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P T
T In November 1965 the, Umted Nat1ons General Assem,bly dec1ded to -“"f‘ TR
BT "j ;’ _.merge two’ ex1st1ng development operatlons—the Expanded Program e’ .‘_i ’ﬁf,' ; A' R
L “,‘.’,_. of Technlcala‘ a#c6. (established in 1950y, and” the’ Spec1al Fund. - 0t )
o YT (established in 1959)—1nto a single-entity how. known a§ the’ Umted LT e
LS ‘,. Natlons Development Progra‘mme (UNDP) The merger was accom— N R A
LT pl1shed in January 1966: . o : '
A y T’he UNDP (estabhshed in acCordance w1t'h resolutlon 2029 {XX) of e
the Unlted Natioris General Assembly) séeks to advance the development P A
;' -of human- and natural TeSources by conductmg, An assocmtlon ‘w1th '(’
Government elected prermvestment and teChnlcal»a'SSlSt&HCE RIOJe'ots,- / : l;;:
-",,Pr;e-lnv%%tment prOJects “incfude” resource surveys~ and"feaslblhty ﬁtu 168, L

to dzétermlne'fughere 1nvestmentn§ pract1cable ~amd’ how: i mey‘lbe maﬂe B

productnve the foundmg and str ngthenmg of permanent educatlonal
3 it f

,T‘UNDP normally meets the cost of 1nternat1onal personnel of fellowshlpg.«': ,,
.for the training. ‘of scounterpart’ personnelfand of .equipment 1mported_,';*'- T e
“frorm- ab!‘oad "The Governmentreﬁelv‘mg aid normally contrlbutes goods,_' L
supplles and serviees that can be meét from local résources. - o :
Sy v EIJ. The. 1mplementatlon of pre—mvestment p];'O_]eCtS is entrusted by the;i-';,;_ Foow T e
s s UNDP t0 ne of the agencies of. the United. Natlons famlly, Ywhich in the, S AT

U 'cap‘ac1ty‘of & ecutlng agency then becomes respons1ble for the recrult-"" * S
<.~ ment of international staff, the instruction of local staff and the conduct 7 o
o “.of. Work in the field. Upon complétion of the prOJect the executmg agencyl N
LT submits a, ﬁnal‘report describing the work done, evaluatmg the results B R
R ,' and recomniending future'action:” . .7 7w Sy oy ‘~-‘,_j el
A \ - Since January 1964 the Government of Somaha, with“the\help of R
— the United Natlons and UNDP has- been engaged ih a ‘mineral and
= groundwater survey. The interiin reportrrecords the results of phase I
- of. th1s collaboratlve endeavour._ L e >
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In J anuary 1962 the Umted Natlons Spe(nal Fund (after J anuary 1966 the Unlted E .57;,;' ]
 Nations : evelopment Prpgramme) approved the-request. of the Government of A _
Somaha for an investigation of the_ occufrence of 1ron-bear1ng rocks in the: Bur f oo e
R ' “area. Recogngslon of this and other closely related needs resulted in a Plan’ of B
Operatlon signed on 22 December 1962, which prov1ded for the development of R
o ‘a_Somali geological. survey department and surveys for ather" ijnerals and _" o o
S groundwater in-addition to the search for iron ore. A.total of $US 874,300 was -+ JUNAT e
. " earmarked, of which the Government counter art contrlbutlon was to.'be the : S A
equlvalent» of $280,000 and the Special Fund contrlbutlon was to e $594 300.
oo I June 1966, the total costs were rev1sed to $981’268 bf Whlch the Spemai Fund
L T was tor contrlbute $649600 R - . A; S
VIRY S .- Investigation of theiron occurrénces in the Bur area dlsclosed potentlal reserves D
: : of 170 million: tons of ore\Analys1s of theore distribution, oregrade, ransporta--v‘ R S
SRR t1on and beneﬁmatlon requlrefnents, however howed only, 33 mllhdn tons of AT
L .'L j-Li marketable ‘reserves which,’ furthermore, Coy Td‘ not- be proﬁtably mlned No
o deveIOpment of, these deposits is recommended for the foreseeable future, -7
—An aerial survey outhned 38- radloactlve anomahes ‘within a roughly rectangu- T 3
lar ared. of 10,000-square kilometres in the Bur area. Ground exploratlon of one, . "4 T
- the ‘Alio Ghelle anomaly, found ore. bodles of “highly albltlzed*rock contalnlng e
+"=8.809, Th0,; 0. 12% U;05;'and 0. 0809, Y203 Simple gravity: beneﬁclatlon process— S R
-‘ing gives a- concentrate contamlng 30.0% Th02 and 0.839,. U308, wrth Tecoveries N
-“of 63.39, and 53, 2% respectlvely, Whlch is amenable to leachmg and separat10n~~ T
Four additional radloactlve anomalies’ Were located on, tbe ground 1n contmuatlon e e
cof Aho Ghelle. Fo]lowmg these ﬁnds the Bur area Was glven over to concessmns T RN
‘;"i 4 and‘the project Wlthdrew from the area.: SO , SN id e, M
ST A country-W1de survey Was made for baux1te but on ' low grade and 1rregular SR

/ \_ e it

\ to be poor AT - f.;;\;‘:_( o
P ‘r " A deposit. conta1n1ng"79 per cent sep Ll
for hlghly refined manufacture ¥ ’;n@ay be fof;?'?“mdus’tr_ ) use and 1t deserves STl

further 1nvest1gat}on B | A
%\A TR . . ' }‘“ B . j'g‘_ p ) . B g 0
l% ‘ x - 3 o, par L o i
1; e M . 4.",.&“ :h - .
| " ANRRE ST / T R




X

. water techmquesx e - s

the Bur Acaba basm and the area. around Ch1s1ma10. Consrderable potentlal :
Water reséurces exist in the fissure systems of the basement rocks; in the Jurassic” ER

hmestones, n; accumulatlons of surface formations and in rrver underﬂows Infr
' "i 3 order to develop sufﬁc1ent water. supphes to meet, future needst is recommended

that a permanent -Somali groundwater sectioh ‘be estabhshed to 1nventory the -
- resources;:assist the Mlmstry of. Works and to traln Somah personnel in ground-

.A second phase of the prOJect to carry out addltlonal mlneral 1nvest1gatlons:
1n/the northern provinces and to contlnue the groundwater survey, was-approved:
by the Govermng Council in January 1968 h1s report covers act1v1t1es of- the

ﬁrst phase only (throhgh February 1969) R \., P TSR
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A GEOGRAPHICAL BACKGROUND e
The Somah Repubhc (Somaha) covers an area of 638 OOO sq km comprrsmg both
the tormer British Somaliland and. Ttalian Somaliland. It achieved 1ndependence
“on'l July 1960, To’ the west-and south lie French Somaliland, Ethiopia and Kenya.
- To the north: and east, its 2,800-km coastline follows the Gulf of Aden and. the
Indlan Ocean (figure 1)."The country, 200 km to 300 km wlde, is in-the shape of

1,500 km long, pomtlng southwards. - o
.To the north and west; hills rise:froni 1 500 metres to 2 500 metres towards
the Ethloplan hlghland but-the ground drops sharply towards the southeast

’ where a plateau descends by steps.-to the sea. (figure 2).,

- The nérthern two thirds of the country consist - mostly of barren sand and

. rock W1th little agrlcultural fland The dralnage pattérn is typlcal of aridcondi- - _’
tlons, ‘with dry stream beds subJect to sudden ﬂoodmg, often losing: themselVes .
" in local depressions. Temperatures often reach 45°C from May %o September byt —

the winter months are cool. The average annual rainfall is 100 :mm.

SR ’The southern third of the country is. dralned by two rivers or uebzs the Glub’a
o Whlch is perennial, and the Scebeli, which is seasonal. Both rise in the Ethloplan -
e h111s ‘and flow southwards towards the Indian: Ocean The area cOntalns good

* potential farmland, especially between the two rlvers, _but is stlll large]y covered
by thick, thorny . serub. gt

The ‘climatic pattern e well deﬁned From m1d December to mld March t"he '-
dry gilad corresponds to the north-east monsoon ‘From - mid- -March:to mid- May, ,~ )

- ‘the gu brings heavy rains and hlgh temperatures Fiom nnd-May to the end of

September, the: kagaz cprresponds ‘to the south-west monsdon, . with.a shght rain- - B

“fall on the southern coastal belt. From- October. to. m1d December, the ‘der marks:
the return of the north-east monsoon Wlth a second ramy season less pronounced
than the gu: . e : -

‘In the south and along the northern océanic coastal plam temperatures remaln

s ~around 30°C ‘while in the hIghlands they vary seasonally between 5°C and 40‘*0

Annual ralnfall averages 600 mm 1n -the southe‘rn river. area
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A B GEOLOGY ;l
P :";Somaha const1tutes the easterrr thlrd Of the trlangular north-east Afrlcan struc- B

(" tural hlack which is limited-on the’riorth by this Gulf of Aden fault,’on the west by . .. .

. ‘the Abyssinianfault trough and on the east by the Iridian Ocean (figire 8). Through-- _ = =%

“."- “out: most.of: the northern part of the country, zock exposures:are “excellent, therex “

e ;,:belnrr httle or no topsoﬂ but in the: south‘outcrops are rare, and‘a thlck featureless, S e

I eluvral mantle extends over -great dlstances, covered by dense thOrny scrub Lot T

S ‘of the country fall into’ three categories: < S
e O i (a) Basement rocks probably Pre- Cambrlan, mostly gramte and assomatmns of

e ~ 1ntrus1ve and’ metamorphlc vocks; = ot ' T

R “ (b Mesozow (Jurassm and Cretaceous} and Tertlary sedlmentary consohdated Rt

T T 'rocks B S L e B T I W

B it ;'.’i(c) Quaternary duEne sands,'"’ ] uv1um eluvrum, and coral reef rock predomlnently“ el S

77 - unconsolidated. e » S TN
.-+ The basement; rocks crop out extenswely in: the north and 1n.,the basms Of ther.

i Gluba and Scebeh rivers. Here they cofistitute: most: Of the Bur area (plate 1), Whlch L L

v, isovalin shape and elongatedtowards thé north-east;it les af- 42°45’E and between RN
S l°30’N and 3°20’N 100-250 km ' from Mogadlscro ‘The basement formations con-

S neasis tinue ‘westwards. 1nto Ethlopla ‘where they coyer - large areas, To. the east” and T
R fsouth-east they have been fsund i’ oil wells at depths of 3, 000-5, 000 metres. In’ ﬁ

w0 % the'South-west, these rocks consist mostly of old gramtes and gnersses Inthe north.

e T they are represented by gramtlc pegmatltes and by’ the metamorphosed qua‘rtzrtes,

R NI e 'fphyllltes and schists o &Rt.he steeply dipping “Inda. Aﬁd” ‘séries. Both in noj ‘thern
. ‘and southeérn Somaha,» ese basement roeks ha’ve been 1ntruded~ by more recent
< grarntes, d10r1tesf sr‘nal gabbro-phags and quartz porphyrles '

. ' These intrusions are ‘beheved to be O~ ‘
e mineral. occurrences of the country. = /N
-0 7. Thé“erosional surface of the baseme o _r',“s is Overlam by Jurass1c i estones, |

gt S, marls, sandstons and arg1ll1tes Whlch:’v e'Wlde-spread in south-west™ Sohsavh and'f g

DL ‘0 the ofheast, they: d1sappear under th1c,k forma-‘r.
% tions Of the Upper and Lower jretaceous

'*,

aselves overlain by a. thick series of.

R ;.;: _ Mertiary ; sandstones argllhtes and hmestones tha ha\te inr places been dolomltlzed'l-f';; TS P
RN ';‘v«and siliciffed. . . oLt S e : =
i o Recent” (Quaternary) alluv1als and dune sapds are Wldespread along the coast' ER ‘

LT ;; r"Of the Indlan Ocean and in the central area 0 former Br1t1sh Somahland e # .‘_, :
"’.‘;‘.“ . ." o ;.‘__7:; @ :, o o 4 S ,'4,n7-_0,.;, V', ) Q‘ » :,-.m < o .

- P
5 a Lt - . AN -, L . - . . e 0" - . . -
S S N - E [N - ST AR/ : S T Saee -
Sl LRI ” Wi B -3 el e P - : o RN
s oo g L, . oo R e e T e e LT - .. . T B N
- - . BN e e e R . -

'. . AL . - e ) " BN 3

" Lt PN s a -

.C PREVIO’US GEOLOGICAL AND GEOGRAPHIGAL COVERAGE e e e

o ;,rvew | LD s g SEaRS
A ,, Northem So;nalla - e :‘If - »-} iy e AT e B B
.. : i - "

g Northern Somaha was extenswely studled from the. second half Of the last centuryj N
a by the. former ‘British Gealogical Survey of the Somaliland Protectorate. Systematic.- ..

; , o r explm ation, by.Farquharson.ini 1924, was eontinued in.1933 by Macfadyen, who = Hh
ek ' pubh shed g geolo‘gmal ‘map, to a scale of 1:1,000,000 arid dutlined theé: - geological- e
e stru‘cture and mlneral €S0l rces Bettween 1952 and 1961, the Geologlcal Survey' ' o
L ., prepa the area, tO a scale of 1 125 QOO ar}d prospected the maln :
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e dlverse auth ,sh;p of the oy g1na1 survey sheets P e
L e 7In the 19405, n Somalia wag ‘coveéred by a%rlal photographseto a scale of
et e e BV T 20 OOO and 1 42 OOO the latter by the Unlted States Alr Force The sedlment’ary ~
R : 000 km ere thus surveyed and mapped to a scale of 1 50 000 around\ the Daga e :
e 8 Shabell howmgs southi-east of Berbera. The central;and southern parts of the' s
e e vnorthern drea were surveyed to a scale of 1:250,000.. - i ‘
e S ' In'1953; the. Somallland 0il Exploratlon Company pr ared a g oglcal map of’
e DRI '-j:the northern ares i to a scale of 1 :1,000, OOO
0' i; A - "’South/éﬁlfsjmaha< o L V"‘ °v SR T :A«( v R T '""— o el
"\ - Coverage of sout\hern/So' alia was: less complete The érst geologlcal reports .
EE RN “dsite from' the ‘beginning of the tWentleth century; but the'systematic exploratlon R
.4 7 Vef Ttalian/ Somaliland was cagried: -out within the framework of an over all pro: - -
... gramme covermg the W,hole of What was. then ltahan East Afrlca W1th emphas1s
~.. . ... .« onEritrea and Ethiopia. - - -~ g s L

©e 7 The basie document for Somaha is- Zacca(lnl S topographlcal map drawn to a .

L = ; g% ";fscale of 1:400, 000 -in 22 sheets complled in the 1930s. The geological mformatlon
3 i . is.tontained in Stefamm s (1933) and Damelh s (1943) maps to a scale of } 200 OOO
.+ and the: accompanymg reports :

. The Bur -area was ﬁrst descrrbed by Stefanlnl 1n I916 and was 1nterm1ttently e

. o ~re-exam1ned in the 1930s.. In1960-1961, it was photographed frofi the air.and

\. ooy magnefometer survéy eovered part of the area'to.a scale of 1:30,000. - R
- " - Since the second. world war, Zacéarini’s map has been revised- to a scale of
1. . 13500,000 and most of-the countny has been covered by a photomosalc to-a scale of
R 60 000, prepared by the.Royal Air Force' (RA F.), . the Food and Agrlculture
o T Organlzatmn (FAO) and-American oil companies. - " -
9\/ “ - Certain ‘areas Whrch appeared ‘to be of partlcular 1nterest for 011 exploratron of .
LTl for ‘agricultural and hydrologlcal development were covered by photomosgics to
scales of 1:30,000 and 1:50,000; nd the R.A. F\photographed certaan pa‘rts ‘Jalong

the Kenyan border to ascal }1 20 000 7, ST
- e h—,_,w:‘/ X - Lo N e . ¢ : A’:’ . v:—'-."_“- 2,)‘— ) . ;&: : . - /y .
B Mmeml occwrre'nces e L e Y A
- LT L x- . e : ST S .- : S -
- R Y S A T ’.‘-"T ERP E '\‘.“"/1 DA IR
R S ‘ Nort&emSomaha T I L I N

-*Nurnerous mlneral 1nd1cat10ns (ﬁgure 4) Were reported in the northeg*n provmces

g?by the Br1t1sh Gealogical Survey, but they were of only academlc interest as long

. as the: country was not equlpped Wlth the ports or roads necessary to® support a
sustamed mmmg development L RICCLEL T S Y Sona :
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"1nterpreted photogeologlcally by. J. Daniels, Who prepared a contour rnap of the+ o
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Phe E1 1gavo area by Stock and GreenWood in. 1947 and o
2) d"Danan]leh by Palhster m 1959 and ‘Hunt in 1960

: shemngs bemg descrlbed, ’in 1958 by A. Warden/f_ oni 'the Buhl afea.”

iG(y;psum-anhydmte Gccurrmg at Sumah ebleb, some 15 km south-east of '

A

/o fi:,iWorld War II bY the Itahan Co: % anY; ”Comma” In 1953, R Holmes, consultant o
geologlst ‘o the Inte*rnatm@f [ini Com an v1s1ted t'he outcr&ps and recom-". *

<mended a ground magnetomet

] J L Damels carrled 'm-lt 2 magnethhetrle and geofog1ca1 surveyc of: the Bur Galan o

“from three to ﬁve metres deep,'"
seplohte, ;'ludmg oﬁ-grade m" ‘
h Wea ,_re nd‘mmst and is theref_ore ea51er i
ER -;;atlve methods ljcgs{ " AN

o R Heelmes V1s1ted th‘

\ Were tested at. theamouth of the Gi’uba Rlyer'as
- area, east of Benderi Casgim, in the northe
@’éave 'higheiflthai,i;;aver?ge-,.reéjdmgs; :

- ¥




: 14 holesjto prov1de' the qlty W1th Water of adeqnate qual;ty In the Genale (not -

shown) ared,, JA7 wells were drilled for the irrigation.of banana plantatlons AN

. ST ; -in the’ ‘Bur area, in 1964; C. Faﬂlace reported on groundwater COl;ldlt'IOIlS in "

. " “_"‘-" the Scebeli River 'Valley and, in. 19‘66 FAO prepared an unpublished report and av
S ‘ mapto a séale of .1: 200,000 with aeco ing. @ross sectlons along a-line Lugh”

S _ Bur province. . S : 2 .
e _ In the Lower Gulba area, in: 1963~1964, ,the Water Constructlon Desro’n Instl-
R tute of the Union of Sovret Somahst :Republics ‘carried out a survey of the river :

ST - * section Jamama (Glamama) Fapole' -and the Irrigation Research Institute of the
o . USSR examined the lower reacheés’ of the Giuba River-and the ChlSlmalo area. o
PR D Thelr-reports éonstitute the basic documents for thearea. .-~ AR -
S v . I the northern area, loeal Water résources were sur?reyed by the Brltlsh Geo—

s . St -‘_ loglcal Survey, and in: 19%6—1967 the Irrlgatron Research Instltute of the USSR
<., studiedthe northern slopes of the coastal- mountalns and plain along the Gu]f
o of Aden Wlth a View to prov1d1ng Water f"_ a ﬁsh cannery at Las-Khoreh

Cannana (not s own,) to Mogadlscm overlappmg onto the ad;acent areas of the e

-
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T A e T I Background R
B LA R R R @f the prOJect i
Co g HISTORY Se _ | | e
s T -Among the varidus, mlneral occurrenées Whlcfl “were. kmwn in - Somaha the. fera yf ELE R
g s ruglnous quart ites of the Bur areg were~considered to ‘be ‘the most 1nterest1ng, T e
A ,.and previous reports,had recommended that the tWo pr1n01pal outcrops, Bur Galan TG S

SR and Daimir be systematrcally explored R S

/ The *Government of .the Somali Repubhc therefore approached the' Uh,lted . B ST
‘ ] Nations Special’ Fund:in: July 61, with-a request for a prOJect to cover«the ifivesti- - S T
, gat1ont.of' e/ lron-bearmg 00 it rrences of the Bur areéa (ﬁgure 5a) This was apprOved Tla
by the . overmng Councﬂ ’_t its: seventh session;, and the* United Nations was .+ *
de51gnate a8 Executlng Agency, Wlth the M1n1stry of Commerce and Industry
‘0 the ‘Somali :Republicas its: counterpart LT
Exammatlon of the: Government request however showed that it Was too -
‘restrlctlve. If. full use Were to be- madeaof;_the resources necessary to lmplement e
v T - the pro;ect 1t Would have to be, broadened 1in scope and area, to* complement the > .
AR bllateral agreeme ntered into with: "the USSR to' develop ‘the port of Berbera

Whlch enhanced the economlc 1nterest of the mlneral showmgs of northern Somalla. :
"It should also complement ‘the actlvltles,, of FAO.and of thml compames v_yhlch

STl 'uicreased the urgency; ‘of exploratlon for: groundwater and-for mlneral ’Wealth

RS throughou,t the southern area of the Repubhc. VAL

i = A rewsed Plan of Operatlon Was. therefore s1gned on 22 Decefhber 1962 Wlth the

e : z; followmg broad: obJectlves. . T & e
el ' ‘(a). To help develop a geologmal surv‘eygdepartment Wlthm the framework of .
e ~ 4 the Somah Admlmstratlon C 5 . ST o
u‘ 53 i ’tf(;c) To explore for other "mmérals and for groundwater 1n the Bur” area and

“elsewhere in:Somalia: = ,._.;"‘;'-; . SRE 5 e R )
L-T'he project was further‘ ntrusted by the Somah Government W1th the super L
: ‘V}Slon of ‘the- geologlcal work belng carrled out’ under blIat ral 'agreements ' 'j‘.f-

. : : A T.- Katskov- was. appomted Prcnect Manager and work in the field began 111 Ry B »:- . ‘j

’fffT;J_anuary f964 The mam targets for exploratmn were selected rn the Bur area by ot f:'.;f»,vf" SRR
. .':1 \\‘ __q.' _“t,b
e LI RSt




‘‘‘‘‘‘‘‘

hotogeology, ground trave; Sin and surface samphng, and followed up by geo-"f: ol
physmal exploratlon pitting, trenchlng and dramond drilling. .~ . -~ T
In the course of the’ geologlcal exploratlon, potentlally viluable pegmatlte ve}ns R LT

s Were Jocated in the eastern part' of ‘the area, good marbles. were reported from. R

S f : several points, and heavy concentrates from. iround: Bur Acaba were found foo R

P T A contaln high’geochemical values of tin, silver and copper.” ™ "> 0 g
R * Some points of the rgea were -covered - by a laterlt\c mantle contalmng free.
B alumma hydroxldes,. these appeared sufﬁcnently favourablée’ to. Warrant the
] exammatlon of the’ country by “an expert who surveyed ‘the- Whole territpry: fof'
potentlal baux1te in the coursé of the: ﬁrst three months of 1968 LT ;
S As, thessuty 76 . of the:Bur area developed it became apparent ‘that eend1t1ons Lo
. were promising for dther minerals and: that the sutvey’ should be.’ expanded to. . . L
~_-cover Hot- only. the ferrugmous quartz1tes but “also. alL ‘other mlneral Oceurrences. - b
* North-east of the Bur:avea, the El Bur’sepiolites were, appraised ahd, found to i
memt further exp_ y 2 _,on 1 was alst? reahzed “thaf thé-ground: exploratlon 6fa L
ver C by high thorny s b was slow: -
o and unrewardmg To be efﬁclent Work had to be preceded by arl alrborne geo ;
T phys1cal survey and by:\aerlal photography e R ST
*"In November-Déeckinber- 1965, an, area of 22, 000 km~ was' s_urv reg .,’. ~ah air.
3 bo‘rne magnetometer and- sCmtﬂlpmeter ceupled Wlth strlp D otography of the' R
=~ flight paths. ‘This showed up several- ‘magnetic anomahes And alsor 38 ra>d10act1ve" SRR O
. apomalies? contamed within an drea of some 1005 ; 100km, <L e R

- JAs a resul\tdof the aboye ﬁndmgs ‘a, rev1sed 2 of- @peratmn Was‘s1gned on'”i; Lok

18 June: 1966, prov1d1ng for an mcrease ' the. number of. spec1ahsts and nopar-; v
t1cular,‘for atphotogeologlst aimlnera ggist ‘andan assayer (seé annex I) Wh1leif' .
the geologlcal and-geopliysical;srveys. of Bur Galan ahd Daimir were be1ng coms :
pleted aﬁd supplemented by.“p1 e, trenchmg, shallow drllhng and samplmg, L,
, geophys1ca1 team. located the':Alo. Ghelle radioattive® anomaly (ﬁgure 7) on. the:‘ SARES
o4 grouﬁd and began its exp ora) 161, By the second half of 1967, the volume'of work . ¥ 5
A0 f on. the 1ron—bearmg occ ces was suﬂic1ent to Warrant thelr economlc appralsal AR
' *m the Bur 4réa, and ent as1s ‘was transferred o Alio. Ghelle Ly R
the northern ‘, #rind "‘s vork was, 1n1t1ally Téstricted to a survey of the'mmera\m G Tl
- gfe rrences, ‘al d - Tepon ed from the Berbera:f;and Hargelsa area that Were R

el e ,agreements a d as forelgngeologlsts prov1ded urfder brlatera -agreements became s
T PR '»,"avaﬂable 6 the project, the.scope: of worke was expanded and sthe “buildihg o
T -‘.,.fthe foyrrer Brltlsh Geologmal Su ey ab Hargeisa wis ‘eqiipped as a headf arters, i
" Qcgurrences of { gypsum, “colomibo antahte, beryl plezo-electmc quartz, cass1ter1te, T
md strial fel\dspar molyb n1te-galena—blSmutthtee‘ and chalcopyrlte-malachrte’ i

;< Wepe exammed S :
Co ) eanwhﬂe, a consﬁlt\é . and an assecrate expert reported on the poss1b1ht_ s-i I
of 4 oundwater the-Buy alan—Dalmlr,; ]

, ‘“Bur Acaba and Ch s1malo‘ areas, 'and
].OI' i) E ':k i

the course of the summer w 68;

Government.,to subnnt a request fer a phase II contmuatlon proJect Whlch was :; ,
approvedJoy the Governing’ Couneil in J. anuary 1968 Work. still contifiued on "the -

e M ) Allo Ghelle and other rad1oact1vef“‘ccurrences Though st1ll 1nsufﬁcient to deternnne - Sl




E '. '1 and beneﬁcratlon testmg all tended to corroborate the. possible ex1stence of a‘major - L kv

" 3 a;;;; Mr Joubln arr1ved in Sofnah on 28 July,“ and ‘followmg hlS discussmns and’ "
. recommendatlons, .the “United Nat1ons and the United Natlons DeVelopment

‘ 'Wester Nuclear of the Un1ted States of Arner1ca The remalmng area Was hel

N
a4y
'

~ o ‘ T, »-‘_ T . C p,,

reserves or econom1cs the ﬁndlngs of the surface’ exjoratlon drrlhng, assaymg e

thorlum—uramum field. International interest was aroused, and the Uniited Natlons ARSI
subrmtted an-ad’ Foé report to the Government n May 1968." . ER '

: The Goverhment asked that this Potentially valuable dlscovery e valorlsed 88 . sl
soon as poss1ble, and the- DUniteéd Natrons Development Brogramme, therefbre, " L
‘et to Somaha a senlor consultant ‘an expert 1n uramum F R Joubrn to assess P ST

P

- Programme agreed to WJ,thdraW from the Bur area and to release it V;or concessions = S
eovermg .all minerals.» - - - TN - gt '
~Mr.-J oubln, with the ass1stance of Iqbal Smgh, M‘ B E., bllateral a1d legal adv1ser ,
: 'the‘ Pr1me Mlnlster, also prepared 4:unified mmlng code for the Goverrnnent” B
cons1derat10n and estabhshed ,the basm prmc1ples on Wh1ch the uramum concessmns .
could ‘be- negotlated B R T e T gl e 2T
- -Ag- the request of the GoVer ent a techmcal expert Was sent to Somaha to Pl L
ass1st in. the draftrng "of the terlg:r documents, and a consultant on- m1nera1'con- v
% cessions; C. Beafon of- Canada adwsed them in’Fheir, negotlatlons Cencessions . § = " - L
~ covering approx1mately three fourths Yof - the radloactrve area’have been tafenup:; Lo, T
. by Somlren/EN I of. Italy, UranEngebau ‘of the. Federal German Repubhc, and S

N 2

f‘.' B . PR

as a government reserve ;‘.,:
Phase II of the prOJect WhJch was approved befor‘e these events occmred Was

-;‘..almng unchanged “Ascof Febriary 1969"*"'} Al
ent S'lgned btheen the Somah Govern- N E o

t1on to be used as the Government counterpart payment for thls phas&a -y
AT rea

_For the northern provmces o_:‘ be d1V1ded 1nto tgvo geographlc

vent of geology durmg the ﬁrst three to four years of thelr ;'?~‘

PR

i eady .vvorked for the former British ‘Geologcal Survey, These'

IRLIE I

reQulred only refresher courses, but others had no expenence i geology or geo-.

.('




*of junior, Somal

phys1cs ,Practlcal coufsesfoi' geophysmlst operatorsz ﬁel‘d—ass1stants in geology and
. drill foremen were; therefoge, Qrgamzed by the project and wefe’ followed in: yall by12-
- drill’ foremen, g;geophysmlst operators, and 3 field: ass1stzints 1n geology A numben

i perisonnél were af§o trained in the field:s =" . P L
As % resuit of~the: above, much of the: field work' in geophysms, geologlcal sur-- '
“veylng and drﬁhng has ‘been: e 'I:usfced to Somalr personnel under fhe general

:r“h"\‘.'

gulda‘ tice of Umted Natlons' xperts.

Y




LI ",.

=y

' ‘rocks of the ‘Bur &rea with. particular’ emphas1s on; tha, ,',ron formatlons Tn the
jh‘northern part of the couritry, work was; of necesmty,,ﬁ,rst hmlted toa reappra1sa1
g:of the ﬁndmgs of the Brfmsh Geologlcal Survey, and""

}_»"Roads join.. Bur Acabaelsma Baidoa (Ba1doa)-Da1

The mam mltlal obJectWe of the prOJect WaSathe exploratmn- of' Pre-Cambrlan

cauSe of the dlstance from 3

so far unsuspected ‘radloactlve occurrences /yvere foun ;n’k‘he Bur area
targets of the: pro;;eet changed ff, R

‘e
2 e - . -
- ,.- .I" oF CL N T S E T e e

B T P

‘A BUR AREA ‘ el T

Geogmphzcal m%hl geomorphologzcal descmptton .

v-‘t

= The’ Bur 'area cons1sts of ,a flat, featu less erosmnal peneplam most of \Whlch

+ which cOmmonly occur in clusters. Outcrops are rare; the vegetatlon ‘impedes acéess
and co-ordlnated observatlon ,and the“lack of ﬁndmarks “hinders map readmg.\

LE

& \.

_ along seasonal stream beds;* ,termed tugs, ,some of WhIch can be followed by car.

Acaba-Olontole-Jaq Brava; and Iscia Baidoa-Bur- Acaba-Uanle Uen=Mogadiscio, -
A serfes of tracks fans out; from Bur Acaba. Durlng the ‘rains,"all these settlements B
are cut off: o

. Within athe basement area two sub-types of rellef correspond to the metasedr-«
ments and to-the gramtlc rocks \Both have features 1n common Whlch dlstlﬂ'gmsh

'them from‘the Mesozo1c rocks

e«

- L aaie
_‘s. i . ~§,..

*i§. covieréd by an eluv1al mantle several metres thick. and by dense, high, thorny\ £
fscrub The only landmarks are occas1onal sugar-loaf granrte do s; termed burs, ’ Ely

S The“basement peneplam IS bordered by Jurassic l1mestones whu;h also overhe N
' ‘th‘é down—thrown blocks i EOMATIE ’k |

ir;. Dlnsor-Yaq Brava Bur R

.
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1 Boundury of qeroéeophysncal survey
| O Geophysncal ground follow -~up--
RN R - Det{l‘led geologmal explorutlon and/or drltlmg .
- . Do . : T N . March 1969
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.' o p Y S
LT /mth a daagonal patternﬂsupenmposed locally TheTatter 1s o*overrled by the Inter-ri'_' Tk
R ‘l 'faees of the metasedrmentary beds and commo y follows the planes of SChlStOSlt;y,

: In the gramtlé sub-type, the sugar-loaf domes, or burs, constltute a- pronounced
_,.,-gfeature They ale pr obably the remnants of 4n. eroded ; pene aln Ma,)or burs are i *
mmned by a*rise’in-ground which & wriderlain by ‘granitosgheiss: .- 77 . L
- The: aleas underlam by metasedlmentary #ocks:are flat and featureless They a o
' slope gently to. the south-east’ Tfollowing the general tllt of: the area The stream-beds’ - i
here are too shallow, Wlde and gent,ly sloplng to. constmlte a morphologlcal feature 5 _"» o
«hey meander over the valley ﬁoors*, Wlth many mmor channels and oxbow lakes e

P T
hd T a7
oA _-\
S T .
w R R »
- L TR A
L 2R ‘
e SLs L ow
L] - . k
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O e
. ! Q.
: e - N
. £

B . > ,: m partlcular the 2ir phot;)graphs and uncontrolled mosalcs Were used to 1dent1fy
, €8 _1sh thelr mode of

The most exposed areas ws1ble on the photomosglcs Were '_ hen traver"sed on
access Was easmst S s o b
\ L1tholog1cal samphng was carrled Qu ncentrat‘es of hea‘ v
oo }' collected from 't? » stream beds metallomeg'(lc samples, were tak
SRR e \%iologl,cal sequences *were ‘mapped. ‘Work was-hampered. bymdl cultres of access f_ N
LA B / d by the tack of 1dent1ﬁable Jandmarks and of referénce points Indméiual ggo-": -
AR ; legleal traverses could not be tled m properly, and th topogr_phlc maps Were Ce”

physrcal'.a » Qmalles, accbmpamed by Fegi6; L
. stractures and to segreh for other mmerahzed occurrences. S \~~ : R B
7. The-6ver-all results achieved: Werebg_‘mbodmd ind eolog1cal map(jof the' Bur drea s
T (map 1) 1o a’scale of1: 209, 000 Wltll accompanymg séeets sliowmg the hydrogeology
- ”and morphology Fhis map; was: used ‘to: 1dent1fy ‘the: u.ramum. anomahes and to"
mterpret th geophysrcal a,;nd geologlcal characterlstms of the magnetlc anomahes

Sl

4-6 ..




Ve

PRTE

Geologlcal explor;atlon was gurded by geophysmal surveys, ﬁrst magnetlc on
thei iron oc‘currences, “then rﬁagnetlc and radlometrlc on‘the radloactlve ocgiirrences.-
Exploratlon began on the Bur: Galan (Bur Dur) and Dalmlr outcrops, whigh: Were

@ already khown. Thé aréa, of. 1nterest was- ﬁrst%thned by geophys1c -and resurVeyed

When the aeromagnetlc ‘maps, 'became avaﬂa‘ble. 'The thick tiotfy -scrub made "

“atcess and observation difficult. A base: line wes-cut through thelbusha long/the .

length of the- anomaly, with ‘transverse hnes eyery- :200. metre. Dlrectlons were -

» determmed by, ahdade, and distanees- were. mea ured by ape. Whre 1 neeessary, .
B thd:l}nes were extended ~1nto the - bush’ bycomp‘is an

gnd was tied in%¥ith a bench mark -on the summ. of ‘ari easﬂy identified: gramtrc

bur whlch stood%‘ut at the south-easterrr end of th. utcrops DlpS and strlkes Were

plttmg, trenchmg, a|‘ d shallow drllhng We gule by magnetrc measurements

DAt ‘Daimir, the mine ahzed exposures “Wepé surveye _to ar scalc of 1 2 OOO at Bur

: fGal,an to'a scale of 1#10,000) i fﬁé - - RS IR A

pading, At Bur Galan, this

LR . -
. P
- _.:._:“-. -

oY pattern of-the basemerit rocks vnder’ the th
On the El Bur seplohtegdepomt the results of he

Ty
203
f
e
N
3
R

contmuous

path over a Wldth of
Ground clearance: . 22| ,.1-.7'“
Llne mteryal (general suryey)

- Line diréetjon: (general survey)

Lme diregtion (detalled surveys)*
Kllometres ﬁown T
© Area’covered: ;7 G L.l E

F o On- the radioactlve anomahes ge oglcal exploratlon ha to give Way to&urely
= geophysmal methods,ras thls-fea reIess area covered by S
5011°prov1ded 16 surface 1nd1cat10:n a8’ regards the underlym bedrock. The-anom- ;{v‘?" oo
ahes -wére. located: from-_the.° ‘aeria geophysreal map and: the" shotomosajes by~ -+
geophysu:al traversmg Wthh subseq ently gulded aLl
Magujometrlc surveymg “was, used“l R an attempt

rip. Photography of the ﬂlght < e ‘;.;'

. N 80°W
: N 25°E and N 60°E
S 22 111 km2 J e

o 200 ooo LI R

fhlck mantle of top -

sampling ahd exploration. - B
%o establish the structural R

antle o / e
matlc t lng and of ‘ PRI RE

1ma geologlca'l sketch plan of the area (ﬁgure 17) . ‘l L l-°' @, 5 R W

q et : .:‘ A - - ,'\ - v A

Geophyszcal methods RS ’f R - B

“?rehmmary aerlal survey 7o M o L o el

An aerial survey, was ﬁrst made of the Pre-Cambrlan basement formatlon of the e

Bur ‘area, Wlth a -slight overlap. onto the adgaeent Jurassm sedlmentarles The T “’
L R charaoteristlcspf the. Survey We,re. as folloWs . SRRE ) - o e
Equlpment énrborne magnetbmeter and scm— - R S S

- tillometer; Dopplerﬁnav;gatlonal ‘control, - SR R R R

. - . A"150 m .VV oo - : P ‘n;_ '.:_ D T ‘g
. - 10km . ».;: :> - kr.ui . '_:;u_...‘h' »A‘v:“._ .v:v'iu. :. u’.‘

Tine | 1nterva1 (detailed surveys)* : 0.5 km - e 4 .
Intervals*betw@nreadmgs oL 0"km ', e : -

Scale of . maps (compos1te serres) L3 LN
Number of sheets (compos1te serles) 1 '_if; B O R
SRR . Scalé of maps (detalled Seriés) . : 1 60 000 o e R
o “; , Number of sheets (detalled serles) s ';;; 197
ST T e, S T z
R *Bur Galan, Allo Ghelleg __Yaq Brava, S My
__2‘ . . ur; @ .
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el f?_ \ The results, Wthh became avallable by m1d—1966 showed not only a seéries of
LR magnetlc anomalies-ef whlch 10 wepe-identified as iron formation and 38 were radlo- R
~active anomalies, vThe spacing of the fl ght-lmes and. o} the readlngs in relation to - LT
ground clearance were such however, f’that some. anomahesunay not have been
o completely recorded and’ ‘Somé ma <have been inissed.” RN
’ Because of the low magnetlc latltude and the- hlghly magnetrc propert S of the co- _;--".7;.-‘ < e
| ferrugmous quartzites, the; correspondlng gnomalies have a distinet digole character, - f E R
‘ 4 ‘-.',gand any Ehow -a- hrgh gradlent with a’ ‘sheetlike st‘ructm'e, giving up ‘to. 1 000 B
gammas at~ 100 metres altltude, }th a mlmmum’ to. the south and 3 maxrmu gty ,

~~_“.,

N8 e e e s e

several dozen’ kllom res. between the two poles On some sect1ons, the boundary

i ,,,/ "?of the'JuraSSlc,lif ) 'stones can bendentlﬁed because the anomalles dle out beyond it. ’ o @V
“tiv . The radloactlve anomalies which li¢ Wwithifi a qua rllateral of sorie 100-km, by SN
160 km are grouped into two main areas Wlth peaks o ~updiofour-and six times the ‘ TR
background value; surrounded by belts 10 k,m' o" 20 knt wide; thlch show tW1ce L
- the background valie, <+ J N e o .-;-‘;
X " 'The Aho Ghelle anomaly (map’ 2) covers aly area of approxunately 30° km2

elongated from .ast to West outlrned on 4 ﬂrght—hnes and fadmg westwards It is.

The X ag: Brava anomaly Was later located on the photomosalcs early in 1968 A
* “The %su‘lts of the ‘aerial - survey were: diffcult 4o apply becatise the. Doppler

HGW. strip- photography had ‘not. been preceded by

. nav1gatronal control - and S
g or marking. The only ‘ground plan avajldble con- _':'.t". "_,

= 4’;-: “preliminary- ground surveyi

A \ ‘_ “sisted’ in dan uncOnt‘rolled photom0sa1c at-approximately “the same scale. In. thrs LR .' ;
C e featureless overgrown area, the narrow photostrlp WaS': 1ﬁicult to match up SR

oy

- ; - R o -

s Ground geophysncs ) ﬂ -

o '_,- r' L Because of’ the thlck eluv1a1 mantle and the abse‘ ce of outcrops all geolgéglcal
: : ° exploratlon in’ the Bur area must unavmdably be gu1 _ed by ground geophys1 '

arrlval of a Umted Ngatmns geophysrcnst add1t10na1 equlpment and t ed Somah
R personnel the workwas expanded Bur Galan was magnetlcally resurveyed grav1ty
Sl "t -was tried out -at Dingor, the Manas bauxites- were- testéd by electric resistivity, " T
RN ,sﬁ . and radiometric methods .were. apphed at’ Alio Ghelle. Magnetlc methods are. the, ' R

R ’7 . miost useful for general exploratron becatise théy can follow the well. defin d beds. ... o
ST of magnetlc matérial contamed in the‘ basement rocks and thus prov1de 1nfo§\tron S
negardmg structure SRR TS T e o , s et
1 M agfnetzc methods Magnetlc traverses were made on the ferrugmous quartz-~ 2 'r KR
o l.tes at Bur Galan Quadla But Coreh and Cull-Cuh and repeated When the aero-’ L
magnetrc maps became availa ble: DN, o TSI U S e

Sl e e - s Ground readingsof 10,000-15; OOO gammas, W1th grad1ents of 1, 000 gammas per G
By T, 4.';» . metre in the verééal ﬁeld weré: reg1stered Readings were. negatrve when the totalv T e
L AT TR airborne ﬁeld _was " positive, and positive when- that field . was' negative. Broad; . o+
N low-mtensrty aerlal anomalieg with amplltudes of -300-to 1, 000° gammas were also_;’-. PO
Cae ” \ﬁeld-surveyed at Brsseqh Adde, Bur Galeh and arqund Bur Acadal SR R
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. S RS vl A - B P P :
AR L b T . "'5~.-.‘, - B e T R B AU B
» B R ER . B 35N . K P Vo s, B v » o - S LN .
AN RS - R - S ~% - Y ;' . FE R LR Ly B : - B
o .. . . 37t N Vi h Liin DR . P - > LR
v U L 2. o, HF : e o E v Sy - M A
¥ B - : RREN -y . - Y . . Lo LT I SN .
. e - e oL . - . : P R = R e L el ~ T 2N [
S . o Y . . R 2 Lo .o LT LF . YR
. - i . R e o : . » . R -
L. - . e VL LR et . . % .. R T
A .
A 3
»

,
&




T e,

|
b ;,\\ - ¥ ”;‘ M
- c A \
) ’;, ) ’ L
R s SR TR S SO 3 : M
“The Da1m1r and Bur Galan magnetlc anomahes were ‘covered by an- Askama R SR
- DF2 Torsion magnetometer grid- with readmgs every 50 metres narrowed to 10 e
- Tetres when greater detail was requn'ed This. gmd served. asa bas1s for the geolog1ca1 g
survey, ‘and for samphng, plttmg', trenchmg and; drllhng w N ity

N The magnetlc field ‘was mapped toa scale oﬂ 1: 50 000 1n an ‘area, of 14 km2 :
W around the Daimir ¢ occurrence, and the Bur Galan ano,ly was mapped to a scale
4'of1 10,000. e . _ , o
- Magnetlc proﬁles were- made every 100;.@ metrés W1th readmgs every 10 metres o
“irian area of 1 km? around the Alio Ghelle radloactgve anomaly to'determine the
oo trend’ of the country rocks. With the arrlval of tlIe EM-gun in June 1968, this was _
T ".n;f_,;followed up by a mlcromagnetlc survey compr1s1ng 5,000 deadings in ‘an area of L
72 X 2 km, and the.results-were presented on a map to a scale of .1:2,000.. ‘ ‘
</ 2, Rad’&ometmc methods Ground exploratlon began. with the Aho Ghelle aerlal
e anomaly, because it was the first to be Identlﬁed on the ground and was the easiest .
' ,,* . of. access.u The anomaly, was ¢overed by ) radlometrlc grid 5 X 20 metres-and . ,1
SRR >< 10 metres which: outlined’ its’ contours and local peaks. In all) 4,5 km?* were, 's,:
R -ﬁnally covered by a radiometrie. survey to a scale of 1:10,000 which- estabhshed
E ‘the general pattern of the rad10act1v1ty and found two other high anomalies. Th1s e
- grid pattern was subsequently extended to an alignment 9 km long passmg; through SERL

‘Alio Ghelle and two more anomalies were recorded. - . o

ThlS survey showed that the hlgh ground anomahes are only.,a few dozen metre'?s

:,m extent as’ compared to the wide expanse of the aerial anomalies. Tt follow g

SRS therefore, "that all aerially located anomahes must be resurveyed on the groun
R locate the-origh of the radieactivity. «° - A R
o 3.- . Electric reszstzdzty This was tested’ along Terte in pro es at Alio Ghelle and:_ |
Ce ‘gave an apparent resistivity which varied: slightly 3 ' )
... with: certain areas which- showed local res1st1v1t1e,
"aVerage and tfending in a westerly d1rect10n A epe
- did not conﬁrm these findings, an would deelr
- is a good conductor and masks the el tric propertles of the bedrock
. 4. Spontaneous polomzatzon ThlS was tested on two, proﬁles at A11o Ghelﬁ but _ _
-'showed only shght variations from normal values _d':‘ SO TR AR ) ~ “"
| 5.. Gromty. Several readmgs which were made at’ varlous pomts on the AllO 2T E
+ @helle anomaly. showed a few 1rregular1t1es Jbut .no abnormahty in. thé fietd.’ A e R
 characteristic feature isa general 1ncreaSe 1n gradlent up to O D mgal /km, towards
- the riorth-east. © A R o
T AT Grav1ty proﬁles Were also made at Bur Galan Da1m1r and B1sseqh Adde At LR ST
PR - Daimir; peaks of 1.5 mgal Bouguer: were reg1stered but’ the ‘topogiaphic’ influence ’,i P
© U wasso strong as to cancel oat the. geophysical anomalies. The" topography was too o R
o ,_;,_‘.rugged for the use of grawty"methods in- detectmg iron formatlons I T A

S ' "Geophysncal testmg

by Gelger counter In most cases, except (fver the actual occurrences of prlmary _f'- R

T * ore, the radloactlve 1ntens1ty, ‘however hlgh it mlght have been near : the surface, e o
B :;.dlmlmshed downwards In 1968 the drlllholes were logged by means of a scmtﬂ- ,

e jlometer probe AT A R




i RS ;"_. . mantle, thén'by a hole.offset along the strike, ﬁnally to a gr1d pattern on 50 metres

L : down on the Alrport anomaly . (map 2)- to adepth of 33 mﬁ

30 metfres alono prospectmcr hnes 400 metres apart Four pit hnes were completed :
-on the eastern flank:of the gecurrence and -two on the western flaiik. Pits were: o
s1ted according to ‘théx results of the ground magnetometer survey, ,End the, ‘geo- ,:{4"_1: B
S _ logical and creophysrcal pit. sectlons were tied-in with the surface survey« The Bur -+
i .,, - Galan occurrétice wag:checked by. 430 m3 or trenchlnor and by 11 metres of shallow SN e
p:rttmor on a similar: pattern R S e R momE T
_ - Eighteen pits were. sunk to an aVerage depth of‘r S;Jnetres and to a max1mum ' B
- f - depth of 4 metres,on the Aho Ghelle radloactlve anomaly, to reach the Weathered -
- bedrock below. the eluvial mantle.". S : _'_ i
o Nlne trenches totalhng 1,600 m3 were also dug, averaglng 3 metres depth var1abTe e
e accordmg/.to the’ thlck‘ness of Weatherlng Four trenches (pro;lect numbers 21, 24,
25, and. 26)° prov1ded useful information as- regards the geologlcal structure. and o
- the mode of‘pccurrence of the depos1t The others provrded data on the (hstrlbutlon 'ﬁ_«;f -
of rock types Sl e et kﬁ\ 7 R

S Lo

'. e ar oo 5 f » e RO EEE T

. Lo
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< Dlamondzdnllmg SR T Rt s s
Drllhng on the 1ron formatlons was l1m1ted to three holes sunk to Aiepths of
L 41 metres, 13.5 metres and 29 metres. by mieans of a kale drlll on the Bur Galan LA
P occurrence and to one shallow hole on Da1m1r C ST T e e

P |
Pt

K T

the strlke and to obtaln some 1dea of the’ actual ‘dcctirrence’ below the surface el

centres, which was not’ completed” and by- an, 1nchned cross-hole 5 :
Although 1n1t1ated by the G 1tself thehdrilh‘ng ﬁrogramme Was contracted o
rto the fifm of Craellus’ in1968. " . R
_-The ‘results of the Py gramme are. summar1zed in table 1 . GO
Core reco ry in unaltered rock was systematmally good b@;ﬁlv;he holes came' )
. out of’ ore alogg ‘the foot ‘wall-and the ore body i is mot known below & depth. of 1 {3
metre he effects of weathermg and oxidation were- apparent fro m the cores. RE
-‘The holes put down in the centre of the south—western ano aly to obtam afj-
sample of unaltered rock were stopped for techmcal reasdns*zx,@ e ‘hole, was- put,,:‘e./ .
f6s and stopped in R

o h1gh1y radloactlve syemte because work in thls area was close,

u{ Y

Auger dilllmg "T‘T PR o e ”.7"”'_?'-1. [3,#

. This method Was -extenswely used on Aho Ghelle to sample the eluvral malstle
and to probe the bedrock A line of holes ‘was put down at 10-fmetré intervals .
betw den DbH 1050/1000 and DDH 1100/1000 to verify an mferr d: fault whlch* RN
appe ed to hrmt"the mmerahzatmn The results’ were 1nconclus1ve - L 2
- Ty nching and plttlncr had not been able to find the source of thé; south-west DR
~'anok aly Jt. was therefore covered by 53 auger ‘holes to depths of T \LS metres, * =
lald out on & grid pattern to outline the radioactive. rock 4and to. choose asitefor - . 3
d1amond-dr1lhncr All soﬂ samples*were tested for radlo thlVlty, and this Wa§ found. LT
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1050/1000 et T '18—32 46«140 N
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o S S s 1050/1050 RS 15140 - - 31 10 100-‘130‘."” w \ e Lo
s s L 100@/1050 : . o445 . 2rsT,Tog1z0 o\
ST et 100071000, . . ) 24180 U CoggsLeo. T e Rt
s ST 2050/850 e o N/3/2°W 201555 & . 68183 .. - . - .
ST T 1100/950 e s Wo26Te L/ 211 10..‘-_‘,_;;15‘;1,100;_160;,.,'-‘ A SR
R e N e .,W L DDH——Dlamond‘dnllhole‘ - T T e e T AR

\ ! P e . . AR . . v ! BN . - A
T R » ¥ On-south-west or¢" body Dol TR Sl e e LT T ey

T - 4 N :
SN - b X N * - - ‘¥ e
+ IR TR o s A e : . ¢ . : : a
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LN e e to varxy cons1derably ﬁ&om 'kWel"' to level suggestmg th‘ {the changes in- surface". A RN
Cet riir iv:, - radloactlvx;ty are not directly cOn.nected w1th the actual e ubody Thetundeﬂmnﬁ L
T e rockiwas hlghly radioactive... @~ =T
~..:¥ The’ A1rport anomaly, found early' m 1968 was test d by. several auger holes;' T
put down 20 metres;tpart along a cross proﬁle They Went down 12 metresJ:o-; L

Dalmlr and Bur,‘ yan fe gmous quartz;tes Were mostly sampled from S
o miace showings- and‘bb?plttm and-trenching."A- sample’ of several: kilograms . N v,

R ‘ f;-v, “was iaken from ‘thé. pifs Tor beneﬁc1atxon testmg The. drillégres” from the three RIS
L holes on Bur. Galan and the ore hole on Daimir' were'also sampled..” 7} .+ e R
z At Alio . Ghelle, ‘the radioactive: surfsice: ‘mantie<and’ under]mﬁg bedrock We.r‘e' R
R \sampled by. thg,. trenchmg ‘and:auger drilling: Twelve pits were put down on\ 5 . " -
the south-west ore body and six. Mmorth—east to:an. average denth of 3 metres‘__.j S ;it. e
. Nine trenches, totalhng 260 metres in. length were. dug 0" de'pths of from 2 tg 8.5 o
,metres. Four of these went'into bedrock. Along the-side /-and_bottoms of the plts RS
and trenches, 15&sam les, W(ere taken at; on@‘qnetre int r%als ‘Twenty-one samples
were. taken. from the cdres: 'Qf )DH 1 ‘betwéen 10.7 and 33 metres énd (] samples 4 f

. srom those of. DDH 2 between 25 and 121. 4 metres. P



Assaymg and test'mg n

he ferrugmous quartmtes were assayed in ﬁ"ie prOJects own’ laboratory, ,and a
s‘ample of several kilograms was sent to the Warren Springs ‘Laboratory. in” the
Umted Klngdom for mlneralogr al- study and-preliminary beneficiation tests. -

' / laboratory and at. Colu nhia Un1vers1ty (Umted S’Eateé), and a series of duphcate
_‘s:,amples from the cores.of DDH 2 were sent for. assdying an%estlng to the-Warren™

s Sprmgs Laboratory,,Umted Klngdom the Eldorado Mmmg and Refining Laborar o

: tory, Canada"and the Internatlonal Atomlc Energy Agency, _Vlenna BRI
T Tmck cutﬁ’mg tmd bush clearcmcg Ll 1 ﬂ SRR R .
T “ . T the thickly” overgrown Bir aréa, the'mtn® oceurrences can only be reached
e g .-;by cutting tracks through the’ bush‘ and all exploratlon‘ must be-preceded by line: ¢

E o -clearance’ The. main lines of- ‘communication opened up: by the - prOJect are: from
/9y e L i~ the main Baidoa-Dinsor road to Bur Galafi; from Bur Galan to.Alio Ghelle; and

g $-.-.,;, from. Alio. Ghélle to,Blsseqh Adde In all approx1mately 350 km, of track were. bullt '

" . \ and hne cleared (ﬁgnre 8) Much of thlS Work Was done in, 1967 and 19 8.
Lol rea B s NORTHERN PROVINCES’ S ’ | :;', o 53 f'.;‘ N
e "The Work of the: rOJect_ in the nofthern provmces yvas hmlted to checklng aM .
oS expandlng the ﬁn‘dmgsj _—t;he Brrtlsh Geologlcal Survey Most of- it, was-eonfined - -
P “ i_ - to the@Berbera and Hargeisa dreas’ where all’ locahtles can be Vls1ted by Landrover .1,_5_,_
T T LT AT 0 yehicles-alomig Streamibeds and: a&oss country g 2

e o L ” Reconn'alssance traverses ‘were ‘made along. the road_ ,d paced tra‘verses on

el the more proising: sites.. On: the prihcipal mineral occlrt efices;” the: ovenburden, S R
S " _was, cléared and sofne’ ‘pits ‘and trenches: dug. The: ‘$amplés’ of ‘ore and rock: were -

s studled mmera!oglcally, .the,surroundmg areas Were olnspected in detall and smallJ -
Lo T f-» scale geolog1ca1 qnaps were prepared Ex1st1ng mlne workings were also. examlned S
PR T In the autumn of 1968 the equlpment and personnel of the prOJect Were moved.' LT

L =B urug anea. The Burao axea Wa’s exanunedhydrogeologlcally and two locahtles
s IR R Belr, 20 km east of Burao, ~aﬁd’Gao, 100 K west of Burao, were chosen for drlllmg,
. NI although the ch01ce of 51tes had not been made ﬁgf( January 1969 '

. The' samples of radigat -','ve materjal were. assayed: and tested in the: prOJéct; .







ff B o The are\ ,expToredeby the pro;;ect cothalns the following rock forrnatlonfs (ﬁgures 5a

‘\ so.9,10 ahd maply R
SR AN “a) - Pre-Cambrlan basement crystalhne rocks oyl I
+(b) Inti:gswes Lo T et 4'5 L
"(c) Overly ing Jurassic ca:rboﬂate sedlments SO
Sd) - Quaternary and Recent suirface: accumulatlons

The basernent rocks can be subd1V1ded hthologlcaﬂy and stratlgraphlcaﬂy 1nto a

r»J_

ST T lower serles conmstnfg@f gnelsses and an upper serles conS1st1ng of calcds%hcate rocks. . ;ii e
BT A A . e \ SR T e e s
T «»,Bas‘ement rocks P're-Cambman T N N e e s

Foeoo T ‘,{Lower serles .’ L T e e -‘;- - f\\\
LR L, The lower series occurs throughout the agea but is most concentrated near t’H(

cat S lcentre It. cOmpnses schlst gnelss, am hlbohte, quartz1te, and confor‘ ' ‘bl’e, bedded
L .mtrusrves. N ¢ _ Tt :
N Most of the wer serles cons1$ts of mediuni or ﬁne gralned melanocratlc to‘leuco-;-..:—
A cratlc a‘hd aphtlc tﬂ)tlte:ghelss contalmng varlable amounts of blotlte, potass;ums-,, :
: ~fe1dspar ‘and- quartz Wlth acces rfy sphene and garnet The gnelss grades 1ogally
":;into"b kite séhist, - j)
R j=typ1ca1 éuccessmn along a trlbutarylof the Bur Acaba tug, O km north-north-» d RO
x;:?fewest ‘of Bur ‘Acaba, ,rcons1sts of biptite oamphrbole ‘schist and- 'gnelss with mfnor T __,J T T
S 1nterlayers of »amphlbohte in beds from 2 to b metres” thick which. trend N—S and . g TS N
| L - % [ dip.at anglesof; 30710 40% About- 10 km tq.the north; amphlbol’te predomlnates AT NS S S,
JUL T R "and g even’ “be TéSponsible for the. magnetlc‘anomahes in;this avea. . .57 -

LR A B Southwards th\jfamp tibelite “grades - ‘intp 4hin- alternatlng beds of 31lhman1te—'~
N : ;;"blotlte gpieiss; blotlte-amphlbole schist and amghlbohte e R SRR

AN twardy’ from Bu#: Acaba, the serles* passes: into "pmk,.leucocratlc aphtlc S ;
s ‘zf/g?amto-gneass whith oceurs in \beds ;up to -10.. metres-thick alternating wigh ‘beds RSN
: one metre thrck of amphlbohte an amp\hlkﬁle schlst The serles d1ps Westwards B
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Tn the Lugabaro area, the serles is domlnated\by\mlgmatlzed gramto- nei
The rocks of the: lowe‘r serles are “probably Middle Protere gic. .
1nformat10n as regards their thickness and it may be several kllom bres. s

. The rocks of the lower ser1*as can be rdent1ﬁed on aeria] photographslby lthelr" .
hght colour and %nely banded|structure.- Dark rounded spots, some 250 metre :1,-*"

diaméter.are hollows which hold rain-water for Tong periods and are heavily~

grown. They are evenly dlstrlbuted throughout the area tnderlain by theflower
C ser1es, he some. 1-3 kmapart a,ghd are surrounded by rad1at1ng tracks '

/—._

\‘-’

>

Uppersenes —— e e L .

“The upper series.is fouhd throughout the Bur area 2 but 1ts*relat10nsh1p \mth thef S

lower series has not been deter;?med -It comprises nurherous#ock types wh1ch can

calc-s1hcate rocks and carbonate rocks A

. b

\be subdmded 1ntb silicate roc
\The first. two ty1\)‘eS ngommant N

© Thi geologlcal succession is, V1S1ble at many pomts One outcrop shows amph1bole o
:blotlte eisses of the. loWer “serieg, interbedded by bands of granitosgneiss and .

" conformable aphte dikes. and 3 B
-~ grairied. marbles. Els here, the u‘pper\semes cons1sts of marble or.of, calc-s1l1cate |
- 'rocks interbedded with thin ‘calcite. - '."\ S J ' i

At Modu Mode 25 km north;—west Qf Bur\Acaba the s1hc1ﬁed marbles contaln‘,

hich are- continued by cream-coloured medlum-

;;24‘7 P, 05 The beds strike N 10°W and dlp urhformly at 80°-40°W.. They contdin

bands of pyroxene-garnet rock which re embles s‘kam and Whlch is;
* “along the-contacts between the marble ' r

- of bxotlte gheis ms‘amphlbole and' TN
~of the wpper semes in this area,

C were found west of Bur Acaba, within rocks-classifigd as orthogneiss. The relation- ;,-1
- .ship- between the:fwo is not apparent. and aer,
" that they persist- downwards The quartzites form low-ridges, as at Bur Galan, -
- isometric'outerops, from 1 to 15 metres hlgln and_covered by’ boulders as at Daimir,’

g w1th the. ?:alc—sﬂlcate ,and carbonate’ rocks ‘cons cuo\

In the Western part of the Bur“ area the 'uppe ser1es cons1sts mostl;r of q‘uartmtes

. thickness+is between 2,000 . and 3, ,900. metres.-At Dinsor,, Eg werta, Bur Galan and -

els‘here the country rocks cons1st -of white;: ﬁne t0. med1um-gra1ned clearly
})anded qua{rt%rte -with' minor ~1nterbedd1ng of . gheiss. and gramto-gnelss Arkosﬁc
qua\rtmtes crop out. along the road bebween Iscra Baldoa and. Dinsor. = . - \-

The ferrugmous quartZItes belong to the upp;\ﬁenes although several outcrops

niagnetometer. ﬁndmgs 1nd1cate,

- or accumulatlons .of blocks and debris as in° the Quadla area. As measured thé beds™

- range-in thlckness from a few_ metres to 40 nhetres, but true thlck,ness is not known

i.because'th’e beds are severelyiolded and faulted Lo s

In the central portlon of the Bur area, ‘the i upper serles is 1ntermed1ate between

) th e\nast and: the west, with quartz1te, marble, and their assoeiated rocks equally P
-+ abimdantg and W1th ;2 qronounced dommance oLgn\alsses s1m1lar to ,,those of the B

].OWe} Serles N ' ’ ) .‘ DRI 5 ,,— o v" " U a ’ : ;'

/‘"’ ._\,r .\_' w b ,"_ e 7
\ N RS

abSent Tts est1mated oi

5'*

stly found - .

W




~ -s_caponte, 1 and apatite.i 'Dol ) I
" .seapolite, 'quartz, .sphene, spln :

oot s forsterite also ocedr., ™ - . . . o e
R R Aer1al photographs of the ‘areas underlaln byt yf)"éhr'“‘éerles thow a coarselyy e
'~ . . - 7 banded pattern of alternate hght and* dark bands, or efSe: feature ess areas.. The- \ S
N 'quartmteerldges and block es; and marble outcrops g1ve 3 rugged mlcro-rehef IR
RS P AN whrch stands out wqall on aerla photograph§ R R \\\ L
teat Int'r‘usives/"_ o L o S
Gramte . - T ot \_\“; |

N »conformable W1th the enclosmg me.tamorphlc rocks Exposures are mostly poor,
, ut the massivé gramte crop out in places as sugar-loaf- domes or bur& The ‘lzfrgest
SRR TR n\the western part of the atea, near the Dlnsor-Yaq Brava road. Two main -
€ LT types of- gramtewere identified there: The first, masswe pink to yellow leucocrat1c
e med1um—gralnedgranlte and the second blotlte orramte W1th gne1ssose structure:--
o Large xenolithg of gneiss occur Wrthm the mass, and the blotlte gramte seefns '
- - "also to be x’énohthm s N TN
T : In the eastern. part of the ared, ‘the hill Bur Gul o\cons1sts df mass1ve, pmk TN
BT ST .coarse-gramed biotite granlte, while numerous ‘small b mrsqmmedrately to thenorth . "~ - _
" -~ consist of fine to. med1um—gra1ned blot1te granite whlch ntains. up td?-(%per cent' SRR I
s b10t1te and large porphyroblasts of microcline, * ... 2 ' '
* The Bur Eibi area contains ﬁne 1o, coarse-gramed blotlte mte and medlum f R
Lol e t.o ﬁne-gralned gramte with large prophyryblasts of microcliné. Iirthe Bur, Deg1s. R
.. ‘aréa, west.of Bur Eibi, the gramte is-mostly hne-gramed and plnk togrey. ‘Near =" - - .\ <™
e f Modu Mode village is a ginall granite boss, typical-of those that cann%)t\be\seen' e N
Yo e ol “aerial photographs. It also contains. _grano-syetijte ‘and: syemte which appear = - - % ’é T
‘ LR to be w1dely distributed throughout the Bur arga. Both contaln appreclable amounts" N 2 l
T T “of magnetlte in gra}ns as large as 2 or 8 centlmetres. . - S -
v w0 The Bur Acaba Branite mass, was stud1ed in detail. It is- oval in shape, trends Lo T
L sl north—west\and is some 7 km by 4km in size. Its Western contact, some 8.5 km oo~ e

P ; . “from Bur.Acaba, is comfor‘mable with the surroundmg gneisses and amphlbohtes PR :
-/ '_ o and can be followed over a dlstance of 8 ord km ‘This suggests- that the actual’) 10 o

SR bur is only-a small part of 2 concealfd intrusioti, as is probably the casé: elsewhere. B R IR

« ' The following types of gramte were identified: 'medlum-gralned,.frlable, blotlte . \ A
el gramte, fine-grained, - hard; aplitic’ granite; med1um-gra1ned leuff¥granite; , and N

B LV medlum—gralned yellow blot1te granodlorlte ‘with rare pmk m1crochne por- TN e
T phyroblasts T Ty T e e Ve : SRy

SO . The-inassive Varletles are dommant and pegmatmd segregatlons from one to i S s

LW
'e

<

S B \three‘metres in size are abundant. L o "g s\
Ce '\i\ ‘ In. splte of the' varlety of gramtes in the Bur area, they all seem to belong to VR N I
e an old intrusive complex and no ev1dence of younger mtrusmns was.seen. ol R o T
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o crted as being widely. distributed throughou thy;

Coarse-gralned\pl oclase and hornblende rocks ranglng

aeromag&tlc anomaly No.. 5, a drlllhole cut 1nto a dark coarse-'
consxstrng of- plagl aclase, - brotlte and altéred hornblende- . - :
-The numerous basic Yock masses shown on the geologlcal map-of; the Bur area
\were inferred from photogeologrcal and. geophys1cal evidence. There i is no d1rec‘t L
corroboratlon of thelr exlstence as the area is devord of outcrops o :

-

. > N R . . X Cw e

Aikallcrocks \\ = e R LT B
. "'The _presetice of syemte\in\the,

'amte boss near Modu\Mode vﬂlage has been

_ ur area. Drilling-has shown this
type ofi rock to be associated with the thdBu

_ FIutabns n1um° mlner;‘ahzatlon and tobe . -
; " intrusive in the Pre-Cambrian amphlb le gnefs: The mineralogical pattern is com- . -
plex because of “associated 1nJect10n galbltlzatlon, and mlnerallzatlon of thesur- . * N

L roundmg rocks TItis. descr1bed in cha ter'V deahng with the Bur area rad10act1ve

occur.r cesm_ e S e L A

RS Pegmatltes T ST e .o 2

! Pegmatlte and aphte d.llés%are common 1n. the metamorphrc roﬁlcs and also 4 .4 .

AR

l | A contmuous eluv1al-d11uv1al mantle of recenﬁ' origin covers most of the area. On

- penetrate: ‘the gramte masses. ' Th pegmat1tes usually forim-lenticular, 1‘mpers1stent -~.r.~,— — 3\
_bodies from onggto five, metres. tthk\, mterbedded comformably in the surrounding f_-: -
rock ‘and \mthtgrtadatlonal contac the granites. Most of the veins containa. -~ ™~ . -
_ ¢ore:of quartz from one to: two ‘metredgghick, surrounded ‘by an outer area of. plnk~ D ’
pegmatlte of variable structure, in- places )¢ talnlng microcline crystals as large

' as50 cm Some pegmatltes may be ‘younger thant *domlnant gramtes for mstance,x ;

north of Bu1 Acaba . f-r L

.,vd

Jumssw sedzments A e L\ . '_ D B S S
hese ese rocks elther surround the Bur upllft or lie in tec emc depressmns such as

-that neanXaqunava They;are referred to.as the Hamanli series and consist mostly

- of. limestones ‘which ' contain: cldyey. or silicified algae, with subordlnate amounts..

- “of marls and of coquina hmestones The’composition of the beds remains constant e
-qver-great dlstancesK They are subhorizontal, dip gently north near Iscia- Baldoa, C ok
Da1m1r and Dmsor and form a plateau shghtly tilted away from the Bur‘uplift' ' .

: The thlckness of the. serles m the Bur area is several dozen metres, mcreasmg
gradually northwards -

Quatemary aecum:@atzons N : ’ e e .

- : : o L e L

. the Jurassic limestones, this mantle consists of:0.5-1 metre of’ clayey soil, but over .
_ “the basement rocks its:thickness can range from a few decimetres:to 20 -metres.-
B It Feon{srsts of brown'to brown-grey ealcareous cldy which passes downwards to a-' LTl
coarse detrital eluvial material. The quartzjte terranes are usually free of eluvial - PR NG
cover, Wh1le over the schlsts and -amphibolites, the cover reaches max1mum thick- - o ‘
ness. The tug valleys are ﬁlled Wxth alluv1um The smaller tugs have brown sand
Whlch is r1ch in magnetlte near the ferrugmous quartzite. The valleys of the large o ~:
tuyf are up to 2, 5 km w1de and contam- 20 metres to 30 metres of alluwal clay, PR



'_ r_;" _*_clayey sand and' gravel M any of the tugs lack a- Well deﬁned channel 1n the1r L
s lowers reaches and cover: large areas ‘with proluV1al accumulat,fons The Bur. Acaba. -

"f o o tug empt1es mto a broad proluv1al plaln 20.%km south of Harera. The nigin' channel - ; s o
Bl i'spllts -into ‘a number of 'small, femporary " streart-beds which, meanderlncr\ over.
the plaln have bu1lt up a thleIIQSS of several dozen metres of clay, sand and gravel

. Jurass1c plateau and ‘the basernent rocks ‘These cahche crusts may be dense and " " V,_.T .
umform, porotts, varlegated or- brecc1ated From the, aer1a1 photographs they appear i LR
to be common also,, n -the southern part of the Bur area P

e- t1ght hnear foldmg predomlnates are cons1dered to be antl--
_cons1st mostly of rocks of the lower ser1es The synchnal zoneS' P
ding.and-blocks of gently d1pp1ng strata. ;-0 : e
iclinfal zones have thus been outlined, ‘Bur, Acaba and Bur Ghelual, DA
entral synchnal zZone, The area south-west. of Bur Gh.elua1 corre- -, / o

;the outh—western \gramte mass T e e BT T e T

B Acaba and Manas, to d1sappear under the Jurass,w llmestones The formatlons Bl

: ' er sefies, .which constitite this area,, dip at high angleS*and are: compreSSed - P

to a.serles of tlght hnear folds str1k1ng WN W—ESE in accordance W‘l}h the general L o

3 sVerse synchnal fold cuts the-Bur Aeaba nalhchnal zone east of th‘e town o

caba. The structure was not determingd hiit the marbles and %alc-sﬂmate .

amined in relation W1th “the Modu Mode phosphatlc occurrence Whlch d1p el

0°W str1ke E-stome 2 to 4 km to the east SFE . 3 . _‘_“:'3 RERE

g

‘ and sclnsts dlpplng At Ararlous angles from 50° to Vert1ca1 ThlS zone termmates -'}}j : o S
v-;"between Da1m1r and Bur Safaranole1 in the north-west e g R BT e

. B'wr Dawn syncl;mal zone '3;1} "};:..' 'jf'- T ,f o s R
e The Bur Dalen synchnal zone covers the north-eastern part of tHe Bur area a.nd~ '
) s cons1sts of three ‘minor synchnal folds Wthh contaln occas1onal *outcrops of rocks S
A = S . - . : ) . - S, G oY .
} a & - ’ N B R A‘ ‘_ ’ 49 . > " ‘

« ' ' s ' P ., - —‘ PR . R L_

K 4 P : - e e - o




of the upper serles.v All three synchnes trend tfo ards the north-west w1th local
dewatlons D1ps generally average 7 O° but occasnonally are as, gentle as 30° o

‘ .

Centmlmsynclmal zone : :

The cehtral synclmal zone extends from Hararech to Daumr and 1s charac- S
terlzed by three linear’ folds Wlth undulatlng crests: and by lsometrlc and brachy- P a
foldmg The- Dalmlr synchne Whlch extends toward the, NNW, dlsappears tothes o7
5 "no;i‘th below the Jurassm formatlons. It pontalns the Bur Galan and Manas synchna:l Tt

folds Faultmg and secondary foldmg produce numerous varlatlons of¢str1ke. ’

C SOUTH-WEST GRANITE MASS |

Several elongated’gramte outcrops appear to merge at depth to form a smgle largef‘ P
s gramte inlier. THe trénd of the gheisses and schists; preserved 1in thé i'oof pendants, BT
B ~'::, and ‘the gnelsSOSIty of the granltes outline the Jnternal structure of. the area. In. "7 .7
R TR _-the {east, the" Tocks tre?nd persisténtly towards. the north-east, i the west they ~© .

S Th trend north-south and in’ the so:uth they trend east-west outhmng a Vast struc......,, LE

'("'.
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;f215 km to Af.g

':Plans have been r%ade to surface the road

" '{the Guxba Rlver 35 km north of .Barder@and 150 kma from the 1ronstone occur—
frences e RN SR AR '

.,_oeeul;rence of ferrligmous qtiartzn:e "‘_those of B_li_r Galan and 4~"'

had’ ng"been €ons, dei‘ed suﬂielently mipo,rtant to,v arr@n ecd omlc study

dlstnct Where the' pr1nc1pal occupatl"' nis camel and goat breedlng.

,{‘reachedaby 10 km' of pamel track from the Baldoa-Dmsor road -sorrie 50 km south-

(ﬁgure 2) and then* to Mogathsclo by 25 km of tarmac roads

.covered by thorny scmb A feW 1solzited burs "break the topog’l‘aphlc ’monotonsg Rl

Except for the Gulba Rlver in-t the west,. Ti0 iaerennfal streams-flow: ‘through this :

terrltory Water.is diawn from. eatchment reservmrs and. from welly-dig around- » i

" isolated hills. From June to September and f/r%December to, March( the W&ter

shOrtage is.acute; . "
A hydroelectrle dam Wlth a capacﬂ;y of 100 megawatts (MW) is prOJected on :

o
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- fj,‘;; -}ié
carbonates‘ occur frequently Wlth velns of altered carbonaceous an granltlc\‘ S 1
materlal Small exposures of gabbro and amph1bol1teoccur along the _ontactwof S AR (
, g1nous quartz1tes Wthh Wlll be descrlbed later are Wldespread througho. t
Tl ut oecfir espec1ally along a Triaif al1gnment vsﬂnch contams ‘both’ Bur G‘ralan and s
s Dalmlr The adJacent rocks: are) mostly gramto-gﬁelsses wlth qhartz pegmat1tes & -

REREI F Accordmg to the photogeology, the preyalhng structure of the base,’ ent rocks o
i]- 4' is"a serfes of narrow, subparallel folds’ Wthh strl,ke 55°SE. Fold ﬂexures ire gently .

¥

undulatmg and show onh the photographs as a ser1es of closures the pattern bemg - v;"\fl",;e",'_j_"_", ':

v ent n the‘ . -V ‘v‘;}.jn ‘ .
el  ared. The metamorphlc rocks are; entlrely overlaln by I‘eddlsh bro msand which .~ L S o
RIS ¢ (;ontams quartz, and iron. mlnerals The gramtlc rocks are overl‘a . by grey san d e
B R low 1n 1ron content e e \\\‘ \ _ S i e T
. Ny e
Prmczpal features of zm%bea’rmg occtwences :.; | | o

The outcrops are typlcal .of the numerous occurrences of banded 1ron, formatlon A
o Wh1ch exist,in all the Pre-Cambrlan areas,of the World These rocks are umversally ‘.:« 3;;“‘
A * termed banded hematite quartzrces (BHQ)- or: banded ‘magnetite quartz1tes (BMQ)
i , accordmg tg. the dominant’ 1ron-beamng mmeral These abbrevxatlo‘ﬁs W111 b.
R ;adopted\hereunder.fTaconltes it . Sy

. ar .elther-‘ I :
Ubere , ‘t’he ‘fo"rmatlon afd are between~]:5 and sZO: P
.metres Wlde and 5 yeral hundred m,etres long They strike’ most
-.f‘.Wltl’h steep, éenerally northieast d“lp the strlke is locally 50,.....:

. Il"he 1sometm outcrops occur as Wlde, gently dlpplng folds often OV T

BHQ boulders on'the hlll-top and, with accumulations f quartz: atI the'foot-.;'
changes of strlke are frequent accompamed by.a Wldenmg of the:d
I, .' 60 metres through duphcatlon by foldmg Thé contact between 4 le: d
. rgnelsses ‘and gramtes Wais”seen in, several trepches and on: several outcrops. The

N BHQ frequently appears t0_be sheared along the: contact but the exposures Were' .
' o Weathered and the observatlons uncertam. oo - Ci et Y
’ .;' 'v :*.“:‘ ‘ j’ :" ;A‘. " : T -‘ B -. '-;'-‘ 'M‘ - : "‘? : e B ‘;w' o . \ A | : : )
N ij.{ _" ‘ C. . DAIMIR OCCURRENCES ST s FER L e
“ Lo T ) . : o ) .‘.: -
e Sl "‘he ground magnetlc survey outhned two anomahes,_T eastern one is 3 OOO T
P metres long and from 100: t0-300 metres-wide, It.contdins large. outcrops of BHQ. " .

T “<The Western anomaly is more complex and contains: three'azeas of d1ffer1ng magnet1c SN
A - 1ntenS1ty Exploration was-largely conﬁned to the eastern anordaly TR A R PR
- +In theeastern anomaly, the BHQ outcrops’ dontinue’ no;th .of “the pr1nc1pal L

S occurrence as two. parallel bands: separated b}\xelsses ‘Albng its contact with thes LR -:{, TR

e BHQ, the. gneiss is enrlched in mica and-iron “‘minerals ‘which rapidly dlsappear S

. . .- withvincreasihg distance. The main band ¢an.be followed over 4 distance of 30 km." L e

Rt ; ‘towards'330°—360°NW, occas1onally thickened by foldmg to as: much as 100 metres. - 'm“;-l TR
SR, The second ban‘d co,ns1sts of a series of 1solated outcrops ST e N T e T
. . .‘ ) R ) : v : .__5. ';l L ) B f"." ‘ '_/j‘:(;""' e ‘.- /- .
' SRS ;. o B
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i In the Western anomaly, the BHQ 1s s1m11ar to that of the eastern amomaly, but*;_." st

s con51stent outcr ops occu1 only towards 1ts southern extremlty Wlf% gentle but. -
g v‘arlablc dlps s D T e e
R - The BHQ varies in texture and structure ‘and-is strongly folded -and faulted SRR AN
The twe oceuirences probably lie.along the eastern and western flanks of a morth-* -~
south synchnal fold; p0s51bly accompamed by a gentle*overthrust from the south- .+ .=
Lo . west: Some fault, lines are crossed by quartz-feldspathlc vems and the occurrenee W
| ‘ 1s probably partlally granitized. e
R SRR " The “outcrops, some 520 metreS'Wlde, onslst mostly of hlgher orade BHQ{;'::‘,_].-',’-
o "Whlch was more resistant to- Weathermg ”*Accordmg tothe. geologlcal and geop_hysmal}f -
“data; the overt-all Shickness of the formatierris around 50 ‘metres, but 20—80 metres Rt
Doinin o g of this-conSists of low grade and 1ess resistant matefial. SRR Sl T
SR e l,)’ At the.base of the foFmation 1ié.20-30. metres of Well banded qual tz1te low in. o0\
W "  dron, This Tock is cream- coloured";and contains’ quartz or ¢hert bands up-to one .0 . .
SN centunetre thick separated by ferruginols bands one:te two millimetres thick. . . -
e ; In the middlé of the. formation, the quartzites are hlorher grade the. bandedstruc—
P e ture ocsas1onally dlsappears and velnlets and gralns of recrystalhzed quartz from "

05~10cm 1ns1zeoccur in therock e A R T A
"% R o AR ST
? \»: ian _'..., .!..'v L ;'. LR A ’ . . ~-\_/, ‘ _' ‘ L " . "1-', . - “ \ ) - R ] , . .
: Composzt%on of rock SR R P )
. ,~. ‘g A ,,us e e RO 3 P

Magnetlte constltutes from 1 to 50 per cent of the rock It usually occurs 1n,,lso-";-;. v
“‘morphic or idiomorphic grains, 0.01-2.5 ¢m .insize, or in aggregates 5-8'mm im0 <, v
. ~diameter. It ‘is usually‘;nartmzed except for: some’ 1d10morphlc grains. In’ some',f; R
samples the magnetite is ‘nearly all replaced and martite dccounts for 40-50 per .. L
. cent bf therock Irt others, martlte oceurs along ‘the edges and ﬁssures ofthe mag-+" ‘+ .~
- netite.grains and acebungs for only. 2 or 3'per. cent of ‘the iron in the rock. Inde-- T
pendent grains of hemat1te can also be found, "possibly formed: durmg martitization.. » -
* Tron hydroxides-are rare, generally found along the edges of the martite crystals
or asisolated grains up to 0.2 mmin size. Pyrrhotite, pyrlte and chalcopynte oceur . -
sporadlcall‘m as small isolated grains. Amphlbole oceurs as pale green grains Wlth N
" polysynthetic twmmng Monoelinié ‘PyToXene, poss1bly pigeonite, occurs as rare
. - -.sthall grams?n the quartz Apatlte is rare; sporadlc, and occurs. as small isolated. ' - .
SRR P crystals Quartz t)ccurs as chert‘in‘the bandmg, or as lsolated 1rregular gra”ms or.-- L
R '?;':u pseudomorphs up 0 8cm long and 4 em thick. =~ L » i
: - Th thin’ sectlons, the téxture-of the rock is coarse-gramed granoblastlc and,.
snderomtlc with thé magnetlte or Inartite developed insthe- mtel'granular spaces ., TET
E l)f the qilartz. The structure is mostly banded( occasmnally speckled or uniform: - < -
W “The. Daimir océutrences had-not previously been sampled The assays.of ¥he =~ . =
R 10 ‘samples selécted by the prog,ect as typical are given in table-2. They show that - - .
S the iron content of the rock varies between 20 and 28 per cent for the lower grade el
" material, and b®weeri’ 35 and 40 per cent fo' ‘the hlgher grade A small lens of SR
hematlte assayed 63. 2% Fe.. .17 o ~ \ B o T
e The rrecaleulation “of thg assays g1ves the fol owmg theoretmal composrtlonv;;
(m percentages) for the ore: e _~ o T S
PR O ‘-f’-’5 : Martlte _ 20-40 S . ‘A1203 o ‘_’.'_—'. 0,.?1¥Q.9 B
; R "j Magnet1te f = 10-60 (rare) €40 + MgO ='uptel8,




e . L0 i © DAIMIR IRON ORE ( CURRENCE ASSAYS OF AMPLES R T I LS e
T U Y U B RSP (Percentage) T SRR S SRRV
AT e e T R . Lt A

Sample S L T e “ S e T
nmber = Lo’cation . Fe . \Fe203 . Fe O S102 ‘ Al,O; PAOS 'S MnO CaO MgO. AVK2O__ -Na;,0 Lo '.!'120 - Total’

1
#
s

% e B \

"1 Duterop line 7400 - ".'-;2:3 16 "3,1=~.22 1 '44 6316 057 008 0.3 *f.o 04 172 o 10 50.09 009 175 0.03 . 100.29
7 2 Trencr8,ling 7200 865 4869 2.68°47. 34 % 0.55 003 0.02. .06 0.08 .0.15 °0.09 - 0.07- 084. 0.04 100.07
8. Trench§" LY 293 ,'_':36.60_, . 44577 .57:23-°.1.10. 003 0.0 0.08 $0.03 012 0077 0.05° 056 0.04 10031
7.4 " Trench 10 .,A“,.-_:g,z.s., 41827 (443 5172, '_0.93- 0105 0.03 003012 017 007 . 0.05  0.56 006 100.01,
.7 . B.- . Outerop line 6400 396 5195 '3:83 #4204 48 . 12 008% 008 012 0.11.0.08 0077094 010  99.87
22" 6.7+ Rubble line7200° 8T8 186 - 859 078 0.04  Tr 2008 0.02 020" 0.07 8.04° 0.57 100:08
757, 7 Ojaterop line 6000 554759 . J0.857 0.0 . 0.01  0.03° 043" 070 .007.° 0.0 098 006 9950 >
. .* 8 Outcrop line 5600 . - <215 0.1 10.86. 0,07.. .0.04° 005 -0.05." 013 . 0.07 - 0:03° 073 ~.007 9977 -
19, Outerop line 5300, . T80 47167 0.86 .0 0.09 0.04 - 0.07  0:32 .02 0.07 0.3 0907 0.02 10008
L0100 Western alignment . 12457 44.89 049 10057 002 005 0.557 103 _.~-Q.Q7 T0.02 0.48 012‘-{ 100.24"
‘” .-:.y - : ’ . . ¢ ;A" p ,-. _; “ -7. X . ';_'v . ‘ ..o ' ) o ‘ S K ; o, | .
- ._Y. A L ‘ :., N l N ' , ’ ] - .- @ S P “ 'V.‘. ‘f s : . ‘.. -
5 '~ " \‘ t, . ";;l.l ‘ht R ‘:7 ». 'Vl' ' R ; v.. o _:; ‘-. t”" i - “L. ) .‘_ '. :
e e RPN . A A | RIS
:h - :. ' .. , o ., - .‘.- A v‘ » ‘;\ L} ) A ,\; ‘.' . \' - - Je
S LN T R . x . e
A“%'\ “ ) ' 7-‘~ . ’ '- - Co v ) : ;  '~: \ , >
R . : o T ‘— -;VA_ - ) v / et R
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- . north—West 3 ZOQ metres long,

E reserves. -Not enough"ls known -of the Western occurrence for it to.be 1ncIuded A
“"the est1mates The, followmg figures 6n: iron_ore resérves- can be assumed for the L

’-I‘hese results cor‘l'espond»mth those prevmusly obtamed by R Holmes on 6 -

samples from the Bur area,‘,_* i~

Work is sufﬁc1ent to g1ve only dn - order of magn tude of the potentlal 1ron ore o

L . eastern OCCurrence l'rom the geologlcal and'}ophysmal data obtamed S VN

Length along str1ke ,j

4 R . 3 000 metres
A' i ".'Ay'erage thlckness (mcludmg low grade) e

Assumed extens1on bel’d‘w mea“n outcrop leve1 5 ':, £
Specxﬁc grav1ty : . . w P
i 3_{ Volume

15 000 000 m3
48,000 000

Tonnage (ap'prox1mate)

.vs~\a....

“¥rom 10to: 7() metres ‘@nd 1{,ethelr outcrops‘ cai be followed along several kllometres‘ A

'w1th dlps of 80°— 85.° to the SW ot NE. : £

'~u

.

Theanorth-east and south-east ﬁanks of the occurrenc‘e W

For purpos: estlmatmg, the occurrence"can be d1v1ded 1@2;

.. . - ES . T o -
- - ~ . - ©n
N "3 ” - LT e . .
T LA " . ‘ 5 PRt R .
: N - . SRR R e
i Ny ok .- S
» T P - N ’._a -
o - ¢ w o PR : x v -
. . L et
> . L LN,
TH . Vi [y X : s T

rDhe central area of the outcrops & cut by a large fault nearly 'parallel to the R
: bedd" ing accompamed by shearing,’ Crushmg, and mylomtlzatlon The BHQ,ultselfT R
% s ]ogrnted foldéd and cut by a seriés’ 6f mmor faul;ts"and by. shear, zones from one &
i to ‘ten metres W1de The ‘major- outcrops are- accompanled by: thm subparallel lenses . -,
“which are mostly 1nd1cated only by surface debris. The thlckness of the beds varies” ™.

The beds contain intercalations. from’ 4 to 20 metres thlck of gne1ss, ser1c1te
schlsts and other rocks Wh}Ch Wer»e followed on the surface for several hundred

Y ;;A ens of coarse marble, 10 to 15 metres W1de hes adJacent to the BHQ over a e

:dastance of 1, 8@0 metres in thé central part of‘the outcrops, - oM o
S , _:not explored belowf_“_ .
" ground and;" _,here is httle 1nformat1on as regards ‘their . structﬁre “The magnetlc S
ok : tcrops suggest the'p prg.ence Fof several th1ck bod1é¢ 1mper-.= .

n—: CE

‘three main areas: S
ceiltral -5; ‘400 metres loﬁg, sou“ﬁh east 3 200 metres__;fi"

'100 metres -'_,.,. .'f _ f ; o

50 metres ‘ \ o
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; ?j'. ,' . of tBe ,ccurrence but Jom andutaper off towards the n01 th—west A snmlar pattern
e s found on the horth-east flank. Two. ‘more heds, 10 to 20 metres thick, lie con-

* : ;_55'»: - A north-west regional fault cuts the’ beds accompanied by a.series. of minor- faults

formably with the major outcrops and can be.followed over a cons1derabl,9 dlstance ; :i‘-" .

R '.;j Whlch strlke dast- and’ divide ‘the beds into blocks from 100 to "150.metres. long
AT A bed of coarse marhle 10 to 15 metres th1ck and 1 800 m tres lon hes along the -

e . The BHQ in the south east ared outcrops ona h1ll and is: contmued to the north- :
West ‘and the so&th—east by a s6r1es of exposures and patches of surface debris.

S ~ The " ‘beds . Were followed by a- magnet1c survey, “whieh'- outlined- two- cons1stent

Lo g fea 'ures (trendmg m‘ﬁth~West and a doubtful feature 610 metres long The Wldth

- s 5, CI? e format1on 1s cut by faults trendmg eastwards but the reglonal fault here
BT "»",passes to: the north PR s T |
"“-"Composztzon of rock s \‘ ot S j SR M

et e ,.The Bur Galan quartmtes Were not assayed but Were exammed mI{Z;OSCO“pIC&Hy
SR and Were found to be s1m11ar 1n composmon with ‘those of Da1m1r and to c,_- ]

L ; e By had the followrng mmeral compos1t10n (m»percentage of sample)

Ry R : - . - e

Sample number

I ._‘v.l': .' ‘: R . . P

o ‘ ° : | ' ,' , 1l “" T 2‘ o -, ) \ : 3 . ,- ‘ .
° EE o “ : . i Mal'tlte o ) : tj‘.v;:: :7 50_:5'5 ; S 56 S Fa e o ;
co Wt oo o0 oo Magnétite o 02780 ol T 5—10

. ; —; e .._,.‘. leinte _. s 3 v _t '“k I 3 ! .7 S "\ .

K‘ .v'Potentwl geo ogtcaf\reserves ‘ Lok Lo
A Sl - iy . ,_; K - oty E . :

. Estrmates of the)ron ore reserves at Bur Galan Were derrved as follows Measurmg |
the areas of they%@* formatlons from the geologlcal map ,to a scale of 1 10 OOO
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the outcrops, one obtalns ST

. Cemarea :‘-’b."" - e ;. L ': 78;000;000 ths By
X North-west area P e T e 3'5 000,000 tons " - A
B tf'?» South—east area -» e i;‘:_ L ;- - 6,000, 000 tons ‘L R

TOTAL ' 119 000 000 tons

A closer estrmate of the ce »"al area Where the outcrops are more cons1stent |
", Total length e .f, __:,,* S R 4,0'00,meters A

el *Assumed width - LT e e f:
) “‘ : Assumed depth,_"';_' S ';_ ,100 metres

~ ,'L'T,pnnage ER - o 64 mllhon :
. wo L ;] T 1. : N . et

_-‘E BENEFIGIATION

Iron-fstone contalmnd >30%—40% Fe and 35%—50% SIO2 cannot be marketed or ... -
s even: used economlcally ina Toeal- blast furnace A 365-kg composite. trench sample o G
Lio:was;y therefore, sent 'to. the Warren Sprlnvs Laboratorles, United Klngdom for .7
~_-.preliminary beneficiation testing.. Grav1ty methods and magnetlc separatlon ona. -
laboratory and small’ pilot plant: scale gave a marketable concentraite contammg T
T 60%-67% Fe, 0 02% P, 1%: SIO2 and less than 0: 1% CaO for an Iron recovery of' o
-'Eshghtly hore than 80 per- cent: Al AR
/ ‘Trench samples are always Weathered and are not representatlve of the ore at Sl
_'depth AIn particdfar, the tests gave. good hberatlon of the magnetite- and. martite” .
o particles at. relatlvely coarse crushing, and: th1s w111 probably not be the case for: o
‘the deeper rock lylng‘below thetzone of Weathermg e R
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: Occurrences of’ Irofl formatlon s1m11ar to those in Somaha have been studled in T i

" many places throughout 'the Pre-CambrIan areas. oﬁhe world. The economics are IR

s well -known- and have frequently been descriBed. Local mlmng condItlons .can
o therefore, safely be assessed even, aﬁter a relatlvely superﬁclal exammatlon ;
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.- _The potentlal geologlcal reserves between DalmIr and Bur Galan have been estI-'- F
- __";rr%ated ‘at 167 million tons. Of these, only 48 mllhon tons at; Dalmlr and 64 million - -
.. tons at Bur Galan, or a total of 112 mllhon tons, occur W1th outcrop WIdths of
o 50 metres, sufficient for mlmng b"y open p1t methods to the depth of 100 metres Lo
B postulated for the reserves.” . B o
. These thlcker areas are said to contaln along theIr foot-wall some 20 to 30 metres. S
f‘of BHQ which dverages only 20-23%, Fe. This material will not be economical to. » ..
, ‘beneﬁCIate, espec1ally under loeal conditions. The. formatlons are’ also: sdid to be . -
* variable in thlckness and to.be interbedded Wlth ser1c1te schist ‘and with other . .-~
‘ -Waste materlals The reserves of potentlally economlc materlal recoverab e from.-_ -

assunnng a 100-metre extenslon 11’1 depth and calculatmg by blocks dISCountIng -; =

: B0 metres
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the open plts as descrlbed above w111 at most amount to 65 per cent of the geo- # i
: loglcal reserves these pits- contamv B : e [ ‘ e
o v,_r' . To’be marketable under present copdltlons, the grade of the final product must.-.” '
ells be around 65%, Fe, obtalned from arun of mme materlal whlch averages 36 3% Fe Cest
‘ between Bur Galan and Daimir. - : -
-~ -The. prehmmary beneﬁ(:latlon tests, carrled ‘out on- Weat'hered matenal partl- L
cuIarly dienablé to. concentration and at.a grade hlgher than the average, gave.
satlsfactory concéntrates for an iron recovery of. 80 per cent. Th1s figuré can be -
o assumed a§ representing a max1mum ‘estimate’of recovery and if means that 225 -
R * tons-of materigl will haveto be mi Y)ged to produce one ton of. marketable—concent1 ates ,' o

The ﬁgures\on reserves cag-be. summarlzed as follo’ws (m mllhgns of tons)
Potentr,ally' ‘ Econom’zcally - Resérves of o
AN Ge éq‘cal - mingdble. . - .minéable - marketable B
e L - reserves : reserves '._, - reserves o : "product
" Daimir s 48 ag o msr U wac
S Bur Galan W T 119 e Y ar 19
Tl ' A,.:i’.;j :5.“. R . ___ F e T T e -
S e 167 _. .' Pl 112'.,' RN 72 _‘_ 33

. T

Assummg that the two other areas of BHQ, Whlch, Were not explored but are .
‘ sald ta be sumlar and, to contain sunllar reserves, \the total marketable potentlal of Y

the Bur area: can: be assessed at-around 65- million tons of. conc\entrates ) : .
| The probablhty of ﬁhdm0 further economlcally mineable tonnages at depth or, | ,
R “on other outcrops 1s- yery shght because T
S s f o (ay BHQ is eerywhere more resistant: to weathermg than the surroundmg

S .basement rocks. Any ‘ogclrrence of- apprec1able thlckness, therefore stands
o loutasa hillock or kng . ,Dalmlr and Bur Galarr are no: exceptlon and the facf’
T, o t}\at there are no other consplcuous outcropsqs azvery ~uhfavourable mdlcatlon, o
EUREER () F The BHQ formatlons are. known to-be roof pendants of upper basement
L sedlments Wlthln the rocks’ of the lower basement series. The hnear outcrOps ,
. are. dlscontlnuous and between 15 and 20 metre, Wlde at thelr maximui: It i i
e .f g doubtful Whether such outerops persist to. any, consl .erable’ epths, | e e
LT “(¢). Tron ore is-a low priced commodlty ewhlch eannot’ carry a heavy . 1nvest- L
B <?§xent per. ton of reserves“orJ high’ operatmg costs The Dalmlr and Bur Galan Coe
’ . outcrops’ cover a. “potentials geologlcal area’of 525,000 m? whrch contains .
“only 65 mllhon tonsof marketable concentrates to-an. assumed depth- of 1007

’A :-. -+ métres. This means that they contam 1.24 tons of concentrates per. square )

R

B - -formatlon is’ sald to-be between 15.and 20 metres. Assumlng that it-could be - ‘_ j’-}f
R mlned by ¢ open pit-to a: depth double its width and that it is consistently high -:

. grade, then an extra length of 1,300 metres would Tave to be:mined to produce

7 aninerease of 1 million tons of marketable reserves Thls would be economlcally v

' ;qulte unreahstlc, S e - :

. (d) Underground nzhmng cannot be cons1dered because it requrres cos

. prehmmary preparatlon and hlghly skllled personhel difficult to recruit

E - the productlon rateSaper umt ot ‘area’ are far. lower than tor an open pit.
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: Because of ‘the shape of the ore bodles the two open plts would go down m the "
._‘;-*shape of narrow - “V”s W1th a total }ength of , OOO metres As the p1t Walls are.’
T ’ - e‘.f’-: l ' o

: \e tvr

- metre: -of -area and per metre of depth The average thickness of. the [iron. . =



| Lo o made of compact gnelss, We can assume that they would stand at an angle as steep
| . s 57° without collipsmcr ; e SR R
“ S The spemﬁc grav1ty’of the ore is 3 2 That of the compact gnelss is. estlmated A L

e e to be 2.75. ‘Benefitiation. tests-have. shown that 2 25- tons of ore at, the average B

I N grade of . 3.39, Fe would be-required to. produce 1 ton of concentrate. . w -2 . {t SO
S e Assumlng that an 1deal pit. has been desighéd .in’ which a productlve face 30 Co
RS metres wide can be mixed without taking: any: waste other than that necessary - I

B to keep the plt walls ‘at- the: requlred anole, the combmed character1stlcs of the, . SR
two plts taken Jomtly W1ll be: / Sl T L e e e T S
‘ S PRI ,, »,.' » o : ACwmulatwe | . ‘ ” 5_ L R :, B _' o ,,f{'
S T e R ., : "-i:;»-; . Total - . Productwn '-._; L Ll : ! S
BRI O SR o 'marketable” - runofmme o e TOt{d tons '
R T Depth of '_ “réserves . . “(fons per” A Lo e to be mitied T
co . LA pzt bottom -~ = - (mzllzons o Metre pit ' Waste/ore [ e
('metres) s ‘of tons) length) LR ra,tzo i S
T £ gy ,' 950 f‘j.:_:qo.;"zqg' ; gt v
' LTy 2786 1, 9207 < .. 040817 S
9% 28807 T 10.6187 L8, ;
, el e 132 3,840 x ¢ 0818 L4 o
= CUTB5 i 48007 T w1082 -
' 19%8,‘-;- 5,760 gL 227"’-;-‘“ . '
e R - 98.1° B0 T o482
; C26.4 31680 : S 1:637, :
e R = \297 """ v 1842 G0
B g i 8300 $ 2,046 e
“ Supposmg that the total mlnerahzed Wldth of 50 metres is mlned the reserves SN LI
of run of ‘mineé will be increased by 40 mtllxon tons, but the’ average grade will - T
e drop t0.29. 2% Fe, and: the marketa e tonn,age w1ll only 1ncrease by g rrmlhon toms. .
S .'; *. The tonnage of run of mme fo be t ke from the pit per. ton of concentrate will
7+ increase by. 22 per cent. "As agalnst thls, the “volumetric’ Waste-to -ore tatio: of the
R it will decrease, but the spec1ﬁc grav1,ty of the poorer’ ore will be- lower and ean
-7 be assumed as 3.0, The reductlon of ‘wastg-to-ore ratio by welght lel be around

o 36 1 per cent. The pit operatlon,wﬂl therefore,, be about 14rper cent to the good but : ; )

Jlden U thiswill be offset by havmg to. put an ex;tra; £29, per cent of materlal through the -
IR AT beneﬁc1at1ng plant e S R | T
<o & ~..~ - Therefore there Wlll be; at best not, 1ng‘to gam in W1demng the p1t to the full U
R L w1dth of the BHQ as regards productlon costs; and. the gam 1n reserves W1ll be , ‘

o LT 1nsuﬂi(:1ent to influence' the. ﬁnanCIaLaspects of-the operation, . 1"

L L ' The arguments need’ therefore, only be developed for the case of mlmng the

e _hlgher grade. materlal alone. - : TLIRY
e o Tlnrty-three m11110n tons of marketab J‘ESeI'VES are 1ns1gn),ﬁcant When com— o

. P pared to- the. minimum’ reserves - Whlch were Tequired ‘to- Justlfy ‘the. ﬁnanclpg of ¢
: ST '_"other iron ore-mines, Marketable reserves of- modest mining operatlons aré around -
VT e 200 million tofis for Lapico (Liberia), 150 million tons for Miferma (Maurltama)
R s while the reserves of Brazil, Australia, Indla, Labrador, Krivoi- ’Rog (USSR), and,.

T . ",Mesabl (Umted States) are c,ounted in’ thousands of ‘millions of tons. N 0 advantage '
- -1 can be gained, therefore, by mining-to-a:smaller depth and by’ sacr1ﬁcmg Teserves v
LTt torobtain an :lmproved m1n‘1ng-to-concentrat1o;n ratio. The ﬁnanc1a1 charges WOuld -

P N be tao- heavy g6 the operat1ona to be even cons1dered ~ =
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Th]s means ‘that, in’ round ﬁgures, for every 1 ton of’ concentrates produced
7 tons of materlal will have to be mined as from the start of the’ p1t

A 1 million ton per year marketable productlon will; therefore, requlre movmg
" million tons -of material, or for a 800- day workmg year. approx1mately 24,000
tons ‘a day, or from 2 pits 12,000 tons per, p}t -or.in round figures, 4, OOO md. The .
.average width of the pit would be around
“benches to be10 metres High, and the whole pit would have to advance at a rate .

llrneltrés in -ore and waste, assuming L

‘of 5 metres per “day. Assummg always the ideal pit and.an idéal solution to the probs - a
lem of moving the.ore ot of the pit, this.is technically net 1nco’nce1vable but -

. is7so opt1m1st1c that any thought of 1mprov1ng on"thls product1on ﬁgure is more L

KO than doubtful. :

S A pit recently developed to nnne a narrow h1gh<grade orebody lymg in condltlons' oAy
’ somewhat s1mllar to. those:in Somaha and requiring-to move some 5. million tons

T e

v ;of Inaterial per yeai cost $4 00 per annual ton moved. from' the’ mine, 1nclud1ng
- primary : crushlng and conveéying to plant but ‘with all the" necessary ancillary

i facilities already avallable The 7 -mllhon-ton-per-year pits reqmred to mine Daimir

“and- -Bur Galan can, therefore, be conservatlvely estlmated at $20 mllhon at least.

‘ The techmque, 1nvestment and operatlng costs of - beneﬁc1at1on vary Wldely
“with the material treated and ) require extensive prehmmary testiﬁg and estlmatlng,_ A

o " Recent estimates made for a hematlte-magnetlte material Whmh will require less -

VTmnsport B '* o S th

, ;:crushmg than that of Dalmlr—Bur Galan gave an ‘investment figure of” $10- per,
~ " annmual ton produced exclusive of anc111ary equlpment The Somah beneﬁc1atlon
- Aplant'would therefore, cost at least $10 million. - 7 T o

o P elletlzmg would probably be carr1ed out-at the port and here again; a, minimum - .
- investment of $10 ber snnual fon. can be estimated,: provided .that 85 kWh and» s
¥ ,200 000 kilocalories per ton of pellets are. already available. : S

- The total cost of the mining development would, therefore, amount to at least e
o "$5O m1lhon 1nclud1ng pellet1z1ng, and $4O m1lhon WIthout pelletlzmg o

T e

.
G .

L “The 1nvestments and operatlng costs for transport are entlrely dependent on local

- m

copdltlons and cannot be estimated Wlthout a thorough preliminary civil énglneermg

EI

... survey. The present assgssment assumes that transport condltlons .are good, that s
C o eivil englneerlng is llmlted -and: that the load travels downhlll through flat country;

The distance .from the’ Bur Galan-Dalmlr area to the nearest developed port
. Mogadlscm, is'350 k. THe yearly transport of concentrates W.lll therefore, amount _

. 10350 mllhon tens /km _with little return frelght except Tor the- few thousand tons _
of supphes to the mine. Pract1call>ythe whole cost’ of the operatlon would be charge-v RS

- ‘ableito ‘thé iron-ore. : . : :
" “Three methods' of transport can’ be env1saged truck plpehne, and rallway

: "'f Trucking and ra111ng will prov1de an infrastructure -which can he used for the

trartsport of other goods, the plpehne Would be spec1alrzed 1n the transport of

L ‘1r0n ore concentrates only

ET . . -

TruCkSF‘::‘ ~ R .-/" e T s e , 7&'

The cost, of bulldmg the AngI-Bur Dur road has been estlmated at $20 OOO e

per kllometre for .one des1gned to ‘w1thstand heavy transport
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tlons H a pubhe hlghway, We can ass }1me E
opera ing.at an aVeracre speed of 7 0 km/hr The round trlp can then be estlmated :

servemg Lo // 8 e
R sun;uno a, roundathe-year operatlon each un1t Would carry 25 OOO tons pel’ o

o S, 4‘yea ,-and 40, operatmnal units would be: requyed Flv" traetols and’ 10 trallers : p

“.o 0 ... should be provided as stand-bys .for mamtenance and I,'epalr The cost: of such ;P

JRS ﬁee'_ Would/be/apprommately $3.5 mllhon ' SRS R A

o ¢ 'men of stocks of tives and spares and. housmcr of personnel Thls can be estlmated
_at a furthef $5 million. . T
- .~ Th total 1nvestment for road transport W111 therefore, amount to | ST s
> : - Road constructlon PR v $ q; 000 000 e
o ’“ Rollmg stock - © .- 8,500,000
. Ancﬂlary equlpmentu B 5 000, 000 LT N
IR $15 500 000 ISRy
= Road t1 nspmt f01 bulk materlaTs s costly to operate, espemally Where thele :

1s no retur frelght Titre consumptlon is ‘high and heavy—duty tires are expenswe S
For a cont1 uous operatlon each transport Would 1equ1re at least three crews

- '. ton/kllometre,.
T - amount to $5::

” e Plpehne -

RO the" pipeh',ne ‘1" J ed mamly When obstacles 1mpede rallway constructlon a:rf“d
oo {" e eratlon,_
PR
i -.
;fr“—
. ,’\ “ o2
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Relymor on the ﬁoule of $20 000 pél kllometle given f01 1oad construetlon a S
figure of $30, 000 per- k110111et1e is the émnnnum whlch can be assumed for therail- =~
.7 way, Inelud.lnor ‘the* terminal s1d1ncr and 1nstallat10ns thls conesponds to a total.

t‘_r"expendltuze of $11 million.

.- The tonnage to be carried i is modest and can be handled by 1 elatlvelx,horht lolhntr-_

L .stock suited to. thg chatacteristics of the trach Two trains a day,-esch wvay, each, -
" carrying sonte 1,100 tons “ould ‘be sufficient on the Jbasis of a 1ound—the-yea1 -
‘operation. IncludmtT stand—by equlpment and some gener al purpose cars «zthe cost o

' of therolling stock is estimated at arourid- $3 milliqn. LT :

- " “To keep. the 1a11way opelat;lonal a workshop would be needed to malntaln the [T

d1ese1 and electriical equlpment true the Wheels and repair the bodles A wr ecke1

- crane would be needed to enstire ‘that the track is kept clear. Spares- for rolling

I O

: stock and track malntenance Would have to be-provided. It is. reasonable to. assume .
~.an mvestment of $6 mllhon to covel,, these‘opel atlonal 1tems and othe1 necessary iy
: ,equlpment IR L L Tt

- The over -all equlpment on the 1a11way Would ‘ther ef01e amount to T*EZO nnlhou

Thls corresponds. ‘to $0.057 per annual ton per kilometre, \\-hl(:h 1S th'h ThlS is -

because the tlaﬁic ‘would: be small and the capa(:lty of the lallway fa1 pOm TR

a

satul atlon

“Over-all oper attnor costs G\I_l hlﬂh-capamty s;femahzed miner. al 1a11ways canbeas

lbW as $0.003 per- ‘ton, fkllometle “Assuming’ that in Somaha the operating costs_f'
* would amount to. $0.005 pe1 tonfkllemetle the t1 anspoxt pel ton flom mme to :

portwouldcost$1 (5 Lo T SRR SR

Portfacllltles B SRR ,‘ 'T. i

_ If iron. ore is to be expmted at: competltlve flelorht lates elsewhele than to the‘ .
" countriés which’ are the 1mmed1ate neighbours of Somaha, sea tlanspol t would have. = -

to be assured in ore carriers of, at least, 50,000 tons dead Weight (TDW) Fox.fa ~

shmt hauls’ ore carriers of 15, 000-20, 000 TDW could be envisaged.

" The cost of port construetion to a given depth cannot, be estlmated bef01e the :

chal acte1 istics of*the sea bed have been established. F01 nnnelal ports built; during
_the past decade the sea work alone-has var jed between $2 million and $25 million.

We ‘must. assume thelefme that an adequate p01t Wougd be: ah eady avallable in

P

Somalia. " e .

The port would have to
equlpment ‘a stockmv are
- a small. samphncr mstalla
such an. mstallatmn is esti

ed at $2 mllhon

E'co'nomzcs

: Acc01 dmo to the method f t1ansp01t adopted the altelnatlve solutmns pre-- ) . -
' sented above can be costed L :

ollows (m mllhons of dollars):-

e E Road RR Pzpelnze - - :‘Rallua,/i T
. Mine Soos B0 . B0 B0t
" Transgort . i RO - I -:1'5' e 20. g
C Pert S T T S
N LY . ‘ E ) o 8 M"-:'Vk - S
.. \ S : \
N -

e: equlpped with a spec1ahzed ore: q@\land un]oadlna R

aQ load1n<Jr equlpment a small specnahzed kashop, s
i1 and an‘assaying; labmatory The ovel -all cost of -,

e
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: Imt1a1 stocks operatmg capltal ﬁrst year of operatlon., e
‘:"\ Lo ’.' L AT SRR Razl R
70
o i Assummg that the e ;prtal is: pa1d off over 20 years at a, 5 per cent 1nterest,,:the AN
RS c‘orrespor;dlng ye i { (m, mllhons of dollars round ﬁgures) would e
S O e amountto . - T S o
" SR S R RTEP CLTENY I W B T S
R e L T e Road Coe % Pg,pelme IR IﬁCa(}lway R
W . . . ‘ : . 31 87 o l. L . -
‘ :\.;(;_“j} _ e N

Ptpelme”

537

Assummg that road or rallway constructlon is- done out of pubhc funds and B P
that the investment- ascrlbable to the mihe is 11m1ted to the spec1al1zed equrpment O

RS S _'.' S lv:ff. requlred the above ﬁ,gures can be modlﬁed as follows (m rmlhons of dollars) A .
D - | o e x o L : Road P?.pelzne ¥ - Razlway 'A
3 A R Investment 0 70"5‘. - AR
4 - Yearly ﬁnanc1a1 charge PSR W1 .' . 1870 . k66 ’, I
T e T Total Ygarly repayment o PRV 4 6 »'_' e '5 37 Ll 4 96 ‘
b LA The solutlon by truck can, therefore be ehmmated because the ﬁnanmal advan-, \’\ o _f
o o tages it may represent Wlll be offset by far hlgher opPerating. costs A : : ‘“«‘»: - ﬂ‘. e
- " “The “solution by plpelme is, appérently the cheapest but techmcally 1t is stlll T

. - " theleast assured and 1t cannot be used for any other purpose thanfor the transport
. oflronore S : SR R SR

- The rallway appears therefore, to be the most economlcal and assured solutlon ) .
-as has already been abyndantly proved elsewhere, especially . where. rallway cor: ; ‘, -
" struction is- s1mple and the haul is dOWIlhlll or through ﬂat countryﬂ This solutron .
Wlll therefore, be adopted to estabhsh operatmg costs - :
Operatmg costs \‘ BT ; lki"-""' - Tk

As for the: mvestments operatmg costs have been asse ed from s1m11ar opera- |
tlons elsewhere, in all cases on.mines with: far greater re
than would’ be the case m Somaha enabhng the use. ef ore powerful equlpment =

charges can be spread over a greater productwn tonnage and larger reserves. e ,.r.') L |

In March 1966 ‘a. trade pubhcatlon the E’ngmeermg a/nd Mmzng o ournal, pub- o

In all cases, the reserves are many tlmes greater than those of tlre Somah ore" S
bodles, 50 that the: p‘1ts can be. bigger and easier. to- mine, larger. equlpment can . .-
be used, and overheads and ﬁnanc1al charges can be spread ovet far, -greater tonnages.. e L
o ' Some’ of these m1 es are; moreover, situated in highly industrialized areas and R i S
- beneﬁt from pOWeI', Workshops, and handhng fac1ht1es Whlch already ex1s‘t "

T
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:]‘

s Mining - - 5.5',’-1:,98* : 1;62,‘._'0'.96- 1.05.¢ 1
"~ . - Crushing and cdngentratlng 2L 2600249 . 247 3. 40 8. 10 155 170 -
iy L5 115 12507140, 1407 159 T:70

| “iﬁssummg that the Ore 1s not 'pelléltized but '-ls"shipped as’a concentraite, the "=
1nvestment would be reduced by $10 million, yearly repayments would be reduced
by ‘approx1ma,tely $0.75 per ton, and the cost of “pelletizing Would be economlzed -

o

These costs can be sum‘marrzedﬂas follows el G

M‘me,'.».. R RUREES S T BELEE A
Cal " Grade of run of mme ore: (% Fe) .30.0° "30.0," 33.0.7 "39.
* Grade of pellets (% Fe) . - 62:.0 610 .60 0 63
Productlon capac1ty (m11hons T LT

cof t . , 108 107
' Concen atmg ratlo : " Lo 81 3.0
In'vestment ($ per t/y) el _‘42.5 31 3 e ,2 .

Operatmg costs ($) per ton of pellets L -

- )
R=F—3

;prgwp

, ‘5.,5_.';5. 9
28 e
| 45450

,,13
'-.21\;‘
2847

fooo:p‘:,: y

ﬂk-‘f:,' t\?oi» ,o_c °‘ S

> 'S

CJO

PR

Pelletlzmg BN ' _ L4t
Loadmg, stockplhng, handhng 0'3.7 -0 54 0'05 0. 05 O 05 . 015 . 015

 Miine overheads Lt f0.45'-. 040 045 . 0450 045 7105’0; 050
"7, Sub-total, operatlng cosfs ($) 6557 .20 518 ‘6.25° 660 486" 635

e,
F'manczal charges o

Based on- the above costs, and on examples taken elsewhere with cond1t10ns
more hke those in Somaha and applym<Jr these to the Somahan orel Adles as deﬁned

(‘ B e s

Per ton

o}

- LA . S

T S e R N or pellets)
Movement of ore and waste in plt $O 35 X7 tons., AT S .".’f .. oL 245

Crushmg, conveying, stockpiling, pit. overheads, $0.25 X 2 25 tons R e 0.»_56}j_‘» ETR 7

General ser‘v1ces, camp, management $0 30 >< 2. 25 tons ... aL L L. .'. R WO N 06& ;

e . A o - D ]

&\ e '5" o . “ % . - ; e - D g -
» Total pit expenses. e o R T L
Concentratlon at 2’25/1 ratio. .. RS SO c R ::.' Sl 2.';{"5
Pelletlzlng forta 1 mllhon tons/year plant RS e iy et

's' - Total per ton pellets at’ mine. . B T . 869,

Rall transport 350 km at $0. 09.5 Rer ton/km. e Sl creeeny -
Port stocks and shlpment. St e el e L .

Total operatmg costs flo b vessel. e ke N coedsen

Repayment and serv1c1ng of capltal at 5 per cent over 20 years. ‘ o . R .

A",‘”‘ ST . SN . !‘t,o‘ el
Total f 0.b. cost. .' R S PN ‘ N o P K 16.69.-

;" In round figures. ... ....u el T T 16470 i

-ow 2

Concentrates could, therefore, be shlpp@ at an f.0. -b. cost of $14. 70.

Assummg further- that railway~ constructlon was paid for out of pubhc funds,‘ E
the yeally ﬁnancral repayments would be rediced by approx1mately $0. 80 and . .

o
¥ -
‘. ool R

Markets cmd f o b pmces -

a

. The c. if: (c:'ost 1nsurance and fre1ght) prlce of iron ores, pellets and concentrates S

del1vered to Rotterdam can be taken as representatlve of del1vered World market

Lo 143
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R '.,prlces At the en.d of 1968 these prlgz{es stood at $14 OO for a‘hlcrh/quah y pellet S
o e concentrate con.talmncr 65% Fe; -and’ at $8.50 (f/o/r/a, orﬁlﬁ:,te of the same:
s :grade ‘From these prlces, the-cost of sea- -_;nsport must be deducted«and fora: " '
=0~ +50,000-ton ship” from’ Moga‘dlscm to-Rotterdam, mot including ithe Suez Canal.
*.w o ne charges, this can be-assessed at'$8.00), M gadiscio-Rotterdam. Thef 0.b. price wlnch S
T "the products, can "be expected.to. command i 28 Somalia: will; therefore, be around L
7 $11.00 for pellets and $5 50 for concentrates Thls will cmrespond 1o a loss per Tl
'téh of $4 90-and $8.40 respectwely, assumlnc the railway to be ﬁnanced from pubhc

.~‘

;:T..);;\ ‘ funds, far too Crrea\t to be covered by any céncelvable 1mprove1nent ;'rrthe operatxon T

_ '-, Assummcr t‘hat requlrements of“ jron’ ore will arlse in the. countrles nemhbourmw a : ,: o
e S geha, Whlch are Hot equ1pped to take ships of-50; OOO T.DeW,, the'd e will have :," _’g_'.‘.‘
‘to be carrred-rn shlps ‘of 15,000-20, 000D W. For 4 distance’ of 1,00021;500 miles. . . s v

" e o't in'such ships, the fréight Wlll/alsﬁmount to* ,around' $3.00 per. ton, espec1ally as

':’fl,_}‘_l' ‘ small,shlps are far more’difficult to-charter than' big ones, Theé’ “deliver ed: ore will;. e
“.therefore, o ‘e to ac }7 costx of, at lea;t $18 90 for pellets and‘$16 90 for con— R

\centrates SeNEE RARE | : L

At this; cost the f‘Wlll e uncompet1t1ve Wlth “the -ores Wthh are. loemo nnned e
or developed in’ Egypt or Saudl Argibiag or Wlth the\hlgh grade iron ore reserves .t
ot/eastern Zamb;a to be: dehvered to the oast once the Zambia-Tanzania- rall hnk _
o has been hullt DA R £ L -
/_ Assumlng further that Somaha purchases 1ts m%n 20 OOO ton oré-c arr1er and 1s TR
) : equlpped to: servIce 1t th;s carriér would carry the total productlon a: dlstance of T
‘,5,';" _- 1,500: mlles 1n 50 yages and will spend each year ‘some ‘200 days al sea‘and 100
o_;,_a" » daysaln port eltrh/elz Ibadmg or tnloading, "plus 65 days ‘idle: The yearly’ gost of: N
\ " -.." Jthe operation can be’ estlmated at- $1 m1lllon or $1 per ‘ton of ore ite] hcludm,g ERORS
- -‘the.dverhead and:land, itengs involved. The ore Woul?i be dellvered at £ e N

o of $],6 9Q—$14 90 and Wlll stlll remam uncompetlﬁve o L

c P ‘:J-»AA b - ’; .. . \,‘,; ' ‘ A. _" \ el :‘

c - ’ ...~’ .4 B : - : “») - N e ot

.

Concluszon _' - _1 - 'i I*j‘ - ."-:‘f~j- T -

\1—-

BMQ) of Somaha cann'ot be conS1dered as teconomic, to mme 1n the foreseeable l
- future, and no further ork should be,undertaken on them s - Lo

N The geophysrcal StUdY of the, Blll‘ area\sugge‘sts however that some broader,
WD re"htlvely intense. anomahes may be connected with greenstones Whlch contm
ST rhagnetlte and Whlcl‘l ‘may be hlddel%lundenthe surface mantle R e T

p,~. ot u.--~—_ T e

P In the. present undeveloped condltmn “of the area ‘and" Wlth the present low
R 1ron ‘ore prices which.are. expected' to. pers1st durmg "the: next décade, such deposlts
' - owill not be economie to- ‘ming. But, if the.uranium and other 1ndustr1es are-SHECess-

full developed and prowd(gas an economlc lnfrastruct e for the area and 1f 1ronfbre’

,‘ ;:; currently 1n , peratlon h
g by a few “dr llholes as’§

- elseWhere ; ST . .
p Tt is. not recommended that such %vbrk be if
' c1ally as such magnetlc anomalle‘s qnay sitig



S The aer1a1 geophysmal survey outhned’38' rad&oactlve anomahes s1tuated Wlthln‘» R
Sela quadrllateral some 100 %100 km"in size and consisting mosth@ of: datk; fine- " * 4
. wiZ 0 " grained, fohatud g11elsse,;~conta1mno hornblende, blot1te, ;ohgoclaSe, pof:assmm S
foel :‘"‘ffeldspar and quarf,z ‘Qccasionall the biotite 17§ lacklng, and in'somes places there .
..o noceur narrow ‘beds .of -a: true,.medlum gralned meta-«amphlbohte ‘Wthh appears" T
IR ,:to ]oe the most favoured roi a8 reoards ‘the_radipactive: nnnerahza;tlon Locally;~
O 4-:7the gneisses ch’ange by prooresswe eVn;lchment toa masswe aphtlc rock GOHSlStIIlO' ,
L mostly;of feIdspar ' ' SRR g T e T e

R, AlI the country rocks are str\vngly gram’rued and nllolnatlze | and the “ht-pa -
N f.‘,'ht” 1n3ect10n of the, gne1§ses, and even of Lhecamphlbohtes produces.str 1n@ers 325 . .

-tretres thick. Hind’ ke distances. apart Over Jarge areas, ‘the original rock can only AT
-7~be recogmzed because of the persrstent eﬁ ient 'tlon of the blotlﬁe- R R

SR R The gran tes are e1ther plnk f.rlable me A1um to co'alse oralned mlcrochne gramtes, T
e \; or tough”grey, masjlve ‘plaglogramtes $iss L RIS . oSNNS -

NEL T

The tlcrht foldmg, the N
morphlsm suggest that allfs'f N ;

- - L/Cambrlan ‘;’. Lo '
Pegmafitic -ro_c_ks Lo ‘ , . .. G g ‘
Tabular bodies’ of pe%matlte, occur conformably Wlth the enclosmg;rocks and o

9 +* are usually: surrounded by ahalo enﬁched in pink rmcrochne They are pank coarse _ e
L ggamed aﬂblocky and ¢ontain up to 50 per cenb 1n1croc,‘, L EEEIE
' jamounts of \plagloclase and‘ blotlte et C T,

A .
b FE .
5 - N R T >
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o ? N 1
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: ': : . A > K \ ‘s
Z.nght grejz. 'Vems,of feldspathlc Work from O 2 to 1 5 metres thlck cut acrons o

the formatlons Wlthm the areds of the radloactlve bccurrences They consist of
;'49:50 per’ c,ent ohgeclase 39 40 per cent quartz, and up:to 20 per cent b10t1te
and hornblende i 10] 3 £y is TN

3 s f' 'mlcro; me of quartz and of,;ﬁ
fsuberdlnate a‘moun s.~ of blotlte, calmte and thorlte b

mabl and transvvrsev Vé@ﬁlets

-

iout ot theprr' ary depos1te and dASpersed‘ around _hem ,The mmer gical examma-
‘tlé)n of sémpl’es taken from_the mantle ga : K

with 'the~ restrlcted ajeas 'of hlgh rad a
whlch correspond to £ 'e\prlma ~'.‘ '

1\8 to 6 6 t1mes« the background va’iue Were reglstered on’ several ﬂlght hnes ST
: ,x‘It must be repeated that th1s 1nventory may be ‘mcomplete as the relatlonshrp
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identified on’ 20, fhght hnes, lncludmg cross hnes and gave readmgs up to 6 6 tlmes
the v”ackground Value Ty g

- Most, of the 1nformatlon glven in th1s chapter derlves from the study of the Aho
Ghelle anomaly which was the ﬁrst to be-identified on’ the ground and was-the’

eas1est of access. "For these reasons 1t Was the one chosen to begln detalled ground
exploratlon T S e - e AN

I3

- ‘Results on Aho Ghelle haVe howeVer, been so cons1stent that 1t can be hoped
A_ithat the ﬁndlngs Wlll be apphcable to the Bur_harearas a. Whole. o E

I‘nammum*radfoactmt apprl'nﬂrnate"lb y 17“0 m
N 42° E" The arromah

ty some 40~50 metges Wlde i - :
; fanomahes correspond to two tabular or Jentlcular

::;drﬂhng, the ore body Wh1ch corresponds to thls *anomaly is. apparently T-shaped

" lymg at the croSsmg of two shear “ZONes, ohe parallel t¢ thé main axis of the oceur- - °
' sh " 1ght ' The two anomahes thus constltute an antl-

The Waste zone lylng, al_on ; the foot-wall of the rad10actlve bodles, cons15ts of
ﬁne gralned blotlte and-- amphlbolrte gnelsses Whﬂe the hatiging “wall consists:of "
schlst amphrbohte*and gnelss The radloactWe ore bodles fhe at the contact between'

:A"“The radloactlve\?ocks cons1st m.ostly of albltj'_f es’ \and tQ a lesser degree -of
""gramto&nelss amphlbohte and. blotlte sch:tst cut b"’

E of these rocks contam over 50 per ce Catbit;

The Yaq Brava anomaly, s1tuated between Dmsor and Yaq BraNa vﬂlage was

PR
B




i f Mmeral and Groundwater Survey

" ALIO: GHEL;..E*;RADIOACTlVE DEPOSIT._‘]"

.

,3',, Geophysrcal data R

Coat ey

Alrborne

functron of altrtude

an,omaly 3 a




V1n two trenches and from the cores{ of DDH 2 at a depth of 115 metres, as Well as’
Arom photogeologlcal gnterpretat‘lons *a shear zone- trendmcr ESD passes }ust north
“of the ore body::Its displaceifent’ 1hay e of the order of:2,000-3; 000 metr es, the
e "’southern block bein dlspla@towards the West_;vThe 1n§erruptlonnof nunerahzatron I
- _',-f.”; of the north—easter%r ore. body, between ‘DDH-1050,/1000" and DDH 1100/1000
T .50 ‘etres;to the north east may also be ascrlbable to a: fault e

-v,,,'

o ':‘:'The rocks are cut by a’ ‘system' of joints- Whlch Lstrlke east and north and d1p at a
i §teep angle The strike dlrectlon of east i is: that of the presumed ’shear \zone"and T
nerth Lsthe dlrectlon of the many calolte velns thlch oceur;in-the gnelsses. e

: Ogce a’tentatlve oeoloo‘lcal 1nterpretat10n of the. Aho Ghelle 0ccurrencé had beein é‘ .
28 made Work Was expanded tg rnclude the adJaeent area and »4_kn‘1 ! Were covered by

3
-

over a leneth of- 90 metres- and f, w1dth of 10~12 rnetres‘ W1th readmgs up to 3, OOO
L cps. The heavy .fI'aCtIOI’I _derrved frem the samples Was tested m Lemnorad and

: fell Wlthln the 50 cps radroactave contour Whloh appears to e
f,form a contmuous elonoated_ band trend'ng in the' dlrectlon of the ma}n ax1s of the Lo

=<A'-10 km llne Was, therefore, bulldozed through the bush and‘a detalled explora-;,,
e “tign:of. th1s aligtrment dlsclosed two mére -andthalous ? ,ma;x1ma Whleh*were called »
o “Airpert’tand “Road”, s1tuated 3 km: and 8 km- south of“Alio: Ghelle espectwely, ;
Anomaly A1rport éovers an; area of 7 OO 2( 200 metres above 75 ’cps and cOntalns’[

-A‘WItl'l readlngs -up’ to 150 eps Photoveology .j
meetmg of several faults. ‘

A furtheranomaly, termed “Water Collectlon’l Was located 3 km east of Aho R S
Ghelle IS 33,000 metres Long/and about 300 metres W1de covered by aeradroactlvef : P
"gmd 20 X 200 metres it gave. umform readmgs around 150 cps. Fige auger holes L
s " reached bedroqk under 1 5—12 metres of mantle formatlons. The bedrock gaveM
' readmgs up to 500 cps ' S e T
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Most of these anomahes trend parallel to a stralght lihe draWn through‘anomahes :- S
_ All‘port Ant-hlll and Aho Ghelle SW whlle certaln of the structural features Whlch

o>'<

It yvould eem%thérefore, that these anomahes are the surface an’a.amfestatlon of aw‘ R
contmuous band of radloactwe.,rocks which, extends- from anomaly Alio Ghelle, to ST
anomaly Road eyer a distance of '8, OOO metres. The md1v1dual occurrenc\es v(rould Lo

* he en eckelon along th1 band Such an 1nterpretatlon has already found measure*

- — v
RN ER SR electro-magnetrc grld and by i)lttmg, were unSucceszul foi the ﬁrst method because- , o

the clayey and later1t1c mantle prowdes an effectlve electro-magnetlc screen, for Ca

m the area precludesany 1nterpretat1o * as regardsv_ |

R SR

Yaq 'Brava anomaly

The Yaq Trava anomaly was’ logated on the ground after a remterpretatmn of» o R
data,from the aer}al survey WlllCll covered an area, of some 1, 250 km?, based on theb'_v L
i ﬁndlng_s at Aho Ghelle. «C[‘he ar‘ea was: covered by a radrometrlc grld 200 X 10 métres . -

......

e

R e A
*.- "' 4:¢ @ B FEY LN

- F" ., . B <‘ ) ” ot . {2

Thls outhn?.*d threé zones 'at morethan 110 cps‘Wlnch appear to be conﬁned to-ai:i L 3 ]
fault .cbntact- bétween Juradsic rocks dnd: basement rocks ‘and: ‘to be' relate“d to; FIPA

magnetlc anomahes at 3 600 .gammas attrlbutable to fermgrnous quartz1te SRR e Qo
The prrmary .ore bodres Were notlocated ‘possrbly because large areas are overla1nv'_."_{"af, o o
.‘ ’by zircon. and monamtesands up to 10 metres thlck I R 0 L

;Mmeraloglcal 1nforma't10n~1s"der1ved prmclpally from the cores of dlamond“‘drlllholes : i .:'ff—" &
(DDH) 1 and‘"Z put down _bn the: north-edstern anomaly ofs—Alro Ghelle Whmh was - . aE
covered by a partly eompleted systematic d?llllng grld N : e

e Thrs 1nformatlon refer -\ronly to the top 120 'metres o the ’ore bOdleS Where the L :{"
Lo eﬁect of weathering is .’notr_eable The nature ofzthe ore, at depth below the zoneof, L il
weatherlng‘lsnotknovvn R M SRR SR e

' he 1nformatlon regardmg, the south-western an'dmaly at Aho Ghelle is. derrved R
ﬂrom auger drrllholes and’ trenches gut. thy f‘pugh the. surfac.e mantle and through thej— Yoo
ope oﬁathe und’eﬂymg ore One vértical drlllhole, put 'down in the céntre. “of the? R
anomaly, W’as stopped at a. depth of: 40 -metres for téchnical reasons.-It showedd .. RPN
pattern of. mlnerahzatlonssirmllar to that' found onsthé north-eastern"_nsaly Work?.’-i SR

o

! the: other anomalies i is conﬁned to the samplmg of the mantle and of the 1mmed1- \ R R
Loa 1ately sub,]acent.;b.edrock A ot - E B f*fé%.t e TR R 5
Mlneral samples Were sent to the “Instltute of Pre Cambrlan and. Absolute Age o L
(USSR) The ~number of samples Was 1nsufﬁc1ent to obtain deﬁmte ﬁgures, but-the . . ‘-';
most probablé absolutefage put forwand for the mmerahzatlon is 90 mllhon years., SRR SR,
- ._V‘A . v '< “’Z" ; e : N -».\,- ; . ig .




o Ay - . , : .
. « - i
T £ . 4 » N P k3 N o . ks
[ : & ~ S
g - . PN v
I S > e - ,'7.. - r' =
L . ‘ - . . -
- . “ " L P . ; v
& hd - s A Lo e .
. ~- 4 : ~ W e
. . .. : . -
g . » & B [SEE RN >
= e L 14 LT - |
: < o~ b ; P v )
-t ‘g 3 . ’ 3 v, . ’ .
N : Do ~.
T R \ . :
! - . - - S
. u B - -
- . N " . . N
s, v o - £ -
- S M <
. . . hs ¥
. . v A g
[ " 8 W ; .
s e ' -
s . B ha ¥ 4
p4 .
! . : ’ S : s N
- . B S . = - . LR
5 f 'T?' " 2 - N w v s
- Te - = -
5

. lntruded into the Pre-Cambrlan amphlbole-bearlngr gneisses, and*‘closely assoclated

| .;?:_-:"" o of“known thorlte depos1ts - RGN

'ﬁ", _Thorite. (thorlum s111cate) is the maln’radroactl,ve mmeral of the ore, evenly' .
S scattered throughout the albltlzed gnelsses at. thélr contact with the dlkes and bodies

TR 7 of syemtlc rock.-The existence of small-amoutts of ¢offinite closely intergrown with
R uranothorrte Was reported by the - Instltute of Geologlcal Sclences (London),
. R pltchblende and uranlnlte were dlso 1dent1ﬁed SR -

Y

-
i

;. earths Whlch ex1st m the bre odcur mostly as thorlte ad tures.

-.:; h B} 2 K ," ] _\ . T o ':.v . S . : _,,.“ -
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. : Thomte. ‘The prlmary mmeral of the ore is thorlte. It is yellow—bmwn to red—brown N
: -in colout, rarely black, amsotroplc -and oceurs in spheruhtes of concentrlc or rad1-

monaz1te zlrcon and apatlte e AN

a-’/ = ’\' i '-'

"‘ S :-{" . Most of spheruhtes are between 0 1 mm and 6 2 mm m dlam

S other Irnnerals of the Gre’ show that these Were formed later, and there is 1nd1rect
BTN ev1dence tdsuggest that the: thorlum mlnerahzatlon Is post-Jurass1c IR

' ' 'v - Other thor'mm mmemls The 1dent1ﬁc’atlon of the 1nd1v1dual mlnerals preSent 1n _
i f‘the botryordal ‘masses" of, thorite by ‘optieal methods is "ot poss1ble owing: to ther :

. "' very small size.'of the. crystals X-ray analys1s suggests the presence of thorogum-
I mlte but 1t has not been 1dent1ﬁed ‘with* Certalnty

fj I ';_é;w too small for the mlneral to he cIassrﬁed as. uranothorlte or ferrothorlte. AT
B Other mmerals, such as samars'klte clarkelte and curite may ‘also be 1 pr ent Jgn’

SR o "’*the thorite spherulltes but m amounts below the hmlts off-"sens1t1f1ty »X-ray
SR 1deht1ﬁcat10n. S 3 TRt '
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Theuuramum content Was determlned both spectrometrlcally and. by Wemassay

It ‘was: found to be. 1ndependent of that of thorlum suggestmg the prese’nce of
separate uramum miinerals: - e
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o - Pitchblende, as a black opaque mmeral w1th agseml-metalhc Iustre, Was 1dent1ﬁed
R as forming spheruhtlc inclusjons from 0. 001 to 0.02 - mm in diaméter Wlthln quartz
N '. aggregates in-the coreés of DDH 2, between«117 2 and 120.8 metres. LS

' - Patchblende, ar poss1bly another black uranium ‘mineral was found by analys1s

3 ,' at Columbia, Unlverslty (Umted States) formlng 1nclus1ons and *Velnlets in samples
[ from around 49 metres 1n DDH 2 o e o
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:‘ji i The Aho Ghelle ore body is essentially a thorlte depos1t related to syenltlc rocks

© . ated: ﬁbrous* structure frequently around such gralnse. of the prlmary rOcks as A

Tt Seéms; clé’ar however that the small. quant;tles of ufk 1urn scandluml and rare ‘

: " to the hydrothermal albrtlzatlon and mlcrochmzatlon of the syenltlc dlkes and. '° .

o5 Slmllarly, the spectral analys1s of the. thorite: shows the presence of smaIl amounts s e
AR of uranjum; _yttrium, ytterblum, gadohmum scandlum and iron,: -but in quantltles ot

XN




R
e T
JERRE ‘reported It seems that the yttrlum 1s 'resent mostly as an lsomﬁrphlc admlxture N
S iy horlte and sphéne : oL R & f,.-,;; :
. o Europlum-ytterblum scandlum BRREN E S i Tt T
. The presenee of these: m;tals was. ‘étected by spectrometrlc analySIS, but thef : R
correspondlng mmerals have not been fdentlﬁed and thelr cdntents have not been * CE
P St ;deterrmned Wlth certalnty RN SR : R A - S
Tl T T must bet repeated that’so far all the samples whlch have been anai@i come R
B - from ‘the Zone of Weatherm<I Where son e of the prlmary raﬁleaetwe mime rals may i
T, have been leached out ~ C ST
; _— Paragenesns S e P g ) -
. The fellowmd paracrenetlc sequence Wa/S/estabhshed by the prOJect ~m1ne1a ooqst e o
R Y ) ..:.\_; hats Parﬂgenelzc sequence .\ ,';"- g e ':' - Correspondmg mmerals XL %’ L
. Lo 1 B1ot1te SChISt and gnelssl Pre Cambrlan Ohgoclase, mlc;;ochne, quart bmtlte, amphl- ;:" -
- o 2. Gr amtlc lmpregnatlon, ifie (. basement - .-\ bole, apatite, zircon, ‘sgl?ene, magnettte o
. air o ;"-ludlng late pegmatltesj cqmplex\ .»1.~’~“ ' 11me ltE, Ol‘thlte e o r X ‘,{ -
L e . , i -
1 3 Alb'tlzatlon, accompamed by altera“tlon _Albl‘t:e calc1te, ser1c1te, mebecklte L g
S R ‘ "-;:of. the fe?romag‘nesmn mmerals 1and R T T ‘;' PR T
: S TN IR SRR S TR LR
- ~_ "‘ - . : 3 g ,'-‘“ ' ,%‘1. % ?& O ,.' ..
R Cak:lte thorzté quartfz,azu'con a atlte, hema— o
; - . b lte :\ "t ,’ ’ '_ / ) o /s » _v"_ ’.:-:";‘;;‘”,: -
GOethlte, pyrltes, malcaSIte, chalcopyrlte, o
Lt gafena R s ows, BT
: R Sphalerlte, umnzmte, pztchblende (*’5) bar:yte, R T
S B . ; .“f o Montmorlllomte, chIorlte, stﬂpnomelane, cal- y B .
IR TR cite, leucoxene, - goethlte, lindonite;. mar-v e e
e . i casrte, ‘@ secondary uramum mme%'al (?) SR
=D, RESULTS OF _ANALYSIS B S S

The samplee analysed came from between 10.7 nd 33 metres 1n I_)DH 1 ‘and from
: * o between 20 to 28 5 flnetres and 33 4 to 121 4 metres m DDH 2 ' \
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A thnd lot oji 38 samples Was then p1 epaled f1 om the cmes ef DDH 2 between
23and1214met1es o B

L Sample 39 was a Welorhted cdmpos1te of samples 1 to 38 and sampl‘e 40 Was a
Wewhted compos1te of* samples 16" to- 21 which govered . the depths between 65
“and 80:metres and’ were belleved to have a h]orhel Us0; content. - v
: Th]S series of. samples was sent for analys1s to the Institute of Gceolooqcal Sc1ences 's _

(IGS) London and tothe Eldor ado Mining and Refining Co. Limited, 'Ottawa. '
- Conposite samples 39 and 40 were also sent. to the lab01 atory of the Internatlonal

\l. e v

; Atonnc Eﬂerory Acrency (JAEA), Vlenna. o _7 SRR R S ."-3-,_ .._'

I3 = . CRRI TR

The 1esults of thls samplln0 (in pelce \are as follous \ o ‘
e ET e I ' X ., '.ThO. o, nion
v"IGS,Lo,ndon . Rt SRR I S N oo
oo H Welghtedagrerage samples 1—38 Sos 829 0111 10,085,
. Compos?ample 39 - .‘, .- ’.~' R -.-3‘.30»' r D20 0 C. .0.080
L. T BE.M. &R:, Otd T St
" Weighted average: sampl% 1—38 s 810 v, 17 - o xS

i

' *_‘ IAEA Vzenna S ) B R TR e S S

: Compos,lte sample 39 - 7 S ':Zx_f)"9:8,, .
. \ o :“ Over-all average o R ‘. '-'t;-f yo 322 LA 0' 116: - o ) '(‘).,08'27

The ﬁcrmes f01 the presumed hlcrher cnade sectmn bet\\ een 65 and 80 met1 es .

Comp0s1te sample 89. -7 . RN S o349 . M3 L. ":‘j';*' -

Weleasfollows R R AR S LA

S N LT e woy
I S IGS London r v TN By v T

i e Welghted average, samples 16—21 - P B . AO 149' S - O 097

‘% -pM. &R, Olaea . N N SR S

R ~~-Samples 1621 ., e SN 849 '0143} Cmeae
L ,'(' o Cémposme sample 40 T - X S ‘0129 o
o IAE4 Vienna. R ) o ‘

el Compos1te sample 40

e

R

.Over—all“averace-"r # . 356 j_;" - 0130 v ‘_ F 0093
IR s - et : . SRR ;u_-

£ g The ‘comparison of the aibove 1esults mth those obtamed in the pr OJect’s labma- :

’ tory can be_made on the Welfrhted avelaces of samples 16 to 34, 37 and 38 It IS

, asfellows-' S SRR AL A L T S

« » '\;l:_ PR . \ . ¢ i

. .": . ;‘ . o ,'_ B e T tﬂ.. . . N s T 1Th03 Uaos‘ o ’Ygo3 7 -X -

ST UGS, London a T T 346 ,_0.121 o092 -

, EM &R ozmwa, SRR T R U 331 0144 N :

2k
3
3

" . N —_— P

: « Average l 338 0132 (0992) o
PfOJect laborator J ,‘ L, / L 237 o 013 L

e . Tle
T S -t

s In orde1 te estabhsh a. seale for‘rapld ﬁeld oruldance as recr ds the values of |
samples and dullholes, the.core which were-assayed were also/subjected to 1ad10- R
{metl ic. measm ement It was fo that 130 mﬂh—R ntcrens er hour on the core
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The statlstlcal an%s of the results for ThOz and U30s, obtalned at IGS London/ - TR

andEM &R Ottawa,lsasfolloWs f._ U TR - i\/\ R
'.1 : N Average Sl = emT Lo
R T content% S e T
o - l": \ Number (Proba- : SRS { o -
e et of . . bzlzty . s © Stdndard <. . e 4
. ’ samples : 0 959 . DisperSion -~ deviation.” - Criterion® -

Ies London« R R | 33:1:0,4; CA1.92 77 ~’<-;.3b' SR R
EM &R.;Ottawa -~ . e & ' e
"5t analyst - o o 40 2.7:&0.4-'., B (| A 130 167<196 T g

- 2nd analyst ST RN :e.'o..4»’ .JJ1764 ,-»1 28' S S
UaOs S SRR T S SR S o o '
~IGS,London - - - A A 011;1:002 00035 :;0.0"59 N

i "f E.M. & K., Ottawa~ -~ =1 o K

T 1st analyst oL 40 -

‘ 012 002 | 0.0087 -'*0.05'2‘ . 008<1.96 -
“2nd analsﬂst LT _,;,‘;3_.91 () 12

:!:002 - 0.0081 o056 e Tn

*

i et RN
*Student cnterlon : . P _: S Rl T ‘

The average ytt1 mm conté‘nt 1s O~08 per cent but 1ts dlstrlbutlonls probably

The statlstlcal analyms of uranlum dlstrlbutlon in- the general sampIe populatlon ,' ; ';-.?"f -
from DDH 2 1nd1cates two separate populations of uranium content:in the upper:
hOI‘lZOIlS of the mmerahze”d zone.- Thefirst populatlon which hag*an average content A
‘ot U405 within0.13-0.14- per-cefit conforms with the normal law of dlstrlbutlon. - _
The second populatlon ‘which: represents about; 25 per cent. of the samples from. Vol
- DDH 2 has.an-average content around 0.04 per cent and probabl'y répreseritsthose -7
parts of the mineralized Zone from Wthh uranium has been partlally removed by cghe o
Weathermg along the fissures and'near the surfaces - o coT el

- The Th02U303 ratio for- the deoth explored is;26.6, but at thls depth the d!epos1t T

ls still %l:sn the Zone of- weat-zcrmg, and’ glven the high moblhty .of yranium, it Do
5} “quite; possible that a- hlgher uranlum ‘content WIH be found m the deeper ~parts LR :

of the ‘ore body” S T P 80
E BENEFICIATION AN;D RECOYERY‘ B I A TR S S P

Qn the baSIS of e}nstmg 1_nformatlon Aho GhelIe and probably the other anomahes o
must be considered as:rich thorium deposits with a relatively low uriniumi content: -
present ds an admixture:with the thorium fninerals and- w1th contents in rare‘earth R

Whlch are tog small to be significant from' the econorhic po Int ofuwew

Economlc AQaluatrons must, thérefore, be based for the ti
of uranium alone, and take into account that for every tn
30 tons of ThO, will also be’ produced YR TR _ . A

" The comp051te samples. 89 amd 40, whlch Were .sent to IGS; London Were subr-
mltted to prehmmary beneﬁc1at10n tests at the Warren Sprmgs Laboratorles S
(Umted ngdom) S L el T e e

They“ contamed respectlve‘ly (1n percentages) TR e T T

. ‘ Samples ) i" N ;‘. o -U‘_’O8 . " ’ ThOz s . A- Y203: :»?_. {‘ o .
&g e 005, e B D [ AT P
e g0 0115 TN 0L o e

bemg on.the recovery o %H
U304 extracted some o
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. Pleh‘mmary leachlnor tests on the c01npos1te sample showed that the 01e con— o L
- .. tained an alkali equivalerit of 89, €Q;Ca.: Tr eatment of ‘the material -as recelved L.l B
- 28 pér-eent minus-200 mesh, by boﬂmcr 50 g.of ore fog. 6. hours with 50 ml of 4N L
e  solution of HaSO,,,extracted ohly 24 ‘per cent df,the uranium. Grinding the 01e, o ot
R T 7 100 per cerit. minus-200 mégh increased the leachmO‘ effic lency to 42 per cent and B e
el f © to 81. per cent when the solutidn-to-ore ¥atio. was. doubled: B b e
© -~ " Boiling 50 ¢ of the mmus-ZOO mesh’ore for 6.hours with 50 ‘ml ahquots“ﬁ HN 03 e .
o at solution normaly ies of 1.6, 3.2°and 4, 8, gave ‘éxtractions of uraniam of,’ Tespec- . T TN
. T" - trvely, 1.4, 29 and 41 per cent. Doubling thé volume of 4N, HNOj increased the . T DRI S
went extractlon to 72 pel cent The best 1esu1ts correspond e1the1 to a-usage-of 0.6.ton ~- y
PR of 70‘7 NO,per ton of 01e -or for the max1mum extractlon eﬁimency of 81 per cent . * DA
R Wth was achieved, 0. 4 ton of H. SO; pér ton of ore. : - L
o w B Direct leachmfr of these or es is thus 1mp1act1cable because of then hlgh alkah
... content. S ;‘ ' MG . o e - Lo
L Preconcentratmn tests wérej; therefore carr\leﬁ out \'Qhe sample as receivedicon- - ot v

w o ’ t‘alned 43 per cent*plu§-72: mesh, material. This was finely g around to, complete the' . T A
> ‘{liberation of the thorité and recombined with the ogiginal m1nus-‘72 mesh fraction. ; l e
O The. final. matenal tested contairied 44 pér-cent. mmus-ZOO mesh, *% * T Co
FRRE N A sample of 1.61 g - of this material-was treated on ‘4 laborat01 y—srze shakmg
. tab]e Whlch gave a. concentrated fraction of 7 pér cent, a tailings fractlon of 7 1
.'}_ + + per “cent, and a.slimes loss.of 22 per cent in lelatlon tothefeed. . 3 _g

e

S The d1st11butlon*1esults (1n pelcentages) wele as: follov&s e

= - f'."v- S Assaj Sl ' Dzsmbuiwnw"*

L, T - . =%

Cmo e Tablefeed . o 33 ,.j S 0d1 T 100,.-, T 100 R
oy o U "UConcentrater ol 30.0 - -0.83 . .. 633 . - " bh32 T s SR
S0, . Tailings ., L 15 . 006- 7 822 0 . - 890 el .
. USlimes (caleulatedy™. . (€7) R 04) RIS M8 L e < o
e : : Careful gnndmcr of - the ore Wﬂl certalnly 1educe the loss of values ln the table ’
PR R taﬂs and shmes and & concent1 ation latlo of about 8 to 1is 1nd1cated

o ’«"\“:' . .

O 83 per cent U308 can be obtalned by a s1mple process of | ar av1ty sepa1 atlon | nd o
, once done, there would b# no technical, problem torleach and separate thori ium and L

I : L4

o . | u1 anlum salts from the rlch thonte concentrate Lo b - , R
,.“?"" sf’ & | . - ; ' ‘ ‘ - - _‘ . . N »"_ : ""v ‘-- ; ‘-:—"‘ - : .- T . . ” :. - ~‘"_‘ - :.}. : :~ A. * 1
R F CONCLUSIONS STl e : o DR '

- Re

From the data avallable ne rehable estlmate can be made of the p‘otentlaﬁ reserves .
" at Alio” Ghelle and, therefore, the Bur area as a whole. In fact, the information =~ . U
éollected 1efers only to the Weathered zone of -one depos1t and may not reﬁect A BN RS
" conditions at greater depth or, poss1bly, even elsewhere .' SRR R
Tt can, however, ‘be said ‘that.the .exploration, which red. part of one of the e I
" better anomah:es but not-necessarily. of the best, and »Whlch had been chosen for , I ‘
‘Teasons of convenience rather-than ge oorlcal con51deratlons prov1ded cons1stently[ L
- corroboratwe ev1dence Whlch conf rms to a pattern already known on other S e
depos1ts of this: type BT ; SR : T
o " Under &n eluvial mantle: Whlch .dlspelsed the aeror‘;a}aometrlc 1ead1ngs, pomts of R
A thh anomaly were found to c.omc1de Wlth radloactrg ore bodies s1tuated in hlgh]y B A
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1n uramum,
reCover1es
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: .frock ~types and structures There 1s therefore, ev"ery: rea~ on 6. hope that the 37

e ﬂ.,_oﬁher algomahes dlscovere to ishe s\mqtype as
T o that at Alio Ghel}e S ‘
5 A}!\ 1nterest1n0*-poss1b1hty_ 'gxopened up by the absplute aoe deter.

radlo tIve mmerals If 1t— 1s'conﬁrmed to be 90 mllhon years old there 1é n ) e
o Wh ‘
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oAt ,'1t1<(3/ rocks of 'baux1t1c aspect were found by one of the 'prolect erloglsts near e ‘
e Manas in the; north-west of the ‘Bur area, coverlng over 15 km? and-going down’ to. “_ R "
B \ R depth of 11 Tnetres. The,ﬁrst assays were-gncouraging, and anexpert, B: Mlkhallov, o
L P Was requested to carry out an over-all exploratlon for bauxrtesiif y Somaha toconsist™ - - L
e e “ofa ‘ré-interpretation of the: avallable data; dn examination of
SRR SN and a cquntry-mde 1nvest1gat10n of the niantle formatidfe =" %~ 7 ok , : ’
RN ~From’the point of- VIEW - of banixite geolocry, Somali forms a smgle unlt Wlth'“'
ST Kenya and Ethmpla and can be d1v1ded into areas. of plalns an‘d monntalns° LIRS FES
':"“Plams a,rea -» A: | ;;,_-vq,‘.'v , -; “_ {." :/- ~ ,, e 5';. B o \ R, Q v .

§juth'w'%§‘ts"maha e T e T e
| The area is covered by aN eogene Quaternary arenaceo;us mantle above‘Jurassm S T T
: and Cretaceous carbonate rocks Whlch are commonly covered by cali

S more rugged coastal area south-west oii%ma ( ','cqntalns occasmnal hmestones ,__}f‘,?’ . KR
A d ld & q& : i - -} cel .r_'," .-A‘l D o v
7 ~and old ocean erraces L R N UL, SRR . S

o \f R Four traverses in. th1s arex alled to‘hnd"bauxlte : - . : :
7o i e~ ’geomorphology of thls area ls‘yarled and 1t,'s COVered by’mOO knr of : N
L traverses. A S o ' _ MR
An the, easterh part of».the aréa, on the leﬁt bank ",f the Scebeh Rlver occu‘r FRREEr S

numerous"ﬂat-tbpped remnantaof a palaeopeneplam ;_th'h cons1sts of‘Cretaceous . ot
. '_"-’-',.'i sands clays and: limestones.’ " > e N X “""" el e
i'.'w These remnants are capped by 5-15 !metres of- laterltlc crust\contalnmg g'oethlte 1“*/’ R
' hematltq, mancranese quartz clay, and o,ccasmnal"* alummous hydrates Suchi.de- . . o
. DOsits- indicate past laterltlzatmn but they ayesmall in. thrckness and‘extent and” v
1' e are 1ot of éégnomic valuet * 7 L W7 - : BRI
Cyi The northern= part of the area is povered by a zvast su’ohorlzon‘tal Jurass1c plateau R S
? Wlth frequent N éogene-Quatemary, basa}tlc 1ntrusmns occurrlncr occas1onally as’, f Al
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SN ¢ small tabular masses The combmatlon of basalts and of carbonate sedlments 1s
LT - favourable for the formatlon “of baux1te, and this area Was therefore, exannned in- F
e _ detail. The basalt outcrops are well exposed coyered at. most by 15—30 cm of loam c .f '
' ’\}-_,f R contammg brawn: ferrugmous concretlons SRR T e

. 8 T 5:_,5 “West of thé Bur Acaba occurs, a basalt’ hill’ some TU 15 metres hlgh 300" me\tres\\ < \

L S long, and 100150 metres wide. The contdct between the basalf zand the limestone; s y 1
A ~was exammed ‘The top of the occurrence is fisst red. and%vered by a feuuglnous ' R
B , B Capplngv from O 5-0:6 metre thick within Whlch ere aré no aluminous hydrates. .'_;f s
R = _The Jurbpsic hmestone is well exposed and 1§ normally alteréd to caliche; with =+
et . eV1dence of karst* forhation, The selectIVe dlssolutlon is Very 1rregular and is not :
ey . moré tha. one- métre; deep The surface depress1ons in two aréas,’ north—west of * ;
SO . Baldoa nd Manas (map ) are: ﬁlled with a*ferrugmous plsohthlc soﬂ o '»-.-;"'
o

CRe T The/Manas oceurrence/was drllled Jurass1c clays-and limestones were penetrated U
2 il ':‘.-_ -';A v at‘a depth of 14: 1 metres and the hole was sto opped at 22 metres. The upper Sequence R
L , ' cons1sted of brovv and yellow ochrous clays, gravels and loams contamlncr several
R hor1zons of ferrugmous concretlons o : :

by spectral methods Thln segtlons showed ferrug neus oohtes embedded iwat N
colloform cement. with ﬁnely crysthlhzed carbonates ‘and rare quartz grams The _ ‘ |

SRRy , A - rock:contained. carbbmate, veinlets from- one to three millim®tres thick, - ' Y
B ‘Thermal analys1s ‘gave: endothermlc'P 1eactlons at. 140°-145°C; 3‘50°—385°C
5ZO° 530°G 800° 830°C and an exothernnc reactlon at 930° 960°C s

.Ngo, L
1-:51.1}7' R
T08 . s
086':';."_ REAL

\]h\ve\,cfoccyr F
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’M —

- talnlng gypsum Thelr Weathermg produces only (;aljch ' : »
AEEHRERS The eastern pazrt of the central area’ contalns, therefore, only a thln lat@"mc L.
.. cap which COVers. the remairis of an” “old ‘peneplain’-Greater’ ‘thicknesses of lateritic ... .. & .
materlal correspond to: accumulatloﬁs of ferruglnous sedlments Whlch contaln some "

Y suncombmeﬁ alutginous hydra\ﬁesat certain Jevels (VEands, .
N3 represent the remnants of a laterltlc crust WthhSWaS f.ormed outslde th ”11' its -
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T and other rocks T,he surface coVermg cons1sts of red brown quartz sand commonly S
SRR accompamed b‘y caliclie, and Wlth loam and sand 1n the rlver val,leYs BauX1te is: E R
,,fnot to be expected 'nfthls area., o TE L e - : cE T e
No.pthern Plams area ;'Z" "'"*' e ."’?5‘-" el "':" [ ; R .
The northern plalns arda is- 1nounta1nous or hllly and contams numerous h’me- ' * ‘

stone and gypsunf outcrops Wlth rare, flat: topped hlllS separated by sandy and A
clayey p101uv1al sedjments. s et ‘
‘This' Juvemle relief is unsu1tabl€e for the formatlon of late11t1c or baux1t1c depomts,

espec1ally in an arld chmate T . . : \ ;
ountamous area ot T e T e s A e
: e . P

'.'.-.',,;,Mountams extend throucrh the northern part of thé’ country, alongethe Gulf of oyl e
o Aden and consist; of a-complex: of Pre- Canlbrlan to Recent'rocks. . 11 STEU e e
i The €xposures fre good and’ the. presence of baux1te Would be easy: to re(:ogmze ' . AL
S ,,not only 1n-the mantle but also 1n the underlylng Mesozmc Palaeozmc and N eogene f SR

rocks‘ ne \ ‘ CE el e e Tl B

“ NER The Juras ic; C1 etaceous, Faleogene and NeOO‘ene rocks dre mostly carbonates LT~
oA ""“and Arequently . contam gypsum. Thelr depos1t10n ‘occurred: i m ar1d marlne and PR SR

lagoon conditions Wthh preclude the formatlon of baumte ; i R v
L are sandy. and clayey formations related to contmental eplsodes in the-Meso— : R
o zclc Cenozo1c sequence could b otentlally bauX1 .. C)ne such successmn wéis S

- u“, .

ferrugmous sequence 200 me j (/thlck contammef polymlct sandy and red-colour d : T :
f limestones a dsandstones in limy: sedlments At T

L ;—»rocks with. thin, nltercalatl ¥l ST e
s o Le it base oceur () metres of sandy ‘and clayéy rock ‘with a thin 1nterbedd1ng of grey -~ g
IR : 1, s11tstones and argllhtes codtalnmg rare plant debrls and beds“ of hmestone and LR Tt
L ' dolomlte with lehses from 0.4.t00.5 metre thick of brown codl; - S :~7
: N 0 ev1dence of che 1cal“weathermg suggestlve of baux1te formatm}l Was seena ’

he ountry rocks are shghtlyal,tened OF covered loy a desert patma |
 of. 400 km of traverses no baux1tlc or- laterltlc su‘rface materlals '

e el

'!\free a:lumlno'shydromdes, [EI A : At R
~"4(b)‘ The la{terltm crusts and' surﬁace b}rowry or § found durmg, the mvestlgatlo LT
R show. ‘that Jthe- cllmate Was formerly uitab! ""-for l'a&errtw Weathermg,, poss1bly e

durlng Aone of the pluvlal perlods of the" Earlyl or. Mlddle Quaternary Whlch have ‘_'* R

. e,
Lo e L e o
Y : R [ )
: . T e
8 g . ”.
BT t QK o
s LI B 8 a LT .
+ . - . » . -
L c F} g N i .
. s + -
. [ . -
) M ; . . R
N . : ‘I.
! ' - e i




- v e T ST K o - ° o L e ol
PN R 3 é s . s .8 - 2 <
- I’ PR A - S . N : . o b . S -t
PRI % : 5 KR o A - b ¥ ﬂ ! N . . [} TS
¢ W BRI e : ' - y . - el
I . N : ] : . o B B % - t . .. A A
£ 4 - CEL I . . T - N . - . -
[ S . LN, - e KN . - . L
o . B P AR N L v . E - W T
Ly - " 5 * . R . hd . . .7 B - . K
v . cS e S ¢ o~ . : . . PRI LR
T - - . L g . _‘_, 1. ....1 N . s M * ) PR
- R c ., 3 s . " . G
S -, . s . [t B - yVEF . e u 5" S
. I L R T w o LR .
- Nt S RS A : o e -
. - A : “ B R - L £ . . . . . x T
Y R LTy e e el B s - . : PR
. PR N : 8 o % b T e . - . B e o ik
- D . Lo o v ~ B Wt 2o S L B IR I
& . : S 3 . s Vo - . A L w -
B . o Y g e . A R . / SRR e )

. - o = L. Y = - s [ . BN B o t

A . i 2 b ” . X s
z d - . coes

v : U ; -‘h.» o : ST
- . b - . .

. v & BN 3 . . ' -
- - L o s §~ B { ¢ R e * e
. ;( A oo : - . v e v .

N v - \ < " - TG
- ) ’ > - s ;/'

L ha — g v . R

. B : e » .

: - ~ o . L
‘ S

T A (c) A mOre detalled geochemlcal and m1neralog1ca1 study of the materlals col- : '_ R
e e . lected cpuld provide information as regards the.original formation which® supplied - . ol
SR R . the free. alumina.- Whlch could then be: 1dent1ﬁed by further exploratlon probably '.- L
TR - outside Sornalia; - ' : R

A (d) There appear to be prospects of ﬁndmcr baux1tes in. some areas. of East

L :

! - , Aﬁ ica and par ticularly in the areas, of: laterltlzatlon. The 1nﬂuencn o factors Would e
e ‘be: a past and piesent, ramfall ‘of ore: ‘than 1,500 mm/year the terraln dlssected R

, o 'Zi_,v “into peneplalns and plateaux, the presence of countny rocks 11ch in ALOd and te
S poor inSi0,. . T . S T S

; : 5; (e). Suc ’ n,,cenvlronment Would also be promlsmg for s1hcat§ Co—Nl ores,; Mn ores SR

Fe ore&k "-Vlal crold and d1amond and nestS of quartz veins. Geochemlcal explora- R
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B EL BUR SEPIOLITE R T w‘

Seplohte, -or- meerschaum, is a hydrated magnesm e’ .

formula 2 Mg O -3 81022 H O S ;‘_ e N et . , ) e

Deposlts of thls materlal are reiatlvely feW, the prmcl ai ones ben*g ESkl Sheblr : i

(Turkey), ‘aﬁcas (Spam), “Amboseli (Kenya and Tanzama) and a number of " 1:.»

*-* ‘small ‘occurrefices in England, France, the-USSR, and the United States: ~.7 = e
.. The best meerschaum has long been used rvthe manufacture of: Thigh-g ahty < ‘

' " « tobacco pipes, and-i 1n feéant ‘years. other gradesfiave found & wse in “the ehd 1cal ' 'i. e

eleetrmal and .céramies industries’ because of thelr absorbant ~ads0rbant ﬁlterlng, ki .; e
mﬂul,dlng, and’ refractory quah‘tles o SRR \

" Si.uated 870 km north of Mogadiscio ni 6 km to 10 km north-westﬁ:!f—%he town of EER NS
El Bur in the northern part of Mudug P ‘yince tfh- El Bur deposﬂﬁs .one of the

?*larvest known. Ll e T
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. .__:.f_Geology L T e e T e Do T -LL; R

'The area cons1sts of Eocene hmestones Whlch prl\n\cfpally \antaln 1nterbedded

o ;A - ‘gypsuni, anhydrite, .anc . lay. Towards. the’ south-West these formatlons Crrade;_ ‘
v Into Cretaceous sandsto ,es efnd hmestones S o ’ k) f~'.;.v'f_"i'-,‘}~.'-

:seen but the occurrence isicon ned toa s1ng1e deposlt ahgned north-south L
el * The mlneralged area of thé-fiat- lylng sepiolite is an area some.1.5°X: ‘6 km or._"v T
'g : 9 kni% Thé deposits are joverlain' by’ a thin' mantle of overburdek ‘and overgrown SAST L
N by bush contalmng oce "s1ona1 aazzllng white seprohte debrls outcrops or, pltf Sy
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i e and 1ts spemfl'
St e o \<because of the\hi g ,
TR L 108 and the electron mlcroscope show P compact t’angled ﬁbrous maés T
S ,Whlch encloses etrltal gramsi of quartz of feldspar and of | gypsumi - T e
oo The matenal ,;I‘Ol’!{l El Bur ‘contains 79 per ‘cént, seplohte as. «agalnst 88 per cent o
for'samples from .Tanzama. The prin¢ipal’ 1mpur1ty is evaporltes, mamly hahtes ‘

-~ and the material’ 1s~Compar able to-thé “paruty” meerschaum of Tanzanid, unfit ./
for plpe manufacture but sultable for carvmo n’fto curlos and for such 1ndustr1al

Th e o

purpOses as ﬁre brrcks L | \ T e Q\ ( a

=
ons

o

: “ ’-'r. .

Geochemzcal emplomtzm@ '

, The results of the: 0feocherlm\all\and\ etallometrlc 7 »
“ - mients in the course of the general g(:glogrcal explora ",on were 1nsufﬁe1ent to support e
'_quantltatlve asses‘sments N \ . I y R
It is; important to note, _howeve ,,ft{xgt the heavy ‘c\oncentrates fro_ren the Bur
s Acaba area tested- very hlgh ingsilver, copper, and cassiterite; assessed I in conJunctlon »
. 0 WIth theL geology of the area, they merrt fur\ther mvestrgatlon A o

M“’"ble

f"'.Large outcrops of n‘iarble of good quahty and of Vauous colours, su1table for
“"building:and ornamental purposes; were found in- the followm g areas: 3—4'km south
TS of Modu Mode%lllage 9 km north-north-west of Bur Acaba m ‘the Dmsor area‘ '. o
' 1n the Bur Galan area. .- T ;Q SO AT Y
e’

¢

I

%

’I‘helr descrlptron s given in techmcal reports (see References, sectlon C C
No 7 L Bryzg,alov, 1967) Whlch accompany the geologlcal map of the Brr ea.,

Pegmamtes

~

X e -

Numer()us pegmatﬂ:e Vems, several metres thrck and pers1stent along the str1ke G
“were found .in the’ eastern; part of the Bur area.: ]?’rehmmary tests showed that B
thelr feldspar.s Would be sultable for the manufacture of cerarmcs - _}‘L TR

» -
.f _.\ N -

thamum——manganese _' ERRTO R o ’._f: S L
In the Bur Acaba area, trac%s of t1tan1um and manganese were found m certam . ;"
“of the rock formatrons but Were not cons1dered to be sufﬁment to Justlfy further e
e)}ggloratlon..,;_, e et T e

. R & Y. A ot - R .

Phosphate—bearmg rocks IRV SRR NN C

CIn the Modu Mode area, some 5 km West of Bur Acaba the marbles Wthh con— T
tam G:) cons1derable admrxture o s1hcates, gave an analysis 24% P,0;. This- cotre- - .- &
LT sponds to as content of- approxunately 53 per cent of tr1calc1c phosphate of: hme '
Whlch Would not be ecnnomlc to mme A L e e

- S
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B garnet and of: magnetlte, part1cularly dense along the contacts“f i

The former Geologlcal SurVey of Br1t1sh Somahland found 1nan0/anese copper lead

molybdenum—lead -bismuth, cassiterite, fluorite, laarytes industrial feldspai“ 1ndus~ BN
" trial quartz,. mlca ‘asbestos; -tale, highly aluminous minerals, kaelin, glass sand
- corundu, and gypsum (figure’ 4). Thesé were. of onily academlc interest for a long - )
time because of poor transport. facilities/and the lack of a port of sufficient capac1ty S
.Under a bilateral agreement with the USSR the port of Berbela 3

~for mmeral tra
has- been developed with the. followmg charactei"lstlcs L e

fo‘ a few days of Wes.te1 ly Wmds

) The @u ™
545 metres

) .\

A MANGANESE

a

)
E

A line:of rock\outcrops, 6 l{m long, exd ndhit
" . centains scattered§ndications of manganese;

-

'trlke conforms to that of adJacent
rocks and changes abruptly N

“The ore occurs as a, serles of lsolated lenses fro ‘;3 metres thick and 2 metl‘es
long Whlch p1nch out at shallovv depth The mlnerahz \b var;es frora nearly pure,

blotlte and b10t1te—muscoy1te schlsts SR R N

¥

. Anohm age 1is Wlthln the, lagoon of-a coral reef 4vhich parallels th coast Access |
‘ ~to the open sea is’ towards the: WSWand the anchoragefs fully pr tected except
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3Q7 % Mn, must have come from small‘hlorh crrade pockets Several snnllar oqcur-, ;
- Ténces 5 were: examrned in thie Sh, h, area; ‘with equally dlsappOHltInO‘ results 'Plrese,

mangglese' oocurrences must be con81de1 ed as not. eeonomic s /W
"B. Leap o L
Dammﬂeh R T T e g T ” o

Galena occurs at Damnne’h.m s1hclﬁed "roc:ks and calcrte vems related to a fault
© Zone, “The formation strikes 240°W: and d1ps steeply to ‘the north The mrnerahzed S

band varies.in Wldtn from five' to six metres and. is 150\metles ‘lonc. T S

N The Ualena OCC’I.HS ih' grains *ef* two -or thr% mllhmetres In.. S1ze qr.in adorecrates
\up to a centimetre in diametet; in the quartz ve}ns Whlch are assouated Wlth
quartz-ﬁuorlte VelnS\ contalmncr barytes and rare ajsatrte .

Wzget i \ R i T °;
A fault zone at W1get oa6 metres Wlde can be followed O;é a lenorth of 50 metreSv i
towards 20°-30°E i in quarthonate hornfeks. IR . - W
“. . The zone consrsts of quartz-calcite ‘hornfels 1mprevnated Wll',h calena pyrltes, _

chalcopyrltes (Iare) and-malachite.” . .7 s Joeo PR o

The nunerallzatlon is most 1ntense in- the southern )part of thls zone but 1s hm,;ted
to a feW mlneral orams in the north S e o v
K 'ﬂ'.. / / - o '_ o o R ‘.\-.:
Fulcmful [ : - R R e v
At Fulanfd‘ is the most 1mportant of the lead eccurrences The ore”is related to a -

quartz. cark onate hornfels within'a fault zZone: containing marmoric hmestone. ‘The -
-~'galéna oceurs in numerous quartz-carbonate ve1nlets a few centhetres thick, and

“ several metres long, ‘but no\ewdence was seen of dlssemmatlon in the adJacent "; L

»_ limestones: It was co¥ered by a maornetometl(le and’ electrlc sul ey which showed
a4 strono maornetlc anomaly : . S =

";.

Concluswns ’_ ,'z

‘» # -

Fulanfﬁl Whlch Was determlned 25900 mlthn Vi ars It' is
e found\ the

‘ -;deposlts can W,ell occur W1th1n the

o si; .
. South of f
.- and bisny

.a large area of schlst amph1bol1te, gnelss, orramte syemte, and crabbros. The most \
1mportant vem is from one to ﬁfteen metres thlck and 150 met1 es’ lorw It is- sur-

o
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SRR Geoluglcal sketch
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‘Contvact llnes of tectonm» » . *

D’ip".' Gvit'h a»n'gle,in,jde'.grkees‘

) .Verttcal amterval very roughly. 5 metres

Blotlte gnelss with' schlsts and :
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S ;dlp towards the north at angles of 5° to 85°.« ot RS /
The molybdenlte 00cur§g as ﬂak(es from ﬁve to s1x mlﬂlmetres 1n saze, 1thlckly

‘ | ’_.IS too small to be oﬁeco‘nomie swiﬁﬁcance but ‘1t 1s related toa syemte mass Whlch
may Wdl ﬂe"veal afurther mlnerahz tlon, atn’d 1t merlts eproratlon L A

,._The malachlte and azumte Whldh Wer \reported in: the past from se\reral places,
f'occur as ooatlngs Wlthln the 301‘ ts of arkosm quart21tes andr amphlbohtes No ore

s _"Swarms of pegmatlte Velns 0¢q ir near the Vlﬂade of Henwema 4 &+ Quabm Bar and
R = south of Hamm S Vlllage \‘Sevl_,ral‘ new: velns: were found At Hen_ 'elna andv‘Qu»abrl

' ,‘ cass1ter1t\e / g
La radloactl e anomaly. The : rea appearsato{contam a promlsmg pegmatlt e]&. =

An mt'?'uswe"mass\(covers 3‘ km 130 km north-west of Hargelsa It & /1
syemte and nephehne syem e. Theﬂat er have an’AleJ content up to 27 ~per‘ cent i
bu ,averade 20 per: cent i K T L& oo S

S Under ,present ’Ebndr 1on' these rockﬁ"'cannot be eons1dered/{ COnstltutlng an,

et but their: ex1st°ence must be nof/ for future reference,

should chan (5 of Iocal con itlonwarrant re—examlnatron 2 %

"o -&

e

to contalnfv130 OOO ti)ns of kyamte, andA«

%t ‘_r-‘_. - ? Ik

eVera reas of sand Were studl,ed‘ , nd the reserves eontalnea mthe th‘ree largest coAEL
gites wer'e assessea at: monazite, 900 tous; ‘zircon, 240:tons; Tmle, 207 tonse™, <., N
N ?Bevera,l Aew Narrow: coastal str1ps ‘have been: found bykt the thickness- of“the{'v_;v.;,_"“,,'v NG
0 mer ahzeéi SﬂndS now fere exeéeds 0. 5 metre and noxe’ onomlc deposl ; "’gl‘e found T

.<>‘o n..




f‘(gptosm of gypsum nd aphydrlte\occurs ndar S riah’ 