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MeMORANDUM

TO : Christian Holmes, Director, Trade & Development Program
(IDCA/TDP)

FROM : Harold A. LeSieur, AID/ST/ENGR, Team Leader

SUBRJECT “inal Renort an Fnbﬂ‘

L Reconnaissance to Moerroco,
January - February 1387

D

crovals reco: znce nission was to define

The primary DurLposa

i onnNolss
tne supolv siae of the Mg roccan Cabalt cguation. A subsequent
investigation on the demand cide, involving poassible U.S. private
sector cooperatica, 15 to be undartaken on completion of the
COSONNAlooANG, DIn3ion R0 MOrocos.

General agroeement amotars -0 Nave been reached by Team members
that minerallzacion 1n the bou Azuer region is associated both
with seypentlne foundaries and wich fauvlting and folding of
ophiolites, alohouch the soeclilcs of lov;tlng such deposits cre
complex and not entirely predictable.  The potential for
additional degosits can o2 Jdetermined only by & careful
geophysical and gecThenlzal test pLro

v C

nown and poutsnoial Cobu 1t m;utg|~l £1on 1n the Bou Azzer area
is descrised oy Teanm memters as "co: lderable " In addition, the

neighooring 21r0ua oloc& 13 consijuru* te cifer "an excellentc
target for further exploration.” Tnere is 1lso Cobalt potential
reported In the sSouth of Morocco, at the border area approximately
600 miles Southwest of Bou Azzar.

WORK ACCOMPLISHED TO DATLE

Data may have been developed on the Bou Azzer and other deposits
py Fren.h scientists dating back some 100 years. In more recent
years an ilmpressive array of sclentific investigation has been
accomplisnad by Moroccan scientlsts under the leadership of ONA
Chief Mining Geologist Mr. Pilerre Billaund. Mr. Billaud isc
co-author of technical papers on the Bleida copper and other
deposits with Professor Marc Leblanc, whose original work on Bou
Azzer and Bleida is tundamental to tnis investigation.

From the standpoint of counterpart Moroccan geologists, their
geochemlical reconnaissanc has boen concentrated on outcrops.
Rather modestly they characterize thelr 5eophysical searches as
not having heen made yet on a "grand scale.™ On the other hand,
Dr. Michael Foose praises the "larg: amount of excellent technical
work" accomplished by the Moroccans. Team members generally






enabl2 Moroccan sCientiscs
and where mineral volns we
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to "wmase better guesses" as to when
re feormasd, This information can fend

t:ng, according to Coleman.
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Soil-sediment samu a ygeounemical technlgue which can also
lead te usefol o oo Ratoer than sasple on oo uniform grid
(Russian) Leclo, Zo. Foose and Darwin ~osoman recceamnend
collecting Ceconn: ceosamples witnlin dralnoge patterns  -to
beneflt from the " cLIcct Trom mineralized ovunroppings,
Accoriing to Mr. Russaan, wnlil waoll glve information on higner
elevation sources, Lut must oo limited te new areas (not Bou
Azzer, wners stooan Toliouin con interforoe oivh o ricultey.
Percussicon drilling i 4 techniq;n suggested Ly Jobin Lucas as a
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In addition to the
1on

primary

euploration

on Cobalt, a port DL tne group (Lo
undertooxk a4 separate trilp to view depooi: 2l L Lve ;
reida (Lecd and Zarioa and SEIoer oor Bou Modlr (¢ multil-medal
deposit consisting of zing, sulver and oold, . The ontire
Teanm previoudly vigited the Jueboslits oat Blelda, and
observationg on ~indings are ciscwhers In o this repora.
In addicy CO resoondlng to the klnd invica-s CoMoroccean
hosts ©o successzul mining venvurss, 1o
tnls side 2irort to asess tentatively whe soos
potentisis (or U.S, companies. Hopecizlly o
vrice of cosalt could militate acainst very much
sector interest, the possinility of other cxploc: £
the risx of any vencare) should ne considered L0 Lhe case 0f
Imiter and Zoida, ivn appeazs that the situation 2 well in hand
by the Moroccans working alone, and £he entree for J.3. firme here
is not atcractive The story may be different for #lcida and
Boumalne, nowawvoer,
r wtic d2tection tecnnigues mav be readily apolicable to
rt veln deposits of Boumaine, togcth: wlith geochemical
znd could together permit rather rapld assessment of
noand mining potentials. This entire domain, betweon
: tlas and Anti-Atlas apopears co offer googd exploration
Dotentia., and BRPM 15 eonc JJanlng to such exploracion on a
cogperative alls with U.S. incerescts. A bcnﬂiiJidﬁlOﬂ ploant Iocg
such 2 multi-anetal delosit would require expert salac mﬁ o
en

proces
constr

'ng cquipment

ctlon.

and careful

on to plan
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TECHNI

Techniques Emploved

1. Diamond core drilling
to 5«1 meters

2. Geocnemical survevs
2.1 Unifcrm grid sampling
2.2 Russian methodology

3. Electromagnetic surveys,

ground
4. Extensive mapping
4.1 Topographic maps
4.2 Gravity intensity naps
4.3 Metallcgenic map
4.4 Supporting data file

Lninic 3
UES EMPLOYED AND AVAILABLE
Improvements/Tecnniques Available
1. Percussicn deiiling
1.1 2 faster and cueaper supplement
1.2 Disadvantzce: Less precision
1.3 So. African model reaches v
mneters
2. Geochemical supveys
2.1 Soil-zediment sampling
2.2 "Pathiinder” analyses
(63 ¢loemranisg)
3. Airborne Tecaniques
3.1 Electromagnecic surveys
3.1.1 Regicnil modelling
3.1.2 Computer profiling
3.2 Satellite imagecy
3.3 Aerial photography
e Geopnysical sanpling
4.1 Metalcgencsis studizs
5. Isotone LEaClng
5.1 Stable isotopes
5.2 Isotore dating methods
6. Hydrotherinal phenomen
6.1 surtace measurements
7. Bacic Re:earcﬁ
7ol L?luld LiLC A U»J"Ola Studl‘)b
7.2 Vein l';erl chemistry of
7.3 Isotope “tquPS (c.T. $5)
7.4 Model building
8. Computerization
8.1 Selectica of computers
8.2 Computerized mineral data syste
9. Training
9.1 bBasia JERNORES
9.2 Geochemisis: geophysics
9.2 Map producelon
9.4 Explocacion zchniques
9.5 Graduate scholarships
9.5.1 Thesis p:o; cctsy Ore

Morocco



MEMORANDUHM

TO : Harold A. Le Sieur, P.EC.
FROM : R. G. Coleman, U.S.G.S.

SUBJECT: Bou Azzer Cobalt District

During tha period January 30 to February 4, I acconmnoanied a
specizl Taan hRrousht together ln order to evaluate the futura
potential Ior co! ' xgl~¢tat1un in Mor~=~cc. The basis for oy
evaluation is Of a seriles oI priefings on the geol
mining methods In the discrict. In addition, we node a
goelogic traverses over the important geologic sections.
this was done under the expert guidance of Plerre Boulla

Mining Geaolc OHA .

[

ce 4 (= he oy
Wi L e B

Your Coduenl U0 Gquoonbany tne gIoudp was based on tiae faco toan 1
S :

had experiliconce wilin ophiolite pfoblems and that chis O
value 1n Cegards Lo Hou AzZuer ecasle Lt L now oonai L Do
a disonopt ; ophiolite st fLohufu«:L; . Thorefc: crAarks
will b= ;Jﬁflﬁéﬂ to the area of my cunnrnice,

The recently published works of Dr. Mare Le Blanc form tne hasis
)
! r

ftor the curcoent geologiz think:ng in the avrea. The Dou hzoer
1+ Aer~es - i S T U O
cobalt degosite are clituated along the poundaries

serpencinlzed porlodotloe sut noo 1o 1o, Wherever
this contaen the serpeacinite was zheared and high
Nownere did ' ; :
tectonica
rocks whi”r
did we sods
undistunoe
Bou 2au:

W

.
major Lo CnLs major taeghonLe
featul LU mad Deasn remobillzaed

many times : oles & G iric axis along whis antiforcal
struct ’ periodod : arated
frem basal position within the
underc periods of delformevion and 34
(mina The copalt weneraiization Ls scomehow rolabed
to this ana tecionic wovement. The prosent nodel of

Le Blanc

Y

X,

s

ne Y othe Amded Poranation represent a weachersd rind
that nas Later heen monbhllized into ore was not substantlated by
- | S ey e b g e \ - TN e - -y e ] “ A
our geoclogic obdservations. Thercriore, we suggese chat acditional
-

]
-

cpoio: rarcn be carcried out on the genesls of Lhls ure
district. Tnis could be dorz by supporting modest research by
gpadua'c students from the (.5. in collaboracion with the local
geologist:

1'\

)
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-
W
Y
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GEOLOGIC REPORT AND RECOMMENDATICNS FOR THI COBALT MISSION TO MOROCCO
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Report prepared under the ausoices of the Trade and Development Program
and the Covernmeng of 3 c

natvy and how non
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0 reviewso rov conformity wich U. S,
Geolngical Survuy edizari:l seandards.



GEOLOGIC REPORT AND RECOMMENDATIONS FOR THE COBALT MISSION TO MOROCCO
SFONSORED BY
THE TRADE AND DEVELOPMENT PROGRAM
OF THE INTERNATIONAL DEVELOPMENT COOPERATION AGENCY
Bv

M. P. Foose and D. L. Rossaan
U.S. Geological Survey

The project report series presents information resulting from
various kinds of sclentific, technical, or administrative studies.
Reports may be preliminary in scope, provide interim results In
advance of publication, or mav be final documents.
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GEOLOGIC KEPORT AND RECOMMENLATIONS FOR THE CuBALY “[LsS1ON TO MORGCIY
SPONSHORED DY
THT TAADT AND JEVELOPHMENT PROUGRAN
OF THE INTERNATIONAL DEVELOPMENT COOPERATION AGENCY
oy
M. P. Foose
and
D. L. Rossman
U.S. Geonlogical Survey
ABSTRACT
A mission sponsocred by the Trade and Development Program (TDP) of the
International Development Cooperatlon Aqency (IDCA) went to Murocco to evaluate
the possibility of finding additional sources of cobalc ia that country, as well
as other types of mineralization. Information qbcained during this trip snows
“Ynrocco to be a countrv for which much zeologic information 1s available and in
which there are many favorable taruet areas for future exploration,

Work in the Bou Azzer discrict (Uorocco's principal cobalt district) shows
that much excellent geoloazic work has been done in searcning for additional deposics.
However, a number of useful anproaches to locate conhait have ant been tried, and
their use might be successful, The potenctal for undiscovered deposits in the Bou
Azzer region seenms very high.

The cobalt mineralization in the Siroua uplift is different from that in the
Bou Azzer districc. However, vecloric similarities between fhe Uwo dreas suigjest
that a venetic link mav exist becween the two Zvpes of mineralication. This further
indicates that cobale deposits of the Hou Aozer types mizght be present in the
Siroua region.

Examination of the Bleida copper mine shows it to be a well-exposed volcanic-
huo. .d strarabound copper deposit. Laree unexplored areas containing similar

rocks occur near this deposit and mav contaln as yet undiscovered copper minerai-

ization.



NTRQDUCT & o
The major objecrive of the TDP Cobalt Mission to Morocco was to avaluate
the possibility of locating additional sources of cobalt within Morocco. A

localicies that contairc potentially iaportant

O
n
o)
(523
Ia]

second geal was cto identify
types of minzralization, wich emphasis on locating deposits oI strategic com-
modities. The ultimate objective was to seek information that aight encourage
joint venturas on mineral deposits between Morocco and the U.S. private

ector.

“

To this end, the TOP - sponsored team to Morocco was involvad in 2
days of meciings in Rabat and § days of meetings and field work in orocco's
major cobult district, Bou Azzer. The work near 3eu Azzer also included a
one day visit to the nearby 3leida copper deposit. After the work at J3ou
Avzer, tne U.S. Geologilca' Survev zmeuabers of the TDP tean separataed from
ne other team members and examined adliitional cobalr prospects in the
Slroua uplifo, near the areas of Iferzhane and Inki, and the langanese
deposit at Imind ({12, ). The TOP ceam was then reunited for 2 days of
concluding discussiong «ich Moraccan officials in Rabart,

This repovt summarizes che activicies and  conclusinns ot the U.S, Geological
Survey's members of the TOP mission. The report is in four parts. The first
semnartizes accivities and conclusicns derived fron che Rabar neetings

CJinuary 28-09) 1952), rthe second sunnarizes work and recommendartions based on

0 cobale Jdistirice, the third presents our evaluation

Sield owvork ln othe Bou i
or the Bleida conper districo, aad the fourth {s aur evaluation of the

tizrghane and Takl c2shalr sccurrances. HQacause of {nclement weather and

“he absence of adequate English translations, little laformation was obtained
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Figure 1.

Index map of areas visited showing Morocco (right diagonals), the

Anti-Atlas Mountains (stippled),

uplifts (black).

and the Bou Azzer and Siroua



che Inki manganese aine, and fhus Ao sumnary

15 siven ror taat deposic,

\spendix 1 chronologicully :1ists our activiziss,

RABAT MEETINGS
Sunmary

Meetings with the Bureau de Recherches et de Participations Minieres (BRP)
Coraseo's major miaing company) and Morncaan Geological Sucvey clearly indicate
that Morocco has a well developed aporeciavtion ror tiue need ot svstematic
mineral exploration and for the evaluation and development of mineral prospects.
Thev are now carrying out a aumber of excalient mineral-resource-related
studies.

The following lists some of ‘forncco's major zeonlogical projcams and
accomplishments and some areas in which theyv plan future wori:

1. Fifty to sixty percent of the northern provinces of

Yorocco are mapped at a scale of [:200,000;

2. Parts of the Rif area (northern Moraccon) are napned

at a scale of 1:50,000;

3. The central part of the country is beinz napped at a scale of

1:100.,000;

4. Gravity survevys have been completed at a scale of 1:500,000 except

in sedimentary basins where more detailed surveys have been nade.

5. A metallowenic map has been complated (1:500,000 scale ) and

represents a compilation of geolosic, tectonic, and 1ineralogic data

that was compilad at a scale ot L [an,000,

f. A national scream sedimeny sampling prozram is to he sutarced,

7. BRPM has bheen active in identifyinz and evaluating nineral prospects.,

t



As a resgulr PR 58@88ey a large number of documents detalling geologic

< g

and ocher data on a wide variety of aineras deyp

(@)
[47]

los.  An exanple i3

given in Appendix 2 (Report prepared by 3RPM, attached as Appendix 2)

which outlines mineral projects regarded as worthy of cooperative ventures.
A more detallad prospectus 1s available from BRPM for each of the listed
projects.

8. In addftion, BRPM has i{dentified a larze number of other mineralized
areas that contain a variecty of commodities including rare earth elements,
iead, zinc, precious metals, and copper. BRPM is particularlv enthusiastic
about copper deposits in the Alous area where at least 1,800,000 toas of
ore with 1.0 percent copper and with 15 gr/ton Az has heen proven to

exist in rhyolice (volcanic rock), largelv as chalcocite w<ith lesser

i

chalcopvrite, bornite, and pyrite. Other copper deoposits =xisc in the

Alous area with at least 3,000,000 rons of ore concaining 1.5 parcent
copper and 5% gr/ton Ag.
9. Although agzressively working on geologic problens, the Moroccan Geological
Survey has omphasized the desire, during our meetings, for assistance.
Areas in which zhev would like assistance include:
a. Remote sensing techniques;
b, Mineral depostit detaection methods;
c. Training ia sedimentology, petroleum geology, and in
zeophysical prospecring;
d. Isotopic datinm prodlems;
e. Development of less expensive map preparation
and printing techniques: and
f. Ald in selecting computers and devalopment
of a computerized mineral data syscem,

4
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The above clearly inlicates that gecinogtic worit in Moroeeo

considerable maturitv. This 1s important because it rurcher shows

that the Moroccane apprectate the iuforamation essentlal for developlng
effective exploration programs. Parcicularly lmpressive is the metal-
logeaic map and supporting data filles which will be {mmensely useful in
identifying favorable regions for mineral explovation.

Recommendations

Review of the above geologic information leads us to the following
conclusions:

1. Morocco possesses numerous ldentified exploration targets

and many virtually unexplored areas. Basic geologlc data for much

of this area is adequate to select speciflic exploratlon targets.

In additlion, the Moroccun Government is anxious to foster tles with

foreign companies. Thus, Morocco reprasents a favorable area ror

considerarion for new exploration for economic mineral deposits,

2. Although geologically advanced in many areas, the !Moroccan Geological
Survey deslres assistance (ltem 9, above). llany of these problems are
areas in which the U.S, Geological Survey can be ot help. It is
recommended thact TDP explore the development of a cooperation program with
the USCGS, EHowever, it should also be ncred cthat assistance in some

areas may also he given by onrivate companies that have expertise in sedi-
mentology, remote sensing, cartographic processing, reglonal exploration,

<

and computer systems, Thusg, boch the U,S, goverame.t and 7.5, private

—
ct

sector may be able to help Morocco increase its greologic capabllicles,

i

S



further indicated that short--term tralning of Moroccan geologists by
the USGS would be of great heip (a2 developlng thelr expertise in ex—

ploration research and map productlon.

BOU AZZER COBALT DEPOSITS
From January 30 to February 5, 1982, geologic activities focussed
on the cobalt denosits in the Bou Azzer area. Work Iincluded briefings
ou the regional geology, seologic field traverses, and underground examination
of deposits. These activities were carried cut to evaluate the potential
for finding additcional cobalt in the Bou Azzer district.
An assesszment of Bou Azzer's future cobalt potentlal hinges largely on:
l. The adequacy of geologic information and the attendant understanding
of the geologic setting of the ore deposits; and
2 The techniques used in mineral exploracion.
For this vreason, these two points are evaluated separately below,
Figure 2 zhows some of the geonlogic and geographical features of the Bou

Azzer district.

Geologlic setting of the Bou Azzer mineralization

The geology and genesls of mlneral deposits In the Bou Azzer area are
complex and controversial toplecs that have been the subject of numerous lengthy
works {(for example: Gaudertfroy, 1953; Goloubinow, 1956; Jouravsky et al, 1960;
Clavel and Leblanc, 1969; Technoexport, 1969-1971; Routhler et al, 1970;
Leblane, 1969, 1973a, 1973b, 1981; Choubert et al 1574; Michard, 1976; Choubert
and Faure-Mauvect, 197%; Clauer and Leblanc, 1977; Besson and Picot, 1978;

Vinogradova et al, i%80; Leblanc and 31llaud, 1982). These studies and

our observations identify the following luportant geologic features.



HENERALIZED SETTING OF THE BOU AZIER UPLIYT

/‘Z Outline of tha Bou Azzer .
%/‘ uplift ’ Vs
J!W'Q

£xpasures oV serpantine ' ’ J

Figure 2, Generalized setting of th» Bou Azzer uplift, Proterozoic
rocks of the Bou Azzer uplift (lefr diagonals) contain

serpentines that are part of the ophiolite (black), and

are surrounded by younger cover rocks (blank).



The Bnu Azzer district Lies on 2he border betveen the norsa el of the
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of the Pan-African orogenic belt (680-380 “a).  The mineralizatinn in this
district is associated with a dismembered, fragment ol Precaunsrian ocean

crust (an opainiite). More speciticallv, cobalt is associated witn serpentine
that probably once was the lower part ob a coherent succession of rocks

that from botton to top were tectonized peridotite, uwitramafic cumulace,
zabbro, diabase, and volcanics. This succussion of rocits was emplaced

on an old continental narzin about A3 million vears ago during the major
Pan-African orogenic event (3-1 deformation)., sSubsequently, 1t was overlaio
by a 1500 m thick detrital deposit (the Tiddiline Formation) arter which horst
blocks of the ophiolite were evxposed to ¢rosion and weathering, det>rmed by
the last Pan-African eveat (0Hl13-330 Ma; 3-) detoarmation), covered oy a thice
sequence of vol:anics and sedinents, and ajain suhjectad o slizht folding

and faulting (Hercynian deformation). In recent times the area has undernone
ranid uplifc aleny a roughly east trending axis that produced the 3ou

Azzer uplift or “boutonniere”, ian which the 20u Azzer nining district is

now exposed.

An important result of this complex history is that the more plastic,
serpentine-rich parts of the ophiolite have moved into contact with a wide
variety of other rocks. The Bou Azzer opniolite has thus been disnenpered
and is now similar to tectonized ophiolites found throushout the world.
However, the extensive alteration of the serpentine at Bou Azzer, which has
resulved in the destruction of virtually all priwmarv structural teacures
{n the serpentine, '3 not so comnon, and marks the Bou Azzer ared as an

unusually complicated and altered ophiolite complex.
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ALl rhe 60 ov so <nownm cobalt deposics ian the Bou Azzer district are in

{s almest neveyr sichln serpencvine; instead it is in a distinctive silica-
carbonata jangue that 1g aloug the serpentine contact or within rocks

e the serpentine has nmoved

w

immediatelv =zdjaccar to the secrpentine. 3ecau
into contact with a varlety of rocks, mineralizatlon can thus be found

within rocks that are older, the same age, or vounger than the opulolite.

On a reciondal scane, serpencliaes are cxposed at tas western end of
S 9 b F
the Bou Azzer upilfzed bloek., It is, thevefore, in this reglon that most

of the cobalt depesits have bean found. Farther to the east, the serpentines
are mostly covared by younger rccks. Although some buried deposics (for
example the Tandrost deposft) have been located in this avea, much of this

{s not well explored and may contalin additional and undiscovered

covered area

deposits.
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The cobalt deposits have a wide variety of shapes and sizes. Most
economic deposits contain several hundred thousdand tons of ore containing
1.2 percent cobalt, 0.15 percent nlckel, and 4.7 percent arsenic; of the
larger deposits, only two have produced over one million tous of ore.
Shapes of deposits range from lodes concentrated within crosscutzing
faults, to small veins, to rare low-grade pockets that are locallized along and
conformable with the serpentine contact. Deposits seldom exceed 20 m in
thickness. Virtually 2ll economic conentrations of cobalt and assoclated

gangue have been mobilized into crosscutting B-2 and Hercyuian fault

structuredg.



The mineralogy of the deposits is comple. and vacied. Most of the
mineralization is in Co-Fe-Ui arsenides of which skutterudite, safflorice,
rammelsberglite, loellingite, gersdoriite, and arsenopyrite are the most
abundanc. Minor amounts of chalcopyite, bornite, chalcocite, and molybdenite
are also present. Eryrtherine {s a comion supergene alteration mineral,

The gangue 1s mostly quartz and calcite, but Mn-Fe dolomite, talc, maznesian

chlorites, and serpentine minerals are locally present,

The silica-carhonate rangue that hosts the cobalt mineralization
represents an lmportant and poorly understood aspect of these deposits.
This rock is made up of at least two lithic tvpes, The first is a layered
series of carbonates and jasper; the sccond 15 massive and in places coarsely
zrvstalline calcite and dolomite that commonly contains blocks or inclusions

of the lavared series, Both tvpes occur in veins witihia a wide variety of

rocks, ilowever, thev are nineralized osnly where they 1re near serpentine.

further, the important cobalt-arsenic mineraliization is almost all within
the coarsely crvstalline carbonate phase of the rock, althouzh minor amounts
of uneconomnlc sulfide mineralization mav occur within parts of the lavered
rock,

Evaluation of existing geologic data and interpretations

There is a large volume of weolozlc Intformacion on cthe Bou Azzer region
and the baslc neologic reletioaships are well known., I[n addition to rhe
Q

excellent woc bv CTT meologists (CTT Ls the company that oaperaces the Bou

Azzer deposits), cthe area has recelved extensive study by a variety of



French geclogists and by a team of Soviet sclentistg (Technoexport). Geologle

b

mapping 1s generally good and the featuras assoclated with mineralization

are well established, Thus, further routine field exanination in this

area 1s probably not warvanted.

The adegquacy of the geOLog{c faterprecation of these relacionships,
nowever, {5 loss clear. Despite the extensive sctudy, i€ is our opinion
thaf the origin of the cobalt deposits is still uncertain. Two genetic
interpretations have baen stressed In the past. Traditionally, these
deposits have been considered to be of hydrotrerzal origin developed by
alceration of the serpentine during the B-2 and/or Hercvnlan deformatfons
'

(Jouravsky, 1957; Frutov, 1970Q; Garcia, 1979). More recently, Leblanc

(1931) has related the mineralization and Its gangue to a weathering and
depositional event that prececded the 8-2 deformation, He postulates that
the host for the minerallzation foramed as subarcal sedinentary deposits
laid down on serpentine and that later diagenesis and meteovic alteration
anriched these rocks in cobalt. This {nterprecation, thus, asserts that

the deposits thus were stratabound concentrations developed on top of

4
L

ater deformation. These

Fall
T,

sarpentine and were then raconcentrated by
contrasting interpiretations are lmpovrtant as they may determine the most

active mechod for locating additional cobalt. For example, the first

N

af:
hypo .nesis may indicate that mineralization is localized in small areas of
hydrothermal altaration, whersas Leblanc's hypothesis may {ndicatz that

the minerals may have formed aleng a widespread weathering surface.

10
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During the rfew days or tield work within the Bou Azzer discrict, we were
unable to substantiate Leblanc's hypothesis that the silica-carbonate rock
and the cobalt ores were wzeneticallv tied to a weathering event., Our
tentative feeling is that the hust rocks for the ores probably formed as
an alteratinon rin on serpentine as a result of movement of aither

hvdrothermal or meteoric fluids, that this alteration process was

fazilitated by che raopzated deformations to which che serpeatine has

v
M r

1

hean subjected, and that faults which car the sernentine nrovided
ravorable sites iato which these hydrothermal solutions could depisit
cobalt, Additional movements along these faults acted to remobilize

and further conncentrate much of this mineralization.

v
s
o
b

v, however, the orizin of the c~hale lenosits is still not

e

vesolved and is a central problen in developing effuctive regional zuides

ior loecating additional deposics., Without a clear understanding of cthe

origin of the cobalt deposits, a basi:aily sonnd exploration program to

Zind more cobalr will not he »sossinle,

The rollowing are some of the xiads of additisnal hasic work needed to
understand these deposits,

o Study of lignht stable isotopes may decermine the source of
the flufds which deposited che minerals;

o Fluld-inclusion studies could determine the temperature of ore
depositicn;

o Hadimmetric dacing could determine the age of awneralization: and

o Systemacic study of the chemical and mfneraloygic zonlng of the

mineralized veins may determine the history of ore deposition.

Ll
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In addition to developing a more clearly focussed progran for cobalr
explorition, the study of the temperature of ore deposition, chenistry
of nineralization, and origin of mineralizing fluids mipght reveal systematic
patterns of mineralization within the Bou Azzer district which could
elther derine the limits of ore deposit formatlion or show where mineralization

may occur in areas that have not yet been examlned.

tvaluation of the adeguacy of exploration in the Bou szzer area

Exploration for cobal: in the Bou Azzer rezion has been incensive. In

addition to the work done by CTT, a l-vear srodran sponsored by the Soviet

Union extensivelv sampled and drilled much of the westera part of this

district (Technoexporrs, 1969-1971)., Explorati{on has mostly used a cdmbination

of geological, geophysical, and geochemical methods. The approach that

has been used is to first locate the favorable serpentine contact zone

by elther zeclogiz mapning or aeromagnecic survevs (serpertine shows a

good aerowagnetic anomaly). Faults wera then identified b either mapping,

aervomagnecic patterns, or other geophvsical survevs. Mineralization was

located by geochemical rock sampling, electrical anoaalies, and by drilling.
The exposed parts of the serpentine have heen extensively explored.

Thus chances for finding additional large, near-surface ore deposits

have been considerably reduced. However, it is {mportant to note that

veins assoclatad with economic denosits are commonly very small (generally

less than | @ thick) and mav be easily aissed., Thus, the use

of someé new exploracion techniques may locace deposits in alreadv prospected

areas. turther considerable potential exists for finding deposits in areas

12
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where serpentine 1s nod Sovarel Dy oLansar TLeds.
We believe that use of cthe followiliy cechniques may help identify
cobalt deposits:
. Geochemical stream-sediment sampling. Sampling of this tvpe Is
the cornerstone of much of the exploration carried out by private
U.S. companies and most of the lind assessment proyrans conducted
by the United States Government. It has repeatedly been shown
to be an c¢ffective exploration tool in arid climates where there
has not bean much eolian fransport. It has been repeatedly and
successfully used in parts of Arizona and New lMexico where the
climate, phvsiography, sotil cover, drainage, and pgeology is simllar
to conditions found ar Bou Az:zer, Sampling or tols tvpe has not been
done in the Bou Azzer area, =ven though such sampling is superior to
the rock geochemistry method that has desn used in this region in
its abtlity to detect mineraltzicion ovar large areas. Further, the

ic sites bhwv decreasing

ri

method can be adapted £y locaerte spect
the size of drainage areas from <hLch sampics are taken,

nomany cases, it omay zlso deteco buaried deposits where faults

[

and veins have allowed water to leak up to the suriace.

e lv identify chemical

Systematic sampling of s

anomalics whnich aerit furthes evaluation., Suapies should be analyzed

for 2 lavge aumboer of olomeals, o de i0Ts ars 6 ien Locatadg oy
“ . .

- Zy 0 - . iy e e g G oea o ea e R S, S O W
p.sth;;‘;\-;-:’l g¢luements and not L RN i.': AL el NG B WY Lag
¥ o X oy ;. LT 4 . P gt R
3, ovi, MOl Jdaitionac.y, g aea sy-wtneral

deposit {for example: g

fraction of the sample should be wexamlned for "fadicator” minerals
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As an exanple, 1ezactivation of faults
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Afger a heavy rain, toese fractured

- '

an farrvared photolrapns.
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ess Lo fiadine deposits. On the images
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seologic mapning studics ave not needed in this area,

Mineralization “n che Bou Azzer area is asaociaced with serpentines that
probably ars part of a dlsmembered ophiollte. The complex geologic history
ls chis ares has resuited fn alteration of this dismembered opniolite so

now v

LL\lllLv

v iqua,

This 1n tugn

cobalt miceralicanion at bdou Azzer f¢ probably unigue. Thus, muca

of the {nformarnion learnea rrom other cobalt deposits maay not directly
apply to cnis craa, ’

“he economic mineralizatlioa L3 associated wich serpentine, {s in a

; s
filca~carnonate

3

are

The memiler of dre depg
undarscanding of

composirciong, and veln chien
relacionshlps satweon niae
relarionshiy of sineralizad
as revealing how the deposi
effectively diroos oxnioras!

The carbonanar-siiica

how these deposits

deposits.  Iis

formea

-

Co

s concentrated in faults, At present, these

Finding ore

N oLs nof wall underscoed, Untll there Is a better
, exploraticn for these deposits will

roecearch on fluid incioslons, vela lsotoplc

Lsory may 2now regional patterss of mineralilzacion,

O s

e ey 1o
DL

Llzarion and the fauln assructures, and the

wn to e silica~carbonate host, as well
= formed, These data, {n tuwrn, could more

1

wards arher targecs.

Lo

[io]

associated wich rhe serpenrtiae Is host to
srizin is clearly central to understanding

and where other depoalrs can be found,

—
(o33


http:minA.'..ar

Ve werae unable to substantiate " hlanc's hypothesiz o that this rock
formed as a subaerial deposit laid down on serpentine, Instead we
feel it probably formad as an alteration prodact on the edges ot
repeatedly mobilized lenses of serpentine.

Good potuntial exists Yor addinional cobalt deposits, Because of
previous cuteasive arasprioing, the hest chance for finding mineraliza-

tion is 1n arcas ~ovared by vounger rocks. Gowaver, az. euploration

techniques mayv locate deposits in dreds that have been sreviously cuploured.

Exploration in the Bou Azver repion has ot ubilized aay of the methods

~

ihat uften are succcssful in finding miaecvzilzation, Sxploration

by stream-sediment geochemi-Lry, airborne geophysical surveys, scudy 2t

vyagatation patierns, and alrborne remote sonsing Dy Do extrenely

: et

useful in rhis ares.  The ase of mailurly snifiors and arsenic sniftfing

dous may Dhe sSthe” addicional ex, Laratisn cooveache s, 3ecause nf the
gmall size of the deposins compaiad Fn tie roatbive iy olarge siZe of th

area resolved by osatellite L qery, wandsac laager

little usa in rinding ore denoslts.
The hest rargats Lov adlirional cobalt will pcobably be in covered

avreas where zeophysical Jdata 5504 sorpentine to ha presend at depth,

whers peochemistry shows Ao anemaly to be present i “pathfinder”
type elements, nad whore fanlos are stoun by hoth geophyoics and
Femote sensiny tochniques. A eourse doiliiag will be aegcessary to
confiry rme ewistenns of ainerat deposiis,

Bunlovation ¢osls wilil probably Tise considorably over the next few

sophist loaced wxplorating rechnlaguas.,

vears ao {n <11l srohably he accossary Loouse {qerrasingly expensive and
; 3L i



On Fehruary 4, 1982 & geologic visit was made to the Bleida copper

Gepostit., Both underground and surface 2xposures were examnined. The

b

ollowing summarizes our observatlons end couclusions as well as syntheslzes

some of the iaformacion presented on this deposit by Leblanc and Billaud (1978).

The 3leils denosit ccnsists of two majer ore bodies. They are both
located uear th: contact Setwean uandarlylng velcanlc rocks and overlying
sedimencary rocks. The volcanics are mostly a nixed sequence of felsic
and mafle rocks. Towzrd the top of the volcanle plle are a number of.
“acvuginous quartzice lavers that contaln gome bavite, These layers are
directlv assoclaved wicn cooper mlnerals and probably are exhalite

fayers uracioltacad from nearsy vollanio venls. The sedinencary sequence

vs s omostly greywacke and silustone, and minor

volesvle iatevlavery,

The richest mineralizavéon Ls concentrated in faults 1nto which

rhe minerals have been wmobilizeod. Awav from these faulcs, the deposits are
Viearly scracabound, chat ts, tne mineralizatlon is conformable wlth the

Bileida is cleariv a volcano-sedimentary copper deposit. The features that
are ciagnostic of chls deposit are lts 1) occurrence in a series of

felsic and mafic volcanles, 20 assoclatlion with sediments that probably

aere depoasiteod as nated layers (lavers rich inm silice or
barius), 3) assoclation with hydrothervally altersd aluminum-rich rock

N\

lavers (andalusite and covdlerite schiste), and 4) a chalcopyrite—-pyrite

ainavalogy (ao zine or lead). These features 2re also found in many



sher vslouno-sedimeatary copper deposits elsesiicre in the world,
An important characteristic of these deposits is chat many occuc at 4
woll defined stratigraphic horizon alsng which several zowes of mineralization
are present. Leblanc's 1981 revional map shows several ocher areas of

copper minaralizatinn rhat appavently lie in the same stratigraphic zone

4s the Blelda deposit, but we have unot determinced the extent of exploration

We fewsl that the above geologic information i{ndicated that excellent
potential exists for additional undiscovered copper mineralization In the
Bloida region., Such deposits ara often easily found by airborne magnetic
and eleccroanagnetic survevs. CTT is apparently planning such surveys. Clearly
rhis area has much further potential and, 1f CCT is Iinterested in partnerships
would represeat an area where U.S. private concerns may wish to become
active,

STROUA REGLON C8ALT DCCURRENCES
The Siroua uplift Is located appro<imnately 109 km west of Bou Azzer.

This region shares a nuaber of zeologic similaricies with the Bou Azzer

tred, including the existence of some sarpontine bodles that are beliewved
ta be part of a Precambrian ophiolice, This uplift s thus considered
to he an extension of the belr of roows uxposed in the Bou izzer uplifc.

4

In addition to hoaving geology that Us similar to the Bow Azzer veglon, th
Stroua arca also coatalas some cobalt aineralizacion., After the deposits of

showings of cobalt represeny Lne @oso Laportant cobalt prospe

T S B PN
went eaniniey cobale-bearing

<

vains within thoe Siroua

¥
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Lrecanany

Saveral cobalt—-bearing velns crop out norcheast of the town of Taliouine
(south Morocco Lambert map coordinates X = 270.4, Y = 403,35) and about 2 Kkm
south of the small village ot Iferghane. Of the several cobalt localities
in this area, onlv one was exanined in detail.

A carbonate vein, emplaced within a north-trendinz normal fault, cuts
hizghly deformed und metamorphosed cediments of the Imerltech formation and a
disrite which incrudes and encloses 5locks of that formatiom. The veln is
only a faew centimeters wide and shows visihie mineralization over a vertical

distance of 30 m, mostly skutterudite, safflorite, arsenopyrite, pyrite,

n

and chalcopyrite with traces of galena. This veln has been explored by
small underzround workings ac 5 levels.

The cohalr minerallzation at Iferghane is similar in age and mineralogy
(predominantly arsenides) and general setting (it is located near the axis
of a large block uplift) to the mineralization ac 3ou Azzer., However, it
differs markedlv from tha Bou Azzer deposits in rthat sernentine i1s not

associated with the veln,

The Taki prospect on the east edge of the Siroua uplifr (X = 295.5,
Y = 419,7; Lambert south ‘orocco coordinates is another cobalt locality.
Unlike the [ferghane deposit, for whicn little {nforaatinn s available,
rhis eccurcence has been the subjnct of extensive stady by weans ot

Il

seonchine, tunvelling, and ceochenicnl s

wling.  weperts detatliag

o rasults of thes worr are on fila at the BReU Siticn 1o Aabat,

The veln occurs in a aorth trendiag faulc which cuts a serlfes of meta-

20



sandstones and silestones of the 1oty Procamartan (1241000 Fornation.  Also
present is a younger series of dlorite Zikes which cut both the fault and

the metasediments and which appears to he spatially associated with the
mineralization, 1is mostly cobalt~becring arsencpyvrice, pyvrite, and chalcopyrite.
The vein is expnsed over approximately 300 m and Is comwmonly from | to

Jom othick,.

summary and conclusions

The cobalt veins exposed at Iferghane and Laki are probably
not of economic interest, Howaver, <o feel that thev {ndicate that
additional cobalt mineralization may exist in the Sirous area. These
nrospects are in a gaologic block that probably is an extension of the
rocks exposed at Bou Azzer.

Although the geology of the cobalt veins at I[fecghane and faxki s very
different than that assocliated with the Bou Azzer deposits, some similarities
between the two areas are pra2sent and mav suggest that the two tvves of
mineralization are related. At Iferahane, the host {>r the mineralization

A carbonate veln that apgears to be {dentical o fie alneralized veins at 3ou

———
Us

Azzer: af [aki, the cobalt mineralicavion {o associated «ich Wigh concentrations
of Cu, N1, and Mo, a zeochemical associazion that 1s also preseat at Bou Azzer.,
[f a geneti.: link between the Bou Aczer and Sirouna miuneralization exiscs

(for example, the siroua veins may represent Bou Azzer deposii: that have

heen remobllized by later diahasic incrasions), rhen the serpentine bodies

known Un exist ia the Siroua Region may be associnted with econonic depocits
of the Bou Araer tyoe,

The minerai potential of the Siroua area is poorly wnown, hut we feel it

1s a favorable area for additlonal cobalt minervalization as well as for



deposlts of other metals. We suggest that regiovnal geochemical stream
sediment studles be carried ouu to locate target arezs worthy of more

detalled studies. We view the Siroua avea as a good region for further
exploraticn and a reglion in which U.S. exploration companles might wish

to bacome actlive.
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Precambriennes et

Totas et

o W

Memcires,

gites arsenides de cotalt

80, 30€ pc.

<
N

(3ou Azzer, Maroc): lotes et Hemories,

Leplznd, M., and Billaud, ¥., 1578, A volcano-sciizentary copper deposit on
a coptinental Targin of Up» er-Proterczoic age: Bleida [Anti-Atlas,
Moroceo): Secnomic Seclogy, V. T3, P L1C1-1231

p. 1982, cotalt arsenide or: bodles related to

Leblanc, M. and Billaud, .

an upper »proterowcic ophiolie:

in press

3ou Azzer (Morocco):

Econonmic Geology,
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tozingt ) No%es of Momsiras 4
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de Bou Azzeyr (Maroc) sont portes-par un niveau sedimentoire Precamorien:

Paris vol. 270, series D,

TP A e " : - :
Technoexport {(1959-1971), Recherches geologiques sur le giserent de cobalt

» - . - 3 T Ny A
APLOry mine de Zou Azze

28]

3 T oyl Y4 o L T R PR A S S RN Vi \
de la region 22 Zou Azzer (Anti-Atlas, Maroc
‘ANt ) B R A N

l\ s e fla

Ty o s I ho) 3 PPN 2 w .y Ve A o vrs
-ravovi, ©., Bochek, L., Garanin, V., Zremin, W., Hudvvartzevz,

it Azzer Region of Morocco: Moscow University Geclogy 3Bulletin,

ve 35, no. 6, p. 69-77T.
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Summary of U.S5.G.S. act vitias 1n YMorocco

1-27-82 Meetings in Rabat with U.S. Embassy and staff of BRPM
1-23-82 “Meotings In Rabat with staff of BRPM, the Moroccan geological

survey, and the Dirccror General of BRPM.

L=20-32 In translc to Bou Aczuer
1-30-82 Arrive at Bou Azzer. Meet with C.T.T. geologicts and receive

briefing on the geology of the Bou Azzer deposits.

1-31-82 Examined geologic relationships at Juposits Ahmbed 1, Ahmbed 2,
and ahmbed 3.

2-1-82 Traverse the Bou Azzer ophlolite complex at Ait Ahwmane. Examine
cobalt deposits vein 58 and vein 53E {n the Alt Ahmane aroia.
Collect represencative samples through the ophiolite and at these
two ore deposits. Traverse ehrough parts of the volcanon-sodinentary
sequence that overlies the ophiolite to the north of Alt Ahmane.

Li-2-82 Underground and surface examination of peology and aineraiization
at the veln 61 deposlc. FRossman cxamined area adjaceat to Bou
Azzer east deposit; Foose examlnoed workings and geologic relation=
ships at che Ahmbed 3 depostirt.

;

2-3-52 Taderground and surface pceantnation of the geology and mineralization

of the Tamdrost Jdeposit. Surfsce examinntion of volcano-sedlmentary

b’
i
-
-
T
’

rocks near

v
~
wn
-~
o
i)

Undevpground and sacface oxaminatlon or rhe Blelda coppoy dof o

at the east edge of the Bou Azzer uplift.



2-5-82 Stream sedimenc siaapling over a1 vm? area which includes areas
both known to be mineraifzed and to be barran. Samples collected
to be analyzed by the U.S. Geological Survey nnd are meant to
d nonstrate the usefulness of stream sediment sampling in a
regional exploration program in the Bou Azzer area. Preparatlion
of report on geovlogic findings.

2-6-82 Preparation of reports plus soclal gathering with C.T.T. company
officials at Bleida.

2~7~-82 ¥icld an underzround examlnation of the Iferghane cobalt occrtrrence
within the southera part of the Siroua uplifted block.

2-8-82 Fleld examinatisn on the Inki cobalt occurrence within the eastern
part of tne Siroua uplifted block.,

2-9-82 Visit to the Iminl manga~cse mine. Fxamine some ore processing
facilitics and sone surface rock exnosures. In translit Lo Rabat.

2-10-82 In transit t»o Rahar., Arrive {n Rahat and unload samples and
equipnent.

2-11-32 Pack and mail rock saaples. Met with U.S. Embassy officials
and with members of B.R.P.M. to report findings.

2~12-82 Meeting with Director General of B.R.P.M. Final meetings with
members of U.S. Embassy.

2-13-82 Left Rabat travel via Parls to U.S.

1-2
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st 1o Darticinations Minieres, mining projects
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under consideration (uncdited summary listing orf »nrojects which BRPH
& '

would like outside assistance in developing).
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I, MINERAL PROSPECTIZ OF THE KINCOOM OF MARCLCO

The kingdom of Morocco uonsidering its vast Territory

carries exceilent chinces of producing cconomie mineval deposits,

The chances are further enhaonced by the varied peologic

>
»

Sta:ting {rcom the south towards Nerth, Meorocco forms a
part of the west
affected by many suvccessive Pre-Cambrian Crougenie act:vities,

These cropenic movements were taken over by the Caledenian

orogeny whnich has left very Zow oxposures,

The next, the Hoercynian fermations are widely distributed

in Morocceo.

s and

Y

A pre-alpine orousenic ovent save rise to the High Atl
the Middle Atlee Ranges.

The nerthern part of Morocce onds up with the Alpine
Crogeny.

- Poiuvinution

Geochronologic studies have demonstrated many rejuvenations
perticularly in the Precambrian areas. These rejuvenating processes indicate
reactivation producing remobilization of metallic elements.

R A

(AN
]
w

african Shicld followed oy the Anti-~tlas zone which has been
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[N A NI R W - P e
Project ticle : TIZEAT
Administrazive province @ aGADIR

Cbject & degcripticn of the nrojcet

The implementotion of the project will allow the developaunt

of a cupper - cilver depesit., The totzl raserves azcunt to higher than 3

million tons with the ollewin Jrades

under a first phasc only the ccenomically exploitatle reserves couid be ceve-
lorred at a yearly c2pacity of §4 COC teons allcwing the recevery of abecut
iclding 40 % of ceppercad 90 3/T of silv

LOOC tons  of teencenrratud metral oy

e 73,310 COC DH

- Governtient budget

- Lank locans,

Pocsibilitics ¢f association : to be defined with B,R.P. M.

Expenditures s chodule @ (Thousand DH).

Y S
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« ! ! ! ! 1 !

i YEAR | BEFORE | \ | | | .
1901 1581 B2, 1983 1524 15¢5, Tornl,

! ! ! ! ! ! ! ‘

! ! ! ! ! !

| Amcunt ! 16.85C 150 | 8 400 12 6751 12 475 1 5 0CC153 550 !

x

!

roject pr

QL0 8S

T

<

conrleted feasibility studiczs justify the development of

this depcsic. Werk completed up to now represcnts 27 % of the whole preject.

Cash ilow Zstinote

! Cash flow

| ] ] 1
! RN RS Sy | PEAICL LTEL/BS ! PERIOD 1936/9C
! ! 1551783 ! !
! ! ! !
' Turn ouvers I - ! 37 750 ! 117 61C
! ! ! !
T ! T !
I Expencditure ! - I 25 586 ! 50 041
! ! o !
i : : :
! - L3712 !
{ .
!

LA e - irg iy

67 569




Deoioct title o SO0 ML UNE
Adniniscracive province o ERRACHIDIA

Object and descripticn cf the project

The irplementation of the project will allow the develop-
ment of & polymecallic deposit. The totzl estinated reserves amount o

5 million tons, with the folluwing prades :

- 1,3 %Pb
- 5 % Zn
- 150 a/T Ap
- 3 ¢/T Au
- 3 %S,

“he projected capacdty production undir ¢ £

1
wv
r

-
>
)
o

will be 60 CCOQ zons (of raw materials) per year which could be rapidly

- Governaent budget

- Bank losns

cedd
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3

Possibilities ©

To he dofincd with BLR.BLOM,

! ! ! ! !
: YEAR  EEFORE  Lebl | 1982 1983 , Total |
l e ! ! ! !
| x | ! ! ! 1
| fmount ! 10 GOO ! 3 s 117 100t 1l 400 Lowz 0ne f
! ! !

. | T T
~aniuviist

otudi- s have buen zlready completed. They show

b
that the doevelopuent of the preject is profitavle,

Eaployment -cnersted @ 120 under the first phasc.

Y

2-11



Project title : ZRAHLNA

Administrative province : XHLCHIFRA (Middle Atlas)

Object and descripcion of che profject :

The ixzplezencaricn of the project shall allew the developrent
of a fluorine ceposit., The total reserves azmount to ome (1) =illiom tons

containing

- 31 % car
3 a 2

- 10 76 % 84504

- 1,837 2
- 63 2/T AR
- 0,6C 7 2n

in the first ghasz, the productien would amsunt to 70,00C T/yazr ylelding :

1400 T/vear concentrates containing ag @ 2 ky/t ; Pb i 65 %

350 T/year of concentrated barytes at 35 % 38aS0,.

R
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Financinn sources

- Geovernuent hadget
- Bank

1enme

sohedulye (DK millien).

at

K50

~
[N

“ e tm M et el eaT a™ wl wl - - e et el gy N a T et ermalal et el el lamw el wnlalalel el et al e =T - "
! ! ! ! ! ! !
! VEAR T DLTORE ! 1031 ! 1962 | 1583 ! 1584 1985 ! Totai!
‘ Foo1nal ! ! ! ! ! !
! ! ! ! ! ! ! :
VoAnount b 3T ! GO0 ! SN0 D 1230 P 610 HEOC 1 37T
] ! ! ! | ! ! '
Prorect mrooross

The .colozienl and fuzsitility studics completed up to now showes
ghot the Jdepostt can be prorfitably exploited.
Coployemaont  cacroted @132
Cash flow estirmate (U Thousand)
e e Rl e T el o al el e el al alad et e al ad el n tw e gt i all e Y e S v S et el ama S el aded el el al =" =3

PCRICD 1951/83

1984/85

1966/90

Tum over

148,151 !

- 53,326

l i

! ! !
Expenditures ! - ! 31.676 1C0. 569 .

! ! } :

! ! ! !
Casnh flow ! - ! 18 647 : 47,582 !

! !

N A



PROJECT CUTLINE

Project title : The central lead smalter (FONDERIE CENTRALE OE PLOMB - F.C.Y.

Administrative location @ HMidoag

znd exporter. Lead wiil be expovted in the first phase, and later "trealtec

v

in Morocco as [inished product in the sccond phas

)
.

¢

The smelter wiil handle 105.0C0 T/year of concentrates ccentair
ing 68,8 % lead, with silver an copper as by products. 11 will produce abcut
70 O T/year of sofr lead, 50 000 k3/yfar of fine silver and 560 toms of

45 % copper concentrsics,

o . )

Tae projected rrestment will b carried out acconding to 2

- O R I ST ; A A s
clossieni ond toxitle ~vocess including
AP . - o ot - i1 s Sgs
Agalocerate reastiny, water jacket tank kiln reducing Iusio
e -y ~ - 4 - Lamm R VR ~
and pyromctalluczical up srading. all the anti-pcliution devices &t tie wor

site hove been envisised conforming to ~he standards applied in the inczuerrs

alized countries.

The analysis of the econczlc results shcws an increase of

aboic 35 7 &n on the turn ovaor.

Y
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- Project cost estimate : 205 CCO OCC DH

-~ Firancinue sources

Government budzet

Bank loans.

Posaibility of zssociation : to be defined with B.R.P.M.

- Expenditures schedule (Thousand DH)

_- e et et e e e T el et el el e et el e faTalan .S~

! I ! ! ! ! | !
| {EAR | BEFORE | 1961 | 1682 , 1983 | 1384 | 1985 | Total
! ! 1981 ! ! ! ! ! !
! ! ! ! ! ! ! !
! Amount ! 40O0Q ! 2000 130 0CO 1 9C COC! 90 0O ! 68 COO ! 285 000
l ! ! ! ! ! ! !
- Drodcet procress

Technical, economic and commercizl studies have been completad
Tonders have been callcd and the offers received are uader study,
- Ezployment gpuncratec : 335,

l.l/l.l



DNCITCT  CUTLINE

PROJECT TITLZ : Movcces n oceprer saclzor,

ADMINTISTRATIVEG TOZATICY @ ACADIR

C3JECT AND NESCATPTICN CF Tht {nOUECT @

- e

Th2 coelrer will allow a better developaent of concentrated
copper as lorccco 15 to become a major copper preducer, narticulary after

e, The copper produced will be exported in

S
—~y
o1
T
m
3
1
g}
—
.
G
3]
v
+-

the opanin
treazed" in Morocco ta

obtain finished products. The capzcicy of the szelter is scheduled at

The focility will also wandle the by-poroducts : gold and silver

a5 well as sulius (e’ fusic acid).

The cmelter's profuct Sroak down i2 as fcllovg @ 75 00O T/yeus
of cormcuniraze frin [Zroccan rines zortaining 33 L Cu and 110 COC T/yesr
i imported comzentrazz contairing 27 % Zu, The meizlluriical process
incluces znzeoe fuszion folleov:d by comverting, Thermal 2ad slestrolytic

“he econcalc results show a zlobal inrcernal profit of §.23 7.

Troject nust crrimate I WU 00T QT

Fincneing scurcers

- B2k lacns,

R
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Expenses schedule \Thousaud i)

defired with BLR,PLM

Acount Pz o0l 1 eco ! 3cCco !

p—
(W ]
=~
C
v
€
N
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Projecs progress : The prelimunary trchalcal anc eccnoaic stucies
Ave grdoe e

Foplovoort concratad o 30

vl
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URANT UM

Uranivg expleoration ip Morocco v¥as started by the French C.E.A,

~J

e,

first in 1946 and the efioreg were Zccelerated by deputing a team to the
sérvice Geolojique du Maroc, which studjid the phospihate and coal basias 2nd

granites.

In 1953, che Moroccan Minera! Explerztion Company (Socicte

Maroccine de Recherches <t Etudes Minicres) was crecated arnd the vranium

(99
L

exploration fer the cntire couniry wis undertaren, Scoveral SUOWings were
studied i detail and the friassic, Jurascic and Cretaceous basins were

reconpoitred,.

Thre was litcle cctivicy berween 1956, The B,R.P.. then dctivily

oy

rectorted the expleoraticon in 1677, Cavberme and zirborne radiomerric Ssurvess

WELE Un dortaren by the Scintrox, CANADA under the Juspiccs of UNDP project

L . oy o iy
Woleh revealed several izportant radiomer-ie anomalies,

Further radiomerric SUTVEYS anc systemacic peclozical studies by
the B.R.P.M. between 1970 and 1976 indicated nuew anozalies and prospcctive
zenes. Detailed explcration in cheso tones revealed uranium showings and
mineralized structurcs which are ncw under active expleracion by recans of

drill holes and adits,

Among notable deposits sre WAFFAGA in the Western Hizh Atlas,

AKKA BOU TIOUIT and ASSAKA in the ANTI ATLAS,

veod ol
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are carnotite and pltchbirnds aussociated with orzani

a potential of 2000 tens of uranium haviag

.

The 4TI LTLAS Project zone co.ntains the

ASSAN and ARKA BOU TIOUIT.

T - ‘ - Ay
A0 cevers an Jra 0L

58 AGLDIR, "ronium mipceralizoticon oOccurs

grede arounc C.15 to 0.2

mincralized zones of

1

anc is

S aALr o e
sitvated 267 Xuw

in northerly fractures

and alterotion zenes in the upper Preceombricy granices and in the overlying

1

tuertiary colcanic tuf!

uraniun cf a nrade avocnd U157 U4Ce.

~ AEA CU Jvers an area ol

ac 570 Km to :F¢ wast of

1 - s a e, e v oy N e~
trenaing foust SOCI CUTiing unpor rrecImirian
. . -
renomble trhooe 37 oo owh Macsel! CZoozrall Thoe polentia
- . . -~ - - et A - N
rdey of 2000 ton~ ol sranium wich o orade trounc O,

CUARTAZATE ToRITARY DAC

xust for

*Q
-
©

1¢ condition:

basin for urdiaum cxpicration,

of Terticry agc 211 -he btasrein, These sicdiments are
the Precaibrinn cruprive and cryveutalline corplex of

the Hizh Atlas, which 2re coneid red as cthe best

uraniun, The contined? ol fntensive laeaching of the

the Tertiare volecanic zouwld hove wached

-

asl

th- b

AGADTN, Uroniunm mineralizesion

loucocratic srarkec.

Thick ccneineneal clastic

The deposit m2y bac considered having 4000 tens of

2
1400 Km and is situated
scaurs 1n NE-SW

-
1ae

vEelines

selectinz this

sediments

d¢rived from

the ANTI ATLAS and

scurce rocks for

bascment as well

uranium bearing solution

Y AR
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The mobile uranium would be concentrated and precipitated
L1 the arkds.ic sandstone fy evaporation aad chemical intcerzetion of urand
fevons sclutions in prcscnce of oc-inic ane carbonzcecus woterials and

clay ainerals.

Censidering the geological critaria a systematic exploration

is prosrazoed consisting of ¢
- Geolosic
- Zones

- Air bome radiozctric sarvey
radon

- Loanometry and

al

- . .
= SLveL [T Lle lagtli~

P
A I
et

Cecehnewd

and 1 2iometric recomneisscace of the basin

measureucnt

cal exploration

Y



PrOJuCT QUTLLNE

: WAFAGA

'S

(

}
v
4
r
&

PRCJLC

ADMINISTRATIVE: PROVINCE : MARRAKECH

: 130 % SW of MARRAKECH

vt . gy
SITUVATICON

Uranium wineralizatcion in the JBLL WAFAGA discovered in

7 ozcurs in the palcocharnels :n the fluvic-deltaic sandstones of the

continental series in the I=ni Tzncut regicn (Western High

==~

19
Rauterivian
Atlas),
existanze of 50 paleochinnels
Uranlum occurs as ca2rmotite

rode 15 Yotween 0,15 0 .2 7 U3O
&

The oxploracary work undartoken consists of

Pcreussion heoles @ 16 000 m

Diamond Drilling 1 3CC =

Aadits and Crosscuts : 570 m

Err vicw of the pronaising results obtaried as wcll to locate

the paleochanpels and to zscertain the resaerves further exploratory work will

be required,

ol
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Marscoo mrogonie rhres metallogenic units for the precious
netls, These units are SIRWA, OUSNAT cr SAGHRO, 211 in the ARNTI-ATLAS, The
srecambriszn formaticns had been croded ar the end of ‘recanbricon cnd hawe been

covered Ly sedinments ranving from the Infracesbrian co late carboniferous.

cruvnian and

o}
]
ot

These rogions wire later uplited and deep folded curing

™o SAGHRO chaia wwtending East-West consists of an axazl
zone producced by bulging at th: cnd cf Middle Precanbrian P 11-111),
ranftizetion and is covered by the Adouldouniin and Peleozolc
formazions. The upper part of che Precasbrien 1L formacions 2re characterizid

.
H

e i b o mm o m e e ey .
IJAALCL‘, '_’r—:‘l\vl\,fa TEodna duerite.

The SIKUAa Massif constitucces of Pricambricn I1-111 voleano-
detritic serics containing dolerice dykes, gabbro, granite, granophyre
and rhyolitc., This zong cppears a5 a window (inlicr) between younger
formaticns tu the EZast and granite to the West.
The oxploratcry work by the B.R,P.M. in this region resultec

hs1ts containing primary gold and silver

,.
23
"~
o
N
"
N
N
<
r
~

<
(o]
=
(5]
C
®
1
f:
—
(g
e

u
O

zinermlizecicns, The follewing dupositcs are being mined or in the final

Y
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TMITER Silver depestt i cicuated at cthe acrLthern flack o
comn Tha aroved TOSITVYS aoount to SCO.000 wons having a srade of 1200

fo 5. The cepnsit {3 beins minud singe 1gaq A suhsidiary company of the
3.R.7.M. producce pruziprtates containing 92 % Ag.

The IMITER deposit may have additional reserves of sevxeral
aillions of tons of silver. Couscquently, exploracory work and investigation:
cn a regioral scale ave considerad nccessary 1o evaluate fully the potentiail
of the area.

A sold-Silver depusit occurs cqually at =1CUTT having o reser
of 1 million rons with a grade of 10.5 z/t Au, 5S4 g/t Ag 2nc 0.35 7 Cu.

~ne Silver dorosic of ZCCUNDER 43 situaced to the NW of SIRAA
anourting to rezsevves of ¢CO.COC tons of ore having OC o/t Ag and iz buling

~~onored Zor ainin b the 'Soziere Mercllurgique du
I3 risg

in osenera’ Teras and taking the gecloglic and peographic
srruction of tharze doposits . LC cons:d:racion, the Anni-aclas would

represent & metsllegenin mrovireu for prucious setals. Comsequently expioras

.

(e 4

gssary "o discover new deposits siailar to those

(8]

rion Work should be re

alreacdy known.

ol
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PROJECT TITLEZ : TIOUIT

ADMINTSTR.TIVE DROVINCE ¢ OUARZAZATE

LOCATION The gold-Silver deposit is located at 45 Km SE of BOUMALN

du DADES and ac (75 Fa from AGHDIR port.

The regioasl joology constatutes of the granite masalf
Sordered co the North by lightly mctamerphose  schists of middle Precamhrien
age and covered uncomlorwabtly by the upper Precanbrian ihyelite cenplex,

The wincvclizacion is localized in the gquartz lades cutting

m

acrocs the zranicze.

“»
iS5

and

[

-

The mineralizstion witl quarcz/chleorice j2ngue consists of

[1 ]

microscopic nutive gold aneociated meinly wich chalcopyrite, pyrite or

. .- . Tt . e mer s . [T T P e -
quarts ead with Silver hlaring cuprite, spncl o rite and golena,

The exploratory work undeztaken on this veiln duposit consists

(]
e,

. ; 3
srenches 0 1300 =7, herce holes 11000 m
acdits : O m

This work has vstablished a reserve of 1 zillion tons of

ore having 10,5 g/t Au, L4 g/t Ay and C,36 7 Cu.
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ADMINISTRATIVE PrRUVINCE - CHACUEN

This zinc deposit is situated at 18 Km East of CHAGUEN and
126 Km from the Tangicrs port.

The mincralization occurs as laycvs of sphalericte and szith-
sonite 2 part of which ean be wined by cpen pit.

The exploratevy work has established reserves amounting to
7 %00 000 tons having crade of 3 7 Zn. The potential of chis deposit could be
as high as &C,000 000 toas.

In the samc recion, the preliminary oxploration at the KHEMLS
TIKENZIGUEN deposit has ascertained reserves of 500,000 tors hawing 10 % In

and rich in Germarium and specielly irn Cadmium,

The metsilureical sircdies on the orec of thise two deposits

v
i

by flotation in a ;pilct plant lave preduced € 7 2 concentrates.

Y AR
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The accivity of the 3KPM in chis fiew consists on che one ho

of recpening of cld portially working mincs Azegour, Sidi 3ou Azzouz,

o
e

Zguit and Hessian Disb, and on the cthe

v hand oxpluring new arcas such as
Taorirt-Tzalals in che Saghro,
The 1s covperation with the 5erman Company KLOCHNNIR b

=4
3
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ol
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i3
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ct
o
It
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<
(21
—
D]
~J

ment o tte Az2gour and Sidy Jou Lzzouz cepesits,

Situation : 80 K& South of Mirrakesh and 230 K= from Safi pere,”
This i & comtact nyromczasomatic type of dopesit situted in
the Central High Atlas.

» Gl om v U P S S Al . . \ - A - - -
LOD wAL e Ane garneliiiraus rocks zineralized in Schcclico
€ O - .
frem lases adjaecnt tc ch: jranice,

The c¢xploratory work undertaken
revealed 200,000 zons of are navine G20 7 WOB.

SIDI BOU AzZZCuz

Province : Marrakesh

Situation : 160 Ka from Casablanca port

The scheulite deposit is in quarts veins in the Rehamna

Paleozoic hzsement in the vicinicy of 2 hercynian granite bath olith,

gro
The expleratory vork undertaken jointly by DRPM - KLOCNNEL
has reveated 1 million f2ms of arc having 0,20 7 Wo_.
3
These two deposize wre in the final stage of developinent
wbich includas feasibility ,rulics and Enjincering for the rialisation of

e projccts,

Y



Siteaticn o U ok SE ¢l boumaine au vidges ong 460 kmo Lrom Agadir port,

The scheelite minerzlizotion occurs in froctures in the granite,
Explcoratory work consisting of drill holes, adits and trenches is undersway, A

. . , . , N _ N
preliminary estivation of rescrves is €00,000 toms having Q.20 % W03,

~ -
o d
e e

Yrovince  KHEMISSET
LRI

160 ka from Kenitra port,

Wolframite occurs in quartz veins Lo the aurcole of contact

seiaaorphisz in the southern berder of the Oulmes grenite massif,
Exploratory driliong L6 undurwoy which have indizated encou-

Lrovince o OLJLA

satustion @ 60 km south of Taourirt ; 160 km from the Nador port,

The depesit consists of quartz veins minerelized in chalco-
pyrite and wollramite essociated with yranites altered to sreisen, in a
#2ieozoic inlier,

In vidcw of favorable ;vologic setting present for an economic

tungsten depasit, this project requires txploratory work provremd,

ol
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cxploration in Merocco dotes back to abour 20
years hence, Many repions were prospected and <xplorad on surface indications.
Since the Second world wer the coil expleration jzined cuch more importance
and pnartly replacced the soiid hvdrocarbon zxplorction,
Since the <nercy crisis ot the 70's, lignite exploraticn was
e

restarted by the BaFM, mostly with the cooperation of Germen experts notably

that of Professor Lucgtis,

The invcstigation were lozically zuided by the resulets of

ion in various HMediterrzoncan ccontries nazely Italy, greece aund
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Lurkey, where important 1inite deposits have been discovered.

The iloveostigacions were under teren in the fivst place in the regicns

orzcoiaon, deposition and preservation  of
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-Guercif fasin 1n the north castera Morocco,

. - -t :
et Moitres Bagin

3
]

- Mellila - Oujda region
- Ghard and Tangiers - Tetouen Plains in Nor:h Western Morocce.

the ebove mentioned regions, the 3RPM concentrated its

tasin, on Gherb plains and more particularly on

>y,

cfforts on the Guarc:

the Fes - Mekrues basin.

Lt ceonstitutes the eastern part ol the

o 3
b=
.y
O
A

1

kY
:_;
pa}
I
v
jog
48]
"

couth Rif deprecsion filled in by Miocene marine formatisns and Pliocene -
Quaternary lacustirine cecdizents, The lignite oceurs in the Pliocene =
Quatemary for=ations,
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The cxploretory work resulted in the discovery of the Oued
\JA deposit emounting to 30 miliiorn tons of lisnite having a carolific
value of 1.300 Kcal/Kg.

Explcration is underw2y in other bzecins to evaluate thelr

reserve potentials.
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MAGKESITE

PROVINCE : CHAOUEN

A magnesite bearing zone 30 Km long occurs ia the Paleozoic
Rif, Il {8 siivated 60 ¥m scuth of the port of CIUTA, The ecrystzalline magnesice

deposits in this z2cne presenc a potential reaourcze of 40 millicns tons.

The ECUDIEX Sector waes sclected 2a e Pllot project, for explo-
tiory work which revenled & recerve ¢f 9 milifon tons of zagncgite hoving 32

rigd of winich ! million tore have grades move than 64,5 MgO,

A part of the depogit could beo mimed by cpea pit,



PRCJECT  OQUTLINE

AUSESTOS

The principal Kknown asbestes depo dre situated 1n the Anti-Atlas

sits
Massif in the OUARZAZATE Province. Geographicslly cnd peologically
these occur in the fcllowing twd distinct sectors

- Bou AZZER Sector.
- Morthem and Southern flanks of SIRWA,
They are 3ituated X0 and 400 Ka east of AGADIR, respectively,
The deposits gunerally occur as chrysotile veins and are
the products of serpentinization of the ultra basic Precambrian rocks

as well as of the metamosphased dolomires.
r

The fallowins asbestas deposits were selected for
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reily on their resaerve potcatial,
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ROYAUME DU MAROC
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Figures A throuch G ,........... Morocco Geological Maps

Figure H ... veeneiiiarenesra... Schematis Longitudinal Section,
Eo: Azzer Area
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Figure I ....eiveeeveseonsveea.. Bicida Copper Flow S!

Figure J ...v.viveiveeansansess. Flan Map cf Zeida Lead Deposits

Figure K ...... it eeaa.es 2eida Lead Flow Sheet

Figures M through O ............ Xzromagretic and Sravimetric
Coverace Maps
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NCIENCLAZUNS DES ZTURES CAAVILUTRINUTS

du {Ksareen-Souk) Trrachidia, lovie en .Gh0-ky par CAG pour BRPY
du Rhart, levéa do 946 a4 1956 par C.G et CGG pour SCP

du Sous, levie en 1955 par CGG pour SCP.

¢ de Tarfava, levio en 959~190C par 1'.gip-dineraria pour SCMIP
de synclinale du Tadla, levée on GC1 par CRONA pour DMG

de Doukkala, levia c¢n . G502-03 par C.G puur ERPM,

Maiuts Plateaux, levée en 962-563 par C.G pour LMS

Plaine
Plaine

eas81n
cn 96

Plaiace
Plaine
Rogion

R{gion

Région
Région
Riglon

Wnlon

de la Bahira, levae en 453 par Lerici pour DUG
de Guercif, levie en 1663)-04 par Lerici pour DMG

3 de Moyennoe ¢ do 1a Hauto Moulsuva et d'I%zer-Eniil, levie
3=6h par Lerici pour DMG

de Cuarzazata, levée en .G65par hed ,tlas Copoco pruar, DMG

[

do Haeouz, levie en .5553 par 2..C poaur LW

~
=)

- v . o - : +
Oujda- El .. Ioun =- Berxane, lceviée cen 1587 paz lerizi pour DIG

ds Scfl, lavee en 1551 par Clula pcour bRFM

d'Essaouira - Talmeste, lovia oen 975 par CLG pour IZNPH.
d'igadiv - Tlznit, levée en .975 par C..G pour BRPH

de Misaour , levée en 975 par C,.G pour BRPH

de Boudnib, levio en :975-76 par C..G pour BRPM

de Boulmane, lovce en .976 par C.G pour BRPM.
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LUNEN ITI

CONTACY S (1 BY DD UAM IN Z0RDCCo
1. Moroccan Ministyry of Energy and Mines:

Do, UShanunoed ECW”“iC

Direccor o Caology

Telceilione HZ—Sl

Rabazw, Morococo
2, Omnium Necrd Arricain {O.MN.AL)

a) lir. Mur“ﬁ Cherif

Director or MMining

52 Xvenuo Hassan IZ
Il -~ = rq .
-aszitlanca, Morocco

3. Bureau of Recherchz2s co de Pa
a) Mr. Mohamed Chahid

Dircctor aznzral

5-7 Aventio oulay

Rabat, Morocco

t—

1"

articipations iMinieres (B.R.P.M.)

b) Mr. Assou Lhatout
Secretary Canoral
5-7 Svrenne Moulnyy Hascar
Rabatbt, loroooc
c)  Mr.o o laoooan Sooaat
Chief of th2 2ivision of Mergers
5-7 Avenue Mculov Hassan
Rabat, lcroceo
d) Mr. ali Zennan
Chiel of the Division of Cooperation
5-~7 Avenue Moulay Hassan
Rakatc, Morocc:
e) Mr. Bachir Daradi
Chief oI the Minerals Exploration Division
B3.R.2.LM
Quartiecr Industriel
Charia Al Fadila
Rabatw, Morocco Tael. 733-47
£) Mr. Rachid Alaoui
Chief of Management
Quartior Industriel
Charia Al Fadila
Rapai, Morocco Tel. 737-64
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Motallurglist
Bou Azzer

cTT

BP 600
Marralkech
Morocco

- Principal






|

.
o

R
[
H
v

g

i

T~
i

WA LI
/RN
AT
S a0
- -
7
*)




é‘@) 9& \&ﬁ "3‘7&;‘*
Q N % %%%%A




v ] Hvl\..,.w.\
L

Ve AU S AU LIy rM

Bl Y iy it L

PO
s P I G N L -
- \\\ - A : AT ..:\.n\i AYTT
m\.,\. \.z; L e X - \\\\ \hwnﬂ
_ o g R i)
. . _\&“ {




Ttk ke
PR ALV S g1t


















http:application.of




