity of the occurrence,
. p A

although low hill@\composed of S 'ilar reef~yimestpnes and referred,to

. }" - .
. .as. Pleistocene ur-abbut l km o the south ‘ Temporary stream channels'

are incised in the uiphur—bear g sediments to depths ranging from :

-~ -
v 1

o~ 5 to—} metres. They are filled with poorlyxsorted sand and gravel,

N

'3 ‘showing a poorly defined current bedding, and containing chbles up to
ol X U T
30 cm in diameter. Both the mineralized ro\ks and the stream—bed luvium’
“ e ’ 1
are covered by\a continuous mantle of loose sand of. a probable mixed

o L

,i- alluv1al-diluvial origin, interrupted only over slightly elevated out—
y - .
Acrops of hardeq'bulphur-bearrng rocks. Three of the.nine.known sulphur

¢

occurrences are 1ocated to the. north of the escarpmentwbordering the
( -

,raised beach on . its northern, seaward side. They fall within the limits

o

/ L
, ) of the low beach and the- sediments enclosing the mineralization are ‘
i ) A ‘ . . Th
N arkosic san%“*nd;blue gypseous clayt « j
e - EXPLORATION AT SITES 1-9 o

~
Al

e All the known sites, except No. 9 which was - previously examined

-under the colon.al administrat{on, were prospected by‘means of trenching, '

,:

. work done at 51te 8 shows. the typicar geological and dimensional aspects

'
N

In all 622 1in metres of trenches wer <driven distributed be--
tween the- mineraliz d ﬁ&tes as describe g ﬁ\‘~\\\

0y ) K
., -
LY “ S
] 4 L‘

. Site 1 l Fbur trenches totalling lSh line metres
) '§

A

Trench 1-1 and south-east extremity of trench l-§'réach ‘a depth.of*o‘,\

.u

1. 5 metris whﬁle farther to the north-west that 1is towards the sea. theu
) \ - )

. &menches are 0.5 metre deep owing to~:ge shallow—lying water—table.

\ 9
. N a - 0y
- T A ' . . : ’ *
‘.-O_ it . T = . v
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v Site Lo Five trenches m&hing a total of 67 line metres.
) The depth of the trenches is generally 1 metre, but somewhat deeper

over a few short intervals,'

' ite 3. Two trenches making a total of 23 line metres. '

‘Site h Fo Mrenches totalling 46 line metres. y o L Y\\ ,

..Sites 5, 6, and Ta. These.are very closely 51tuated and at first

they were believed to be outcrops of a'single deposit They were

' pldtted together and regarded as a 51ngle prospecting area. In all,.,f'

-~ é - ' v
10 trenches, making a total of 197 line metres, have been driven. The -

. n-"
- 1

trenches are about 1 metre deep on an average, ranging from O h metre
'to 1.5 metres\although in certain places, particularly near the boundary :
of an ore body, they are 2. 5 to 3. O metres. Attempts to)drive similar
deep_plts in the centre of individpal ore bodies failedvowing to ‘the
'extreme hardness of the rocks and the lack of explosives.,

In ‘addition, ‘three - pits were sunk on site 7 for sampling purposes

,

and 2 pits north of 51te 5 for the purpose ‘of follOW1ng the miniralization
northwards.e "‘ - | -~\N ‘ | ‘Et7 .:

Site 7. This site appeared;to be the mo;¥ pr?mising, and ;tvas.there-
‘fore_covered by a faf?ly.dense grid of augeridrill-holes.‘:They'cut

AN

mineralized rocks to depths from the surface of 5 t h metres. Some

r's - ) \ ‘
holes intercepted thin zones of poorly mineralized rocks at greater
* depths., .- C - - RN
‘Site 8. Oecurrences of sul"ur-bearing sediments were found in the .

course of the prospecting work, and subsequently fiveftrenches.\totalling

“'ﬁ'

135 line ‘tres were driven with a view to tracing mineralizatibn between

‘.

the outcrops (Figure 2) Unfortunately, the trenches were not completed

1
s



for want.of time and have given no conclusive result, However, it’
'v3~i appears that the ore bodies are not connected and that the total
kﬁ’ area-of mineralization is rather limited. |
pling. All mineralized rocks in the prospected area were system—
atically sampled., - Those cut by trenches and pits were sampled by
: meansvof.vértical channels down their walls. The cross-section of
1‘: the channels measured lO x 3.cm; the length depended on the thick--

ness of the lithologic unit sampled but.none exceeded 1 metre.

e

Material from the auger-drillholes was also collected, generally one

k.
sample from each hole, and, where p0551b1e, ‘1. S-metre intervals of the
holes were sampled separately._ Because it was soon evident that any e

exp101tation of the sulphur of Serbera would involve development of

>
- all sites, the.sampling records;and results are given in_terms of all

L 4

* nine sites as.a whole rather than site by site.
~ | HOST .ROCK

The sulphur mineralization in the Berbera area is confined to

- various rock types, including limestones, bedded liméstone-gypsiferous

-

s.cbands; grey raiﬁedrbeaehlgandstones and later sandy accumulations.

Limestones include a coquina type, coralline rag and a -medium to fine— X

L4

=~ grained massive,variety made up of grained»ealcite with an admixture
of detrital}.rounded, quartz and feldspar grains which can be more

“app'opriately'termed'calcareous‘sandstone.' The. reef limestone cons1{§s

of coral fragments with interstices filled with calcareous sand Cé;\i
-- limestone made up of shell fragments occurs as thin lenticular interlayers.

Thin layers of fine-banded gypsum intercalated with fine-grained lime~

stene-occur sporadically on prospecting.site 9. - -



Uy e
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The raised beach—sandstone is.of compact massiwe\type, co;posed of i",:
well—rOunded ~sorted quartz and feldspar grains with a considerable;/\‘
, admixture of magnetite. Zircon and monaziteowere~npted in accessqry
quantities. ‘ i .
— Alluwium of Recent age forms linear bands along stream-channels."
It consists of loose and poorly’sor\éd\aig\places—ob;igpely bedded,
sand, enclosing thin interlayers of grit and pebbles and individual A'fvi.
cobbles and Eoulders of 1gneous and'metamorphic.rocks which are scattered
throughout’the:succession. ‘The entire assemblage of sediments‘is capped
by a more or less continuous, thin mantle of loose Recent sand,iformed
by the action of a water runfoff ‘that does not follow well-defined
channels but, owing to the generally flat topography, spreads more or-;
less unirormly over»the area. On the seaward flank of the prospecting
area’dark bluishfgrey clay and loam predominate.'
| MORPHOLOGl? OF ORE BODIES &=
. The mineralized rocks in the proapecting area usually make isolated -
depos1ts isometric or oval in plan. In many cases, the shape of an ore
\body is outlined on the surface by a, band of dark grey to black material
',l to .5 metres wide. Such bands are interrupted only by Recent,stream

, ®on T ' . : ' - .
. accumulations‘and by'wind-blown sand. The smallest outcrops are round

L3

.and measure a few. metres in diameterr'whereas those of prospecting sites‘
1 and T are oval with their short axes ranging)from 20,to 40 metres and
‘the long ones reaching as much as 50 metres.‘ The band of black material .

is altogether absent on site 8, whicn is underlain by coralline rag and
Nl
'massive~gypsum. ]&i"~ o . R

- v . . [ * p .
L] ‘x, . S * ,
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In~rerticai séction,vthe shapes of the mineraiized'zgpegrarelf
1rregular, some being flat and horizontal, vertical or e;en steeply
dipping and others fingering into the surrounding rock. In general
the ore—bodies look like irregular pods, while near the surface they
show more definite dome-like outlines?j;in many cases_the trenches )
did not reach the base of the ore-bodi although‘they are more than

'3 metres deep at thi’s point the rock is so hard at depth that the

trenches and pits ‘could not be deepened without blasting Judging by‘
L

the. results of auger—drilling, few of the or -bodies ‘are as ‘thick as

N -
4 metres and it 1s most probable that the hardest rocks occur at the
base. Drillholes ‘also cut thin»(BO-SO cm) nticular zones of.sulphur-

bearing rock at depths of 5 and 6 metres, but these are small’and of
little"value; éuch a mineralized aone, however, might be'only aboutv ‘
1 metre'thick; euen.less in some sections. Thus the lower limit of \
the sulphurbbearing zones is irregular. However, the average thickness
¢ of the ore-bodies throughout the‘area can be estimated,as 2 metres.
STRUCTURE AND COMPOSITION OF ORE BODIES b
All the ore-bodies examined except Site 9, show a marked similarity
. in their subs tidl composition and internal structure: As mentioned
.above, in the gene desgription of the area, their outer zone consists
of black, massive, rather hard rock which was, identified as bitumen—
cemented arkose sandstone. The bitumen forms, coatings on rounded detrital
grains 'of qua.rtz and feldspar and fills the interstices. The thickness
: ' ¢

- of the bituminous zone ranges from a ‘few millimetres to 10 cm. In the

latter case the zone consists of a series of thin bands,‘2 mm to 5 mm

~ : ) - ¢
! - . Y . ¢
-
- N



thick, of black, highly bituniinous,‘material /*’separated by 3 to 10-mm
Nintervals of a less int sely coloured-sand ' On the surface the- band
reaches a width of up t:\b 5 metres,.and in some cases minor amounts:/
of . bitumen are present throughout giving the sand a g;ey colour’ ?‘
Further inwards, the bituminous band is followed by a calcareous
-"zone cons1sting of white, fine-grained calcite. In many cases this
~ zone shows a fine-banded structure expressed by thick zones of pale-'
':yellow to reddish-yellow sandstone with only a minor admixture ‘of calcite.
The detrital component of the rock is essentially quartz with subordinate
amounts of feldspar grains and rare feldspar pebbles.'~ m
‘The banded structure of the calcareous zone is this the result of
_replacement of primari calcareous zones: Disseminated grains are present
'of a soluble mineral‘of salty-sour taste, provisionally identified as «L
thenardite. This absorbs atmospheric motsture, giving rise to formation

]

of an acid, presumably sulphuric. The calcareous zone ranges in thick-

N N

.'ness from 20 cm to 2 metres but throughout an individual ore-body it

is continuous and uniform in thickness.

This zZone passes gradually into a contiguous zone containi\g a high»
proportion of thenardite which lends the rock an orange colour. \It is
; actually this rock that gives rise to the formation of sulphuric acid
A.The thenardite zone-is not-uniform in thickness, even within the same
‘ore—body, nor continuous, and it consists of a series-of bands, lenses
2 ang;irregularﬂy shaped aggregates ranging in diameter from lO cm to
2 metres. The detrital component of this rock. consists of quartz and

feldspar, which are common to every ore—bédy ? ) ) ' N ;7. | \\\\

» . .. e .
. ) *e ., .
~ . ,
. . v - . v o,
| \ ‘? » | —iy\ .
\\ - . . . A
, 3 e . . . .
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The mineralized or sulphur ‘zone is confined to_jhe inner part of
each succession of banded‘!ones described above, It consists of
calcareous sandstone carrying more or less uniform poor impregnation

. of coarse (2-h.mm) grains of native sulphur, Against this background

of poor mineralization, there occur certain. irregular blocks of similar

i

‘sandstone rather densely impregnated with sulphur. hZones of com-
: f.ivparatively rich mineralization occur in which only a few detrital grains

- and some calcite and gypsum are to be found Irregularly shaped
. : .

e . . . ’ - ‘ .
‘lu‘stgregations of‘the orange—coloured,soluble mineral thenardite are

present in the inner mineralized zone of ore-bodies.

"

‘\ The structure 6f' the mineralized sulphur zone is ma551ve. In places, .

‘e

"~ poorly banded structure 1s discernible owing\to certain“strata being
mineralized; As a whole, the mineralization_is uneven, and'comparatively

'j’rich zones alternate'with pdorly mineralized or barren ones, Prospecting
) S—
site 9, reported above to.be somewhat different from the other, is

s

RN /actually composedfof corraline rag;with minor interlayers,of coquina

\\\‘limestone._ Both varieties are cemented with a calcareous meterial and

;matérial.»\Gyp \ous.bands 10 to 30 cm, thickfare interbedded in theA |

ormation. \The mi ralizatiOn is rather poor and uneven. B

W‘wSampling results . T\\

“o
, The average (arithmetic) sulphur content, calculated from the -

—

/results of Tl analyses was 3 4 per cent S, the- absolute values ranging

N 7

/

~

from .2 per_ggnt_s_t_lié per cent S (see Annex) 'Only seven samples '

,exceeded the value of 10 per.cent,.being,absolutélyAanOmalous/as/compared[

.



\ s S
 to\the bulk 6f the samples, and keeping in mind that most of these

el samples erEQszgtsimiiar iength one can—safely state that the

’.'...A

proportion of high—grade ore is- Very low and that the general tenor

s » o N
of ‘the sulphur-bearing ore is also low. L. ; S ~

»

As far as the tOhnage'of the sulphurbbearing rock'is concerned :
) N ;
,the following figures, showing the extent of the mineralized sites )
in Square metres, are relevant.

site = . . " Area

1 . 1,824
S ,. o o 2. | 150v
'l 56
4 212
5 2l
6 W
. 1,352 K
\ ; 8 900 - . .o )
9 . . 2,32k -
: Total . 7,110.square metres < - . '
;i The arerage.thicknéss, ceicuiated~on the hesisiof all trenches ‘_'“g

\a.nd drillholes, is approximately 2 ‘etres. Thus the total ‘tonnage of
the sulphur-bearing rock amounts to 7, 110 X 2= 1h 220 cu. metres,
which at’ specific gravity of about 2 and sulphur content of 5 i per cent

.will make : | r'*~ S,

\\\\ 14,220 x 2 x 3.4 = i0967 ‘tons of sulphur

100 N
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Conclusions

-~

The occurrence is of no ommercial vaiue and no further exploration
is recommended in the Berbera are ; However, keeping in mind that the
geOIOgical conditions similar to those at Berbera prevail over a long
‘stretch of the éhlf of Aden coastr attentlon should be paid by the
JGeoldg}cal Department to anx.flndings of native sulphur in the area.
’Other suiphur deposits may be found along the Gulf of Aden. - “ \*h

LN
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Annex
CHENICAL ANALYQES OF BEﬂﬁERA SULPHUR. SAMﬁhES
Chemical assay performed by Rdgértso Research Nineral Technology

‘ Limited, North wales, Unlted Kingdom

Sulghur o | Sulphur T ~Sulphur -

Sample ~ (per cent) ~ Sample (per_cent) . Sample (per cent)
1 .05 25 o4 - ° 48 0.2
2 -~d(o.6i 26 33,0 2 49 0.6
i . 0.2 2g 25.0 =~ 50 . s 0.2
4 e . - 28 _ 0.7 - 51 0.2
5 . 0.2 *\wff//// 29 ™~ 0.3 52 0.3
6 52.0 . 30 : 0.2 s 53 6.5
T 1.1 31 . 0.7 5k 0.2
8 0.5 32 0.2 55 0.6
9. 53.0 33 \0.2 56 0.2 -
. 10 1.3 3l 3 57 0.2
11 0.2 35 4, 58 14,6
1 0.5 36 0.6 59 0.2
14 0.2 37 0.2 60 0.2
s 15 0.4 ¢ 38 0.2 ' 26.0 -
16 0.5 39 0.4 2%\\ o3
17 2.4 40" 8.4 63 0.9
18 0.4 ko ok 6l 9.7
19 31.0 Chp < 0.3 85 0.2
20 0.5 L3 0.4 66 . 0.k
21 0.2 Ly 3.9 67 0.2
22 0.k .45 0.2 68 0.4
~23 0.3 k6 3L 69 - 0.2
2k 0.3 47 - 0.3 70 - 0.3
: o \n 1.0

<
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