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MEMORANDUM
 

TO : Christian Holmes, Director, Trade & Development Program
 

(IDCA/TDP)
 

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

SUBJECT: 	 Final Rr-oort on Cobalt Reconnaissance to Morroco, 
Janu2-rv - Feb',-rua ry -190 

' 
I. ,DUC_ !ON
 

The primrcyr: roose fL.r t:.is reconaiss-nce mission was to define 
the supply siO of the miroccai Cabalt ecuation. A subsequent 
inve~nOai, n h d-nand slde,, ;nVo]ving possible U.S. orivate 
sector cor,:cn, is to be undrtaken on completion of the 

',:,Q Lot
r/orn: : s 512]£, to M,:,ocso. 

General a sem,::t o';o:ea:::o 'ave ben reached by Team members 
that mine "IL he Lou region associated1 i Azzer is both 
with ;w,:PInt1:> ) ui- iss uinc and folding of 
oshil i Iz. u' :' .- s i of ioc-ting such deposits are 
comple> ard e. tie ictabe. potential for-ot d tThC 

jC2tr , onr'y by a careful 
geophys ical n C h :i.,1c a . e ojram.e:tt 

Known andi ot><rial Coh !t oirer, ization in the Bou Azzer area 
is descrioed :D,, Team m.. rs a-, "co:..3 iderable." in addition, the 
neighboring Jiroa blocr is oo i....ed to offer "an excellenz: 
target for further explorat ion. T :ieis also Cobalt' otential 
reported 4n the South of Morocco, at the border area approximatelv 
60C miles Sout,,w est of Bou;Asr. 

.;;1.K ACCOMP LIScHIED TO DATE 

Data may have been developed on the Bou Azzer and other deposits

by Fren-.h scientists dating back some 100 years. In more recent 
years an impressive array or sciencific investigation has been 
accomplished b* Moroccan 'ci.,ntists under the leadership of ONA 
Chief Mining Geologist Mr. Pierre Billand. Mr. Billaud is 
co-author of technical papers on the BDl!.ida copper and other 
deposits with Professor Marc Leblanc, wsose orio inal work on Lou 
Azzer and Bleida is fundamental to tni:; investi.gation. 

From the standpoint of coun-et, r t Mo,-roccan ;eoiogj sts, their 
geochemical reconnaissanc has :enconcentrated on outcrops.
Ra-,her nodestly they characterize their geopoysical searches as 
not having been made yet on a "grand scale." On the other hand, 
Dr. Michael Foos, praises the 'largo amount of excellent technical 
work" accomplished by the Moroccans. Team members generally 



concur on this point. Adding that M.!oroccans have done so much
 

work in the Western end of El Graara, Dr. Roburt Coleman notes
 
that nothing substantial can be added. He roncludes, however,
 

that the same approach--with some additional techniques--might be
 
utilized for the eastern end of this mineralization region.
 

Before reaching Morocco, USGS team members reviewed the pertinent
 
thesis and papers on Bou Azzer of Dr. Leblanc. After several
 
traverses of the Bou Azzer region, a question arose among these
 
team members as t: the completeness and possibly the validity of
 
these data, when comparing Leblanc's hypotheses with the facts,
 
as observed in field traverses.
 

One team member observed that Leblanc makes no mention of
 
geophysical techniques. In his opinion, a geophysicist should
 
work out actual structures from field geologist's samples and
 
o..........bservations, to arrive at a final interpretation.. It-"is presUmed
 
that this would be accomplished in a subsequent and more detailed
 
explcration and analysis.
 

No assessment of Bou Azzer mining development could be complete
 
without acknowledgement of the prior very extensive Soviet team
 
effort., On a theoretical basis, the U.S. team has questioned the
 
methodology of sampiing (on a uniform grid basis) and need for
 
such a large number of samples collected (60,000). In the cni'ion 
of one U.S. tea -n.ember, more meaningful results could be achieved 
at a sampling 1evel of 10% (6,000) , providing stream or soil 
sediment sampling is employed. In fairness, however, it must be 
noted that the fee-paid Soviet consultation (a $3 million offort 
with 65 technical and semi-technical personnel) resulted in 
locating a cobalt mine currently operating at Tandrost, 12 km 
east of Bou Azzer. 

Mention should also be made of aeromagnetic data reported by 
Hunting Geology & Geophysics, Ltd. of Great Britain in 1977. 
Tnis <3ata is considered by Dr. Robert Coleman as having had but 
little interpretation.
 

TECHNIQUES AND IMPROVEMENTS AVAILABLE
 

Exhibit B displays an abbreviated summary of techniques employed
 
to date by the Moroccans. It also itemizes those improvements or
 
added techniques which oculd be considered in future exploration,
 
as suggested by Team scientists.
 

One major area of innovation as stressed by Drs. Coleman and
 
Foose, is electric self-potential techniques, especially
 
aeromagnetic studies. In Coleman's opinion, an aeromagnetic
 
survey of the entire area is needed, with sound geophysical
 
interpretation of data. Isotope and metalogenesis studies are
 

also recommended by Coleman, with approximately six (6) weeks of
 
careful laboratory studies thereafter. These techniques would
 



enable Moroccan scin:iscs to ".naku better gusses" as to wiev. 
and where mineral y, ins were for.-,... This informatien can feed 
back directly and guide prospect'ng, according to Coleman. 

Soil-sediment s am.ling is a guoczemical technique which can also 
lead to u ,efrI. i::- r.;it -.k.. pother t:n s3;-.Pi, on a uniform grid 
(Russian) b a,Z , it. .oi;,e ,, DarwiA .. azasian - - ...iend 
collecting r . w..t rlmple. s ; i:o .atterns -to
 
benefit from the ":.i. ,-f ,:t from in na ized ow'"croppings. 
Accorig An o Mr. -u..,, ti n .i1 give irnati on nigher 
elevation soucces, ,_o mus c,i tied tc new areas (not Bou 

.
Azzer, where si y cam n tarfore ri:sults.nh)


Percuanscn jriaii, is Q technil., suggestu.a Ly John Lucas as a 
e..pditious means to check nineraliza ion aress, to be used as a 
low cos! and fasn s.pp 1 :sem:it to thu ore precise diamornd core 
drilling method presently used. Lizewse, Joe Royce nas 
recommended consideration of snallow seismic apparatus to 
delineate mineral oarjet areas in the Veida reion. 

NO N - COBA" LT MIERLIATO I 1G T0"..... 


In addition to the primary e:ploration cf)rt b entire team 
on Cobalt, a :ortion of th group K1U:y, ,as, L Jieur) 
undertook to sa sparat: trip view d,-u:cLc.j t !mitp-r (Silver), 
Z i.a (Luad and .ar ', and K u;i;ne ow Puc- uai (a multi-modal 
deposin consisting of zinc, o.d , nc.,r n I.e n t re 
:eam prevjcu:i, visited the copper Zp.c-s at Blaiia, and 

observa' ions on Ainlin's are noted elsowhere in this report. 

in addi-ion 
to re,ciondin to the kind zvica i.. c 0: ir M.,,.rcccan 
hosts 20 ,,i,. a :v iCc'7 l mini, vintn r;s, it ,as :n .jsc ono f 
thiis SAO , ort to. a :S0 0; tentc ivlv the poss; :.i! ieS of :;ri 

c
potentials ,r U. . cupanies. Especilly sic c. the 'ocn
- low 
orice of co,<dlt could militate a, ins: verv much U.S. privat<: 
sActor inearest, who ossij iity of or exp[oratlon (to s'road 
the risk of any ve'-.,e) should be con.; i ered. ,-a ' e cW:' 
miter and <ida, in npxea s that the ituatio is we l in n c-,, 

by the Moroccans working alone, and the entree for U.§' firms here 
is not atractive. The story msay be different for Wleida and 
Boumain, h'owever.
 

E. c trma,,,tic detection techniques mav be readily app].icable to 
t.he massiveevein deposits of Boumaine, together with geochermical
analyse and could together permit rather rapid assessn ,-n of 
explor:tio'n and minin, pote)ntials. This entire domain, between 
the Hain Anlas and A.ti-Atia . ears co offer gooi exploration 
p0, antd RPM i.: encouraging to such explora,con onai 
cooperaiv bas:. w ith U.S. interests. A benn1ficiation plant for 
such a ,ulti-mt-i2 d sosit would requir:e e:xper e_,-c ton c.f 
processing equipment and careful attenzon to plant design and 
cons truct ion. 

http:ri:sults.nh


In the case of Bleida, areas southeast are said to have
 
exploration and possibly mining potential, including for the 
strategic metal vanadium. The richness and extent of apparent 
reserves makes this a prospect of possible interest co U.S,-mining 
companies also concerned with Bou Azzer. a u 

Thus, even in this relatively brief survey of non-cobalt
 
p investigation by
potentials, thesc prospects could be worthy of 

U.S. firms. Together with several other matters, this subject
 
will be discussed with interested companies in the American mining
 
industry on return of Team from Morocco.
 

Detailed reports and conclusions by each member of the TDP
 
reconnaissance team follow this introduction.
 



TI 'Ea E,"IPLOYEZ AND AVAILABLE 

Techniques Employed ImDrovementsjPechniques Available 

I. Diamond core drilling 1. Percussion drililing
 
to 5 meters 1.1 A faster and ciheaper supolemen
'4 


1.2 	 DisadvEint=-u, Less precisic)n
 
1.3 	So. African model reaches S'6K0
 

meters
 

2. Geochemical survevs 2. Geochemical suri-veys 
2.1 	Unifcrm grid sampling 2.1 Soil-sediment sampling

2.2 	 Russian methodology 2.2 ,Iahii n F>rialyses
 

(63 el. r n )
 

3. Electromagnetic surveys, 3. Airborne TecniqT!ues

ground 	 3.1 Electromagnetic surveys
 

3.1..1 1R-1cgiqc 2oLon
i 

3.1.2 	Comp.L:ter profiling
 

3.2 	Satellite imagery
 
3.3 	Aerial photography
 

4. Exteiisive mapping 	 4. Geophysical sa:,.,viina

4.1 	Topographic maps 4.1 Metalogencsis studL~s
 
4.2 	Gravity intensity mas
 
4.3 	Metallagenic map
 
4.4 	Supporting data file
 

5. Isotope tracing
 
5.1 	Stable isotopes


- _
5.2 	 Isoto e dating methods
 

6. Hydroth :e:-2i phenomer-i
6.1 	SurLace measurements
 

7. Basic Ref.earch 
7.1 	FPluid incluSion sudi
 
7.2 	Vein layering, chemistry of
 
7.3 	Isotope studies (c.f. #5)
 
7.4 	Model building
 

8. Computerization

8.1 	Selectic~n , computers
 
8.2 	Coi-iiputserisu' Minerai data systE
 

9. Training
 
9.1 	Basic:
 
9.2 	GeocsIQ' . "i nd geophysics
 
9.3 	Map p o:s ::o),
 
9.4 	 tpc hniquis
 
9.5 	Graduate schoLarships
 

9.5. 	 Thesis 4rojecs*; Ore
 
Dc ;its of Morocco
 



MEMORANDUM
 

TO : Harold A. Le Sieur, P.E.
 

FROM : R. G. Coleman, U.S.G.S.
 

SUBJECT: Bou Azzer Cobalt District 

During thn... period ncary 30 to February 4; I accomoanied a 
specil. t.. ... t together in order to evaluate the future 
ootential fo c'sait .exnioitation in .or-acc. The basis for my 
evaluation is a rsult of a series of bz efings on the geoogy and 
mini2 methods in the Mi mt. In addition, we made a nu:mbr of 
goelo.. .. ovneth geologic All_ravr important sections. of
 
this was don under the expert guidance of Pierre Bouliard, C.ief
 
% n 2 o_o ,,i-- for ONA
 

. acm tne group was uasnea on the fact n,,t I
 
had n ',vi and b:: of
e fr.ncs ophio r p r oblems that his would 

.value aire'"5ds Lo 5> As & .eca u t is <W -onsser-cLa be 
- , e da di: ophioAi. te it Prozerk; x,, g,_e r.. rae my .... arks 

will be confi,nei to hie area of mi ,::,, ise, 

The recently published works of Dr. Marc L, blanc form the hasis 
for the currant geologic: thrnkq in Le area. The Bou Az::er 
cobalt drposit are si-uat.d along the ocudaris of a 
seroencinized p " i si, - in. w'ei,dct nu. i Wherever o tS~V0 
this conta' the sarpencinite ,-z sheared 3nd highly aLtered. 
Nowhe r did we fina an or . ::-,:na._c contact. Ttoo are 
tectonicall/ juxtaosed a:ai(su or in corpoated in :petin,. ,ite 
rocks which an .... .)i i p nbe u je

did we ,.. dis led. a conli-sL Q)c<flu1(, ' -. Cu - f 

und ;stu" ancient c.u:: t -cs nbK oce:nic -o, o. e),o the 
Bou Az:er district occupe- a pIominan aaciformal come, itnir-" 
major geologc st rctures also conform to i S ajor tci-on i' r 
feature s clear that .. hathe bea 
many times and no., occuie<s a diapiri: a i-s..;"-. nn....' 
structure. Thefore the periodotitras,. seroenzcinized rept. . 
from its o..1ina, basal position ,ichn the ,phiJite and has 
underc ulcipl. per iods of defrmar on ad iteration 
(miner l :) The cob ui n rl"'. o is s'Cti 
to this ater.ion ano tectonic .,YOVlc The pccscnt model of 
Le Blanc whereby 'e Ambe:d represent a -or"atonweathred rind
 
that has later been milized into ore was not sobsta i, ted by 
our.- geoo c ooservations. Therefore, We scges, that additional 
geolo-ic rosearch be cacried ou on the genesis of.iz o re 
distr ..... could be done by supporting modest research by
graduate students from the U.S. in collaboration with the local. 
geolog ists. 



2'. 

Recommendations:
 

1. 	 The basic geologic mapping of 1:100,000 by Le Blanc and bigger 
scale mapping of the Moroccan geologists is adequate. I would 
not recommrnendi future mapping at these scales except for 
promising areas.
 

2. The Russian geochemical sampling was uninspired and could be
 

supplemented by using North American exploration techniques,
 
such as using pathfinder elements and geologic reasoning as
 
related to known structures.
 

3. Review of geophysical techniques by a mining geophysicist
 
would be be useful in order to establish the effectiveness of
 
the modern geophysical techniques used in the district. A
 

.......... su Vey properlyinterret
regiona. aeromagnetic 

provide a better idea on the size and shape of the
 
serpentinite.
 

*. Strong effort should be made to have exchange visits of 
Moroccan geclogists with USGS & USB4 so that they could team
abou other- techniques of ,3ozhenistry and geophysics. 

5. Education of Moroccan geologists in U.S. Universities with 
thesis rojects on the ore deposits of Morocco could provide a 
means of carrying out basic research needed to better
 
understand their ore deposits.
 

Post Script
 

Dr. Coleman has concurred with the following suggested supplement
 
to his preliminary findings:
 

"Unlike the more commonly encountered ophiolite which may
 
exhibit an orderly succession of component rock types, the
 
ophiolite structure of Bou Azzer and environs has undergone a
 
continuous faulting and folding with a much more complex end
 
configuration. Since mineralization is often associated with
 
such faulting, it may reasonably be expected that extent of
 
mineralization is more favorable in this region of Morocco."
 

(Harold A. Le Sieur)
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fiL iS.GE'fLOG[C KPIRF) AIN! EO'VE~I,\ FOR THE CMUML To M.) 

i{D,Si OK),j nY 

THE T:A\MD AND) MVELOPIENT PRJ\GR-i.\M 

OF THE INTERNATIONAL )EVELOPMENT COOPERATION AGENCY 

by 

M. P. Foose
 
and 

D. L. Rossman
 

U.S. Geological Survey 

A3STRACT 

A mission sponsored by the Trade: and Development Program (TDP) of the 

International Development Cooperation Agency ([DCA) went to Morocco to evaluate 

the possibility of findirg adlinional sources of cobalt in that country, as well 

as other types of mineralization. Information obtained during this trip snows 

'orocco to be a countrv for .hich much geologic information is available and in 

which there are many favorable tarjet areas for futuire exp].oration. 

Work in the Bou Azzer district (PAorocco's prnc.:al cobalt district) shows 

that much excellent ceologi, 4ork Aods been done in SeAc;lln1 for additional deposits. 

However, a number of isefuL aproachus co Ioca to cohat hive not been cried, and 

their use might be successfuL. The potential- for undi scovered deoosits in the Bou 

Azzer region seems very high. 

The cobalt mineralization in the Siroua uplift is different from that in the 

Bou Azzer district. However, qeoLogic simtlarities betweea h to areas suglesc 

that a genetic link may exist becween the two types of mineraliz.,ation. This further 

indicates chat cobaLt deposits of the hou .\ner types might be preserr in the 

Siroua relion. 

Examination of the Bleida copper mine shows it to be a we I-exposed volcanic

ho, .1 stratabound copper deposit. Large unexplored areas containing s imilar 

rocks occur near this deposit and may contain as yet undiscovered copper minem a

ization.
 



r A,;IN .RODUCT 

The major objeccive of the TDP Cobal t Mission to Morocco was to evaluate 

the possibility of lonating additional sources of cob.Lt within Morocco.,A 

second goal was co identify ocher locailties that contaic. potentially i;mportant 

types of mineralization, "cih emphasis on locating deposits of strategic com

modities. The ultimate objective 4as to seek information that micht encourage 

joint ventures on mineral deosits between Iorocco and the U.S. private 

sector. 

To this end, the TD? - sponsored team to Morocco was involved in 2 

Jays of meeings in Rabat and 8 days of meetings and field work in :orocco's 

ma jor cobalt district, Bou Azzer. The work near Bcu Azzer also included a 

one day visit to 
the nearby Bleida copper deposit, After the work at 3ou 

Ozer, the U.S. Geolo.ica Survey ,e..bers of the TDP team separated from
 

wKe other 
team members and e:amined addltional cobalt prospects in the 

1 rouna uplift, neir the areas of ifer-ihane and inki, and the manganese 

dposit. it Kmini C0,. 1). The "-DP:aeam .:; tien reunited for 2 days of 

on:luding discuSsi 0i.s (r, offic.ials ._,ca a in R-nab 

on- O ii 

[his repor skmarizes he acttvitcs and conclusions of the U.S. Geological 

Survey's members of che !"D mission. The report is in four parts. The first 

Siniarizes activities and conclusions derived from the Raba: mneetings 

nuary .28-29.., 1982), the second sumarize ar'.o-,: and recommendations based , r a a i d r c ta !:'.1:":' 
u 

..... N in W ou .,;::zar." .cohnilc ,d ric , the third puresent o evaluatio, 

of the B3eida ,).oer Jistricn, and the fourth is our evaluation of the 
Tferhane and -Ki c abaLt occurrences. Because of inclement weather and 

:W absence of adequace Engplish translations, little Information was obtained 
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i:-~ Ink aK ngailC.- u fl , and O;u3 .S.. sumn1rw is ;Wen for t. ijt depust 

\ppendix I chronologicaly U.ists our activni~k. 

RABAT 'IEETINGS 

S unm a r '/ 

Meetings with the Bureau de Recherches et de Participations !linieres (BRPA) 

) and Hor ,acan,KenTo,,icitl Suivev ,learLv indicate:orocco 's major mining comp.. 

that orocco has a wel] developed appreciat on for tOw need Q ;a'.'5 termatic 

mineral exploration and for the evaluation and development of mineral prospects. 

They are now carrying out a number of excelLent mineral-resource-relatCd 

studies. 

The following lists some of lorocco's ma)or ,eolog;ical pro:ams and 

some areas in which they plan future work:accomplishments and 


1. Fifty to sixty percent of the northern pkuovinces of
 

Morocco are mapped at a scale of 1:20), 000;
 

2. Parts of the Rif area (northern Morocco) are napped
 

at a scale of 1:50,000;
 

3. The central part of the country is being mapped at a scale of 

1:tI ).000; 

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

in sedimentary basins where more detailed surveys have been made.
 

5. A metallo-;enic map has been completed (1:500,000 scaie ) and 

represents a comptiLaion of geoq)j itc, tecconi, , ai2d iinuralo. ic data 

that was compiled at a ;caLe f I: DAQO). 

6. A nat tena L scren sdimenL saplila pro.,ram is to be ~..,rced. 

7. BRP:.M has been active in identifLv nq and evaluating mineral prospects. 

3 



As 	 a result B?:I ISesses-3 a arge number of documents detaili.nl i eoiogic 

and ocher Jata . -;ide,a va:iecy of mieraL de,osLcs. An e.ample is 

given in Appendi: 2 (Report pi-epared by BRPM, attached as Appendix 2) 

which outlines mineral projects regarded as worthy of cooperative ventures. 

A more detailed prospectus 	 is available from BRPM for each of che listed 

projects.
 

... additon, BRP.. has identified a large number of other mineralized 

areas that contain a variety of commodities including rare earth elements, 

lead, zinc, precious metals, and copper. BRPM is particul3rly enthusiastic 

about copper deposits in the Alous area where at ieast 1,800,000 tons of 

ore with 1.0 percent copper and with 15 gr/ton Ag has been proven to 

exist in rhyolite (volcanic rock), largely as chalcocite ;,ith lesser 

chalcopvrite, bornite, and pyrite. Other cooper .Ic osits e :ist in the 

Alous area with -t least 3,000,000 tons of ore con~aining 1.5 percent 

copper and 54 gr/Lon Ag. 

9. 	 Althou-h a,, ,ressively working on geologic problems, the Moroccan Geological 

Survey has em hasized the desire, during our meetings, for assistance. 

Areas in which T.hey would lik- assistance include: 

a. 	 Remote sensing techniques; 

b. 	 ineral. deposit I-.act ion m.ethods; 

c. 	 Training i;n sed..nencology, petroleum geology, and in
 

geophysical p:'.s)ec-Ln;
 

d. 	 Isotooi, a-. n proolems; 

e. 	 Developnenc of less expensive map preparation
 

and printin. techn>Pues, and
 

f. 	 Aid in select n. computers and develooment 

of 	 a coniutered ,rineral data system.
 

4
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that goen work in 


turther shows
 

rhe abuve clearly inli caites ils; orocci has
 

considerahle maturity. This is important because it 

that the Moroccans a pprectato the iuformaton essential for developing 

effective txploration prugrams. Par:icularly impressive is the metal

logeaic map and supporting data files which will be immensely useful in
 

identifying favorable regions for mineral exploration.
 

Recommenda tions
 

Review of the above geologic information leads us to the following
 

conclusions:
 

1. Morocco possesses numerous identified exploration targets
 

and many virtually unexplored areas. Basic geologic data for much
 

of this area is adequate to select specific exploration targets.
 

In addition, the Moroccan Government is anxious to foster ties with
 

foreign companies. Thus, Morocco represents a favorable tor
area 

consideration for new exploration for economic mineral de2osits.
 

2. Although geologyitaly advanned in ;ao areas, the Moroccan Geological 

Survey desires assistance (item 9, above). Many of these problems are 

areas in which the U.S. Geological Survey can be of help. It is 

recommended that TDP explore the development of a cooperation program with 

the USGS. However, it should also be n c:ed that assistance in some 

areas may also he given by orivate companies that have axpertise in sedi

mentology, remote sensing, cartographic processing, regional exploration, 

and computer systems. Thus, both the U.S. govera .,t and U.S. pria:e 

sector may be able to help Morocco increase its geologic capabIl ici;. it is 
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further indicated stnort--term training of Moroccan geologists by 

the USGS would be of 5rear heLp In developing their e:pertise in ex

ploration research and map production. 

BOU AZZER COBALT DEPOSITS
 

From January 30 to Febnuary 5, 1982, geologic activities focussed
 

on the cobalt deposits in the Bou Azzer area. Work included briefings
 

ou the regional geology, Geolcic field traverses, and und(rground examination
 

of deposits. These activities were carried out to evaluate the potential
 

for finding additional cobalt in the Bou Azzer district. 

An asses meat of Bou Azzer's futere cobalt potential hinges largely on: 

1. The adeqvacy of geologic information and the attendant understanding
 

of the geologic set*--ing of- the ore deposits; and 

.ineral 

For this r....ason, se two points are evaluated separately below. 

Figure 2 s:hows some of the geologic and geogrhical features of the Bou 

Azzer district. 

2. The techniques usd in exploration. 

G__olovic se of the Bou Azzer mineralization
 

The geology and genesis of mineral deposits in the Bou Azzer area are
 

complex and controversial topics that have been the subject of numerous lengthy
 

works (for example: Gaudefroy, 1953; Coloubinow, 1956; Jouravsky et al, 1960;
 

Clavel. and Leblanc, 1969; Tchnoexport, 1969-1971; Routhier et al, 1970;
 

Leblanc, 1969, 19 73a, 1973b, 1981; Choubert et al 1974; Mlchard, 1976; Choubert
 

and Faure-MaureC, 1976; CJ.auer and Lebianc, 1977; Besson and Picot, 1978;
 

Vinogradova t al, 1980; Leblanc and Billaud, 1982). These studies and 

our observations identify the followring important geologic features. 
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L_.EHERALJZED SETTIIIG OF THIE Bl AZUEP UIPLIFt-

P4 / 
\/ / -,_______.zrr'/~ r' V" "--- I FkA-J-' 

/ / ./ / / //TAyLIANL, // 
/ .- / /I/ / / . , 
7i /
 

,,,r 
 / / / 

,N,_/ / . / / /" , 

Uplf 
 / / 

Out1inE Of the Bou Azzer 

Exposures o1fserpentine 

Figure 2. Generalized setting of th.? Bou Azzer uplift, Proterozoic 

rocks of the Bou Azzer uplift (left diagonals) contain 

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

are surrounded by younger cover rocks (blank). 



The Bou Azzer dUstric I! w ,q n ,. A,rd -r bwt.Fe,.1n chu nrti C. , of the 

o12 (Na)) ind the sinth partWest African Eburnean crit.an :_ " Mi n y.rw 

belt 680-55C 'a). uheminerali:tton in thisof the Pan-African orogenic 

district is associated with a dismembered, fragment of Precanmrian ocean 

crust (an onattite). "lore specificallv, cobalt is associated with serpentine
 

once '..as the lower part of a coherent succession of rocks
that probably 


that from bottom to top were tectonized peridotite, ultramafic cumulate, 

gabbro, diabase, and volcanics. Thin succession of rocks was emplaced 

on an old continental ,arin about 665 million years ago durta4 the najor 

Pan-African orogenic event (3-1 deforrnat bn). Suh'e'juent v, it was o'.erlain 

by a 1500 m thick detrital deposit (the Tiddiline Formatton) after which horst 

blocks of the ophiolite were exposed to erosion and weathering,-. de)rmed by 

the Last Pan-African event (615-3,0 Ma; 3-2 def.r):ation), covered tv a thick 

sequence of vol:anics and sediments, and aain bJ.ctj . to li hI folding 

and faiuiting ( Hercynian derformation). in recent ti.es the area has underjone 

rapid uplift alon, a rouqhlv east trendin ax.is that prnduced the ou 

Azzer uplift or -boutonniere', in dhich the Bou Azzer mining district is 

now exposed. 

result of this complex history is that the more plastic,An important 

serpentine-rich parts of the ophiolIte have moved into contact with a wide 

rocks. The Bou z:er .nnioite has thus teen iismntoeredvariety of other 

and is now similar to tectonized ophi ol ites found throughout the .orld. 

However, the extensive aLt eration ,f the serpentine at Bou Azzer, hich has 

resulted in the Mestrucwion of virtuaily aMl pri.,.irv structural ifeatures 

in the sernentine, -i not so common, and marks the Bou Azzer area as an 

unusually complicated and altered ophiolite complex. 
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All the 6) oc c k0 )' coalt Z ';i n the Bou Azzer district are in 

contact wi:h suerp nine. Mineral tZaton within these deposits, however, 

is almost never .ithLN serpentine instead i is in a distinctive silica

carbonate gange that is aloag the serpentine contact or within rocks 

immediately adjacent to the serpentine. Aecause the serpentine has moved 

into contact with a variety of rocks, mnineralizatlon can thus be found 

within rocks that are older, the some age, or younger thtan the ophiolite. 

On a rego-unal icale, serpenains ao e e:posed at tOe western end of 

the Bou Azzer upiic ce block, it is, thuLefore, in this region that most 

Farther to the east, the serpentinesof the cobal]t deposits have been found. 


are mostly covered by younger rccks, Although some buried deposits (for
 

example the androst deposiC) have been located in this area, much of this
 

covered area is not well explored and may contain additional and undiscovered
 

deposit
 

The cobalt deposits have a wide variety of shapes and sizes. Most 

thousand tons of ore containingeconomic deposits contain several hundred 

1.2 percent cobalt, 0.15 percent nickel, and 4.7 percent arsenic; of the 

larger deposLts, only two have produced over one million tons of ore.
 

Shapes or deposits range from lodes concentrated within crosscutting 

faults, to small veins, to rare low-gride pockets chat are localized along and 

conformable with the serpentine contact. Deposits seldem exceed 20 cm in 

thickness. Virtualiy all economic conentrationsof cobalt and associated 

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

structures. 



rhe mineralogy of the deposits is comple.z and varied. Most of the 

mineralization is in Co-Fe-Ni arsenides of which skutterudite, safflorite, 

rammelsbergite, loellingite, gersdarf:i., ard arsenoprite are the most 

abundant. Kinor amounts of chaicopyite, bornite, chalcocite, and molbdenite 

are also present. Erytherine is a common supergenc alteration mineral. 

The gangue is mostly- nqart;7 and calcite, but Mn-Fe dolomite, talc, magnesian 

chlorite-, and ierpentinu minerals are Locally p)resent. 

The silica-carbonate *angue that hosts the cobalt mineralization 

represents an important and poorly understood aspect of these deposits. 

This rock is made up of at least two lithic types. The first is a layered 

series of carbonates and jasper; the second is masslve and in places coarsely 

crystalline calcite and dolomite that commonly contains blocks or inclusions 

of the layered series. Both types occur in veins ,withir, a wide variety of 

rocks. However, they are minerali;:ed only where they ire near serpentine. 

Further, the important cobalt-arsenic mineralization is almost all within 

the coarseLv c rvscallLne carhonate phs, ,of the rock, althou;h minor amounts 

of" uneconomic sulfide mineralization may occur within parts of the layered 

roc k. 

Evaluation logic data and interpretati.ons 

There is a large volume of geoloC InformatLnn on the Wu Az.er region 

and the basic ,,eologic reLaLaoa ;whps are dell. known. In addition to r.hne 

excellent wo:k by CT qeo0oists (CTT is th company that oipera e- the Bonu 

Azzer deposits), the area has received extensive study by a variety of 



French 	 dslogisws and by a team of Soie: scentists (Technouxport). Geologic 

is generally good and the featuros associated with mineralizationmapping 

are wel.L establisled, Thus, further routine field eaminatlon in this 

area is nrxo1:/I v not wirranted-. 

The adequacy of the geol ic iWterpreLation of these relationships, 

however, is less clear. Despite the :xtensive study, it is our opinion 

that the origin of the cobalt deposits is still uncertain. Two genetic 

interpretations have been stressed in the past. Traditionally, these 

deposits have been considered to be of hydrotr.t.ma] origin developed by 

alteration of the serpentine during the B-2 and/or Hercvnian deformatfons 

(Jouravsky, 1952; Kr:utov, 1970; Garcia , 3.979), .r, c:centlv, Leblanc 

(1.981) has related the aineralization and its gangue to a weathering and 

cepositional event that precetded the 6-2 deformation. He postulates that 

the host for the mrniezalizatlon fomed as subarca sedimentary deposits 

laid do 	 n on serpenine and that later diageriesis and meteoric alteration 

enriched these rocks in cobalt. This Interpretation, thus, asserts that 

tWe deposits thus were stra'tbound concentrations developed on top of 

of serpentine and were then reconcentrated by later deformation. These 

contrasting interpr,tactlons are iaportanc as they may dtetermine the most 

effective method tor locating additional cobalt. For example, the first 

hypo .nesis may indicate that mineralization is localized in small areas of 

hydrothermal alLeracion, whereas Leblanc's hypothesis may indicate that 

the minerals may have formed along a widespread weathering surface. 
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During the few daysei field work wi thin the 3ou AzzaL district, we were 

unable to substantiate Leblanc's hypothesis that the silica-carbonate rock
 

and 	the cobalt ores were geneticallv tied to a weathering event. Our
 

tentative feln4 is that the hust rocks for tne ores probably formed as
 

an alteration rAn on serpentine as a result of movement of either
 

hvdrothermal or meteoric fluids, that this alteration process was
 

falilit te. b' the def'ormations to
.apace.d 	 which the serpentine has
 

been,subjected, and that faults which o" the surpentine provided
 

favorable sites into .hich these hydrothermal soluLtions could depisit
 

cobalt. Additional movements along these faults acted to remobilize 

and 	further concentrate much of this "ii.ineralination.
 

Clearlv, however, the origin ,f tha chi l_ e:.>os its is still not 

resolved and i.s a central problem in develop4n effeTct ie regional guides 

for iOciting addition.al deposit:.. Without a clear understanding of the 

oriain of the cobalt deposits, a hasi "Pl.' sand e:ploration program to 

find more ,cobat .LI not he po-s ','. 

The &A iLuwing arc some :f the kinds of additi)ua]. hasic work needed to 

understand these deposits, 

o 	 Study of light stable isotopes may determine the source of 

the fluids which deposited thu minerals; 

o 	 Fluid-inclusion studios could determin, the temperature of ore
 

depositic;,
 

* 	 .Rad.i.ecrcin, o u , d, tre mine the age of mLrior. i;mation; ]n 

o 	 Systeraric study of the chemical and rn.nerogic ,oning; of the 

mineralized veins may determine the history of ore deposition. 

11 

http:addition.al


In addition to developing a more clearly focussed pr rarifor cobalt
 

explorition, the studY of the temperature of ore deposition, chemistry
 

of mineralization, and origin of mineralizing fluids might reveal 
systematic 

patternis of mineralization .i.thin the Bou Azzer district which could 

either define the lKmits of ore deposit fonmation or show where mineralization
 

may occur in areas chat nave nor yet been exa.rined. 

Evaluation of the adecuacy -f exploration in the Bou Azzer area 

Exploration for cobalt in the Bou Azzer reion has been intensive. In
 

addition to the 
 work done b'; C , a 2-yezir argram sponsored by the Soviet
 

Union extensival! sampald and drilled 
 much , the western part of this 

district (Technoexport, 1969-1971). Explora,:ion has 
mostly used a c6mbination
 

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

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

by either geelog Haapuing or aeronadnecic surveys (seupertine shows a 

good aeromagnetic anomaly). 
 Faults .ere then identified b- either mapping, 

aeromagnevic patterns, or other geoph/sicai surveys. -fineraLization was 

located by geochemical 
rock sampling, electrical anoaalies, and by drilling.
 

The exposed parts of the serpentine have been extensively explored. 

Thus chances for finding additional Large, near-surrace ore Jeposits 

have been considerably reduced. However, it is Impo rtant to note that 

veins associated ".ith economic deposits are commonly very small (generally 

less than I a thick) ind may be easily mhissed. Thus, the us 

of some new exploracion techniques may locate deposits in already prospected 

areas. Further considerable potential exists for finding deposits in areas 
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where serpent:n2 is no.w c ,.'-,- . . ,cks 

We believe that use of the follOWiVLg Lechniques may help identify 

cobalt deposits:
 

this type is
1. 	Geochemical stream-sediment sampling. Sampling of 


by private
the cornerstone of 	much of the exploration carried out 

most of the l nd asse-; sr.e;t pror.ms conductedU.S. ca ni.c and 

by the United States Government. It has repeatedly been shown 

to be an effective exploration tool in arid cl.imates where there 

been much eolian transport. It has been repeatedly andhas not 


Mexico where thesuccessfully used 	 in parts of Arizona and Newa 

climate, physiography, so£l cover, drainage, and geology is similar
 

to conditions found at hou Azzer. Sampling or th is type has not been 

,suchampl ing is superior todone in the Bou .zzcr area, c.'en hough 

as,_.en u522 regionthe rock geochemistry method ,at 	 in :1i.s in 

its ability to detect mineraltwi n ov-r large areas. Further, the 

method can be adapted C) low e Apecir. : s i.ce -.ih!c reasing 

the size of dratnago areas from w':ch sampie., ire taken.
 

in man; cises, it may also tect brie i dOpaslt; where faults 

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

Svstematc sap i io stream s-'i.ent; ma- aUinkw' idei if chemical 

anomalies which nerit furtre, eva].uai . Sampl.es should he analyzed 

for a O r&n; : :'", y, .' - (31-"el ,( t ', 

an yr;i,-a 	 "yd ! p ' 2a iSL-:a,.tn- ' A.iL 11"
"pat& M tr-'(:w'#7c.'ezis trd nio: i}nv 	 LY 


deposit (for example: Q, , B , o Addi tioi .', A 	 h.,-inral 

fraction of the sampiu shouLd he oxaminetd for ":dcator" 	 mincerals 
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3 

r ..n .1.".•:'es....''.hal:, 


.reas ,.4hich are 	 known tostreama sedment.s e:e co L3ec.ed over 

AI be analyzed 	in
be e.i,,her mi lao barren. The se samples W;. 

servethe laboratorizs of the U.S. Geological Survey and will 

as an orienat. s*ur-vey whi.ch may show the usefulness of this 

samplit c ,.:L,-' ,-,aaI.
 

2. Airborne geophyccal surveys on closely spaced flight lines may
 

identify 	 ecv:i.a aomalies in deeply bur'i ed rocks or ,.v show 

for m..inerali. ation.che pres;ence n n W ,:onized230is favorable 

With thae: :'.., o:f the angnetic surv.ys, all geophysical 

wor. has been 1)v uind.surv, A ta has an]ay had a relatively 

orovide quick, relai:ivelyshallow ,enect:.rnt ion. A..8'var 4ork may 

... :a-. .;o ",c greater deoths thanbeen cov.rH1 

previous n..niN su>rvey; 

Remt:.e sens.n.. . :8.22.,cS :ay 5e valuable in idnentifyin fault or 

shear ac >cs. )S1hnic Te..iuras chat i diunciff7 v these zoo'as mayv be 

detected bv i -*re phio,og;r.aphyv, side-Laoi.<ng r.dar, or ocher 

airborne >v5n-. n.; e. S. an examplC e, LeaZWivaIon of faultsou',s:8 	 As 

s may praca ate trac es throughassociated '.in a a....d:c M 


fractured
the overlyin; cave. "After " heavy rain, t.use 


zones may be -,:ce:U:w o.n arc,. pioraphs,
 

Landsat images wore ocaIned for the Tou Azzer area in order Co 

evaiuat teM0 usC1"ul'. e:s:5 ir f"n.ll nc, Je~po i:s. On the images 

areas V s-era:x'ie sho'w' i.n a lisaintse- OILue-green color. 
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However, g.olugic mappi, in this area has been so complete that 

the Landsat images do not show any new serpentine areas. Further, 

the size of the cobalt deposits is such that individual deposits 

are probably smaller than the reolutton of these satellite
 

images. Thus Landsat images probably would not be helpful in
 

locating specific target areas.
 

4. 	Vegetation that is "stressed" often differs it.size, color, and 

other characteristic features from "unstressed" vegetation. Traces 

of cobalt and arsenic in the soii near mineralization may- effect 

the growth of plants and thus provide a "stress" environment. 

Plants in these areas may thus act as a guide to locating mineralization, 

Although mostly carried out in areas having extensive plant 

cover, exploration using "stressed" vegetation in areas of 

sparse vegetation should also be possible. Consideration should 

therefore be given to using differences in vegetation as a 

prospecting guide to locate cobalt. Particularly, recent advances 

that allow one to measure the "stressed" condition of individual 

plants with a hand-held radiometer should be investigated. 

5. 	Hercury sensing devices have been used in some exploration programs, 

Although a somewhat cumbersome technique, this may be a useful approach 

if the cobalt deposits can he shown to be associated with mercury. 

6. 	A less conventional approach to finding more cobalt would be to
 

train dogs to locate arsenic minerals. As odd as this may seem, 

exploration by means of dogs that locate sulfide ore has been highly 

successful in Sweden where glaciation has covered most ore deposits. 

A similar program, with dogs trainc4 to find arsenic ores, may be 

successful in the Bou Azzer area.
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The Bou .O\z:er area is y l:lal,/well knowcn. Thus additional routine 

0eologic M'arvin' studio.s ar'e nn neudeJ in this ar-ea. 

Ozer area as cuc.lia 

probably _p 'hired . geologic history 

2. 	 Mineraliz:..in n .o ' "e i e with sorpenlines that 

ophiali The comnple;x 

.schin ira has re lmu d Q altaranton of this dismembered ophiolite so 

that it is n.ow, v iruuailyiw quaxij* This in t'urn :. adICa te_ that the 

co"aR.. r a.. a: ror-:--41t - 0 2ue. Thus, much.ine .. .. Lou i 

of the .ora an larneu from oher coba,,:I deposi. s any not directly 

apply to r :

3. 	The economic mineralizaloa Ls associated with serpentine, is in a
 

VI.Ai-crhonaro rack. and is conrontrrat:cad in faults. At present, these 

are che rayc :a jorc'. ; to finding ore. 

4. 	The manner W: ' de,-Ion i.snot 'al vnnderscc:i-. Until there is a better 

unes pand inir nhe oce - ' ca~ .r NiOFe AeposIts_will 

c a:,.. .. 7. A,.Lc. remarc. m ... 	 L tsopic 

':
 , .ni d a> ; shoeI ,.r.ns-a' mln2ralizazion, 

rela'ion.hipi omet,..n minA.'..ar.Ion anmd the faul nructurnes and the 

relacionshp o:: ,-:. tooLLat.rrae lia-carboa.2te hosr L well 

composi r ons, ' cO a wyi n .-h',, ::Aot 

h 	 as 

as reveal..ng how the deposits formed. These data , in turn, could more 

effc(-tti i.vel W Is'.x r on .C: 	 , r to, ai:s (o)ther tarse-s 

5. 	 The carbocaoc'.s", . .k " GHa-ctcikatd ,.rh .he serpenrt:ine is host to
 

the c-b'- "epo ; a clearly to
iz. iil is coettral understanding 

how these daposits formed and where ther' dep'oniic can be found. 
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ci hins rn.,!1atc's "ypothes"
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visit was made to the Bleida copperOn February 4, 1982 a gologic 

deposit. Both underground and surface axposures were examined. The 

and coaclusions as well. as synthesizesfollowing sunarizes our observations 
by Leblanc and Billaud (1978).some 	 of tte infomarion, presented on this deposit 

uImmnarv o r 

The 3I.i.l d.oosit ccnsists of two majcr ore bodies. They are both 

located near t:h contact between underlying. volcanic rocks and overlying 

felsicsedin nL?-. rock. T 'huvolcanic, are mostly a mixod seqtwnca of 

and nWaLc rocks. Toward the top of the volcanic pile are a number of. 

arefacoc; lua rtzt ineyer- that contain some ba,.'ce These layers 

and robably are exhaliteiireczly associated 'izh c:o)ner minerals 

0yers p2racQoUL.A-Cni fron nearby" v-lair n . vents. The sedimentary sequence 

,nA= overlIesn: e. p: ci .. to<Amsnos i r.ey'wacke and sil-:stone, and minor 

V01WHnC inceriy~'os, 

The cichest inaeraliza.:n is concentrated in faults into which 

Away from these faults, the deposits arethe minerals have teen mobil izcd 

:Wriaer- s:aarbound , chat Ls, the mineralizat ion is conformable with the 

L ak 	 layering 

UeKda is AnLarl' a volcano-s'edimencary copper deposit. The features that 

are diagnostic of .his deposit are its. ) occurrence in a series of 

fesIc ud mafJic voican:Ics, 2) association wi th sediments that probably 

;ere cIagositd aS cheat:: ln. r;:r_1ad a l.ayers (y-as rich in silica or 

barium), 3) association wiAnydrother2TAly ,la-.red aluminum-rich rock 

layers f andaitsite and ccrdil-u: 3chLYLtS,), and 4) a chalcooyrite-pyrite 

s inc,al og7 (no zinc or lend ) . The,. f"acur-r :, .rw also found in many 
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,,o. v l..:o-s dime.tarv copper ip os.a s ,.,:w. re in the wrld. 

An import nt characteristic of these deposits Ls chat many occur at a 

well def toed saratiraohic horizon along whfch several zones )f mineralization 

are present:. Leblanc's 1941 regional map shCws several oche r areas of 

copper mineralization that apparen.L- lie in the same s t ta. L rap hiu zone 

aS the &PUSLitt, we not the e.:plorition;Kieida but have determined extert of 

.n.=' these shorins, 

We feel. that nhe above geologic information indicated that excellent 

potential exists for addi.tional undiscovered copper miaerai Vation in the 

Baiada Such deposits are often easilylregion.found by airborne magnetic 

anad eleccroma, netic survcvs. CTT is apparentLv planning such surveys. Cl.early, 

this area has much further potential and, if CCT is interested in partnerships, 

..ould represent an area .here U.S. private concerns may wish to become 

act ive. 

SIRO'UA RECIO; C1bL\ OCCU RENCES 

The Siroua uplift is located apprzinatel WLVkm west f Bou Azzer. 

This region shares a number of eo loicir sim-larcies wich Eke iou A:zzer 

irea, including nhe evis.t c n_.e of some serp .nc :e bdie.s that are believed 

to be part of a Precambrian ophWo it. This uplift is thus considered 

co be. an extensioa of the heLt f rocks exposed in the Bou 0zzer uplift. 

in addit ion to hov ing geology that is stmilat to the ho, Az::er region, the 

-ftroua ar-a also contailas some cobal: .m..nera] izaion. After the deposits of 

Kol Azzer r hse ; OEo.cobalt LO important Prospectsh;Oinq , "esetc YOi;M cohait 

in Mor cco ., ;- .:eso- L. taro . : !. ';:;a miai'. .c. -erin. 

veins ,ithLn the Sir:ua area (locactons on rig . 
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the town of Taliouine
northeast of
Several cobait-bearil4 veins crop out 


(south Morocco Lambert map coordinates X - 271.4, Y = 403.35) and about 2 km
 

the several cobalt localities
 south of the small village of iferghane. Of 


in this area, only one was examined in detail.
 

cuts
 
A carbonate vein, enplaced within a north-trending normal fault, 


the imerlech formation and ahosed sediments ofhighly deformed and metamor 

dtorit, which intrudes and encloses blocks of that formation. The vein is 

only a few centimeters wide and shows visible miner:iization over a vertical
 

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

This vein has been explored by
of Lalena.
and chalcopyritce with traces 


5 levels.
small "nderground ,orkings at 


iimilar in age and mineralogy
The cobalt mineralization at Iferyghane is 

and generai setting (it is located near the axis (predominancly arsenldes) 

of a large block uplift) to the mineralization at 3ou \zzer. oweve , it 

Azzer deposits in that ser.entine is not 
differs markedly from the Bou 


associated with the vein. 

inki 

the Siroua uplift (X = 295.5,
The Inki prospect on the east edge of 


is another cobalt locality.
Lambert south Morocco coordinates
Y = 419.7; 


for Rin informato :n available,
Unlike the I ferghane deposit, Little i 

has been Cote sub ,cL O f axtfensive * .d: c c oficans
this occurr-ence 


. .
trenching, an, . eoch:e q.: I keporo- .,Li.n 

.WC,oPa f2 atU w K.I Kfi:a;:'Q i A>othe results :fh~ .so."-

The vein occurs in a north trending faul: which cuts a seri:es of meta-
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sa:,da ncs and siluttoes ,f the !i.', ?r.:.; ,n .iitL 2 , , .. iso 

present is a younger series of dioriso lik',es vh.ch cut both the fault and 

the metasediments and which appears to he spatially associated with the 

mineralization, is mostly cobalt-bearing arsenopyrite, pyrite, and chalcopyrite. 

The vein is exposed over approximately 300 m and is commonly from I to 

3 m thick. 

Surmar; and conclusions 

The cobalt veins exposed at ifergha ne and [nki are probably 

not of economic interest. Howaver, ne feel that they indicate that 

addit onai cobalt mineralization may exist in the Siroua area. These 

prospects are in a geologto block that probably is an extension of the 

rocks exposed at Bou Azzer. 

Although the geolo4y Df the cobalt veins at [Herghane .and IOki is very 

different than that associated witA the Bou Azzer deposits, some similarities 

between the two areas are p:.asent and may suggest that the two types of 

mineralization are related. At iferqhane, the host f r thu mineraiization 

is a carbonate vein coat ;p::ears to he identical to ttie in'li:ed veins at ,,u 

Ozer: it W!ki , the conalt miur;ilizaion in .nsoiacc1 witlh hi'h concentrations 

of Cu, Xi, and No , a jeoche-.icas l associa son tha is also presen at Bou Azzer. 

If a geneti: link between the 9ou Azzer and SirnttA mi:eralization exists 

(for example., the Siroua ve in may repra sent Bou Azze, de.pos: t ha have 

been remobhlized by later diahasic incrusions), rlhen th serpenrinQ bodies 

known to exist inI the M r.na Re .n may be , an.,ited ai th m.co,.'i L .. o.1 Cs 

: the Thu - wt.r tVc~e. 

The mineral potential of the Siroua area is poorly known, but we feel it 

is a favorable area for additional cobalt mineralization as well as for 
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deposits of other metals. We suggest that reg4onal geochermical stream 

sediment studies be carried ouc: to locate target areas worthy of more 

detailed studies. We view the Siroua area as a gor region for further 

exploration and a region in which U.S. exploration companies night wish 

to become active. 
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oroccoof U.S.G.S. activities inSummary 

1-27-82 

i-23-82 

Meetings in Rabat with U.S. Embassy and staff of BRP,i 

Mentings in Rabat with staff of BRPM, the Moroccan geological 

survey, and ohe Diroctor General of BRFM. 

L-A-32 

1-30-82 

1-31-82 

In ti'ansic to Bou Az;er 

Arrive at Eou Azzer. Neet With C.T.T. geologints a:nd 

briefing on the geology of the Bou Azzer deposits. 

Examined geologic relationships at deposits Ahmbed I, 

receive 

Ahmbed 2, 

2-1-82 

and Ahmbed 3. 

Traverse the Bou Azzer ophiolite complex at Ait Ahmlane. Examine 

cobalt deposits vein 58 and vein 53E in the Ait Ahmane arel. 

Collect represenc itive samples tlhrough the opikiolite and at these 

2-2-82 

two ore deposits. Traverse t.rough par-s of the vo:.osed ientary 

sequence that overlies the ophnolite ,o thne north of Att A mane. 

Underground and surface examinio t i n or golog 7 ind : i2ra&::ation 

at the vein 61 deposit. Oscns ;',.i ,:,i:K.nod ar.a tdjacent rto Bou 

Azzer east depotit; Foose examined workings and geologic relation

2-3-82 

ships at the Ahmbed 3 deposit. 

Underg-ound and surfa,,e .r.1 t on of the 

of the Tamdrost deposit:. Surf 3ce axaitn:i 

g eo%.'gy and ,iineralizat-in 

on of \,olcano-seditnentary 

rockR neir in> x' llop: Gf Tidal irt: 

7>.-4-82 Und-: -oo:nd and s drfce.ltti ,, rhe PA a,!a cotxen," 2.ui o'h. 

at tY east edge of the Bou Azz;er uplift. 

1-i 



2--5-82 St an sod im ! 1_ . w If, .:over 1r c, I area which Inc ildes areas 

both known Co be Vilk.ral.zud rind to be ano Sa.ples collected 

to be analyzed by the U.S. Geological Survey and are meant to 

e raonstrate the usefulness of stream sediment sampling in a 

regional exploratifon program in the Bou Azzer area. Preparation 

of report on geologic findings. 

2-6-82 Preparation of reports plus social gathering with C.T.T. company 

officials at Ble~da 

2-7--82d ox.namation of the Iferghane cobalt occrrence 

within the southern part of the Siroua uplifted block. 

2-8-82 Field examinati,)n on the Inki cobalt occurrence within the eastern 

part of thne Siroua uplifted block. 

2-9-82 Visit to the iini naagaacoe :nine. Examine some ore processing 

i--:e ock oxpoures. in transit to Rabat 

2-10-82 In transit toIL at... .rrve in Rabat ind unload samples and 

equipment. 

2-11-82 Pack and mail rock saaples. Met with U.S. Embassy officials 

and with members of B.R.PM. to report findings. 

2-12-82 'Meeting with Director General of B.R.P.M. Final meetings with 

members of U.S. Embassy. 

2-1"-82 Left Rabat travel via Paris to U.S. 
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cl -": tr)!s s iini.eres , mintn? projects3ureau of Ruchorche, et 

mnder consideration (uneciited summary Litsting of projects which PM 

like outside assistance in developing).would 
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I~~ T, pCINE R4Lp . . 

The kine.,ic-xL of '-Ior :*cco ~siJt-riIn6 s vz"3 Terri tory
 
carrieg Lxei~c Of conomic rioenra I depos its.
h:AI-COc Q:.c~. 

Thub2'c:;iefrh:rcc'c. by '.L v~lrie-d ,.eLilogic
 
c:n.oi crs c:the cocunc r,
 

Szta: tin-- :rc:) i -cjh towa~zrds Ncrch, Morrocco forms a 
part of thL WcS[ ii't ShIivld f~oi.vcdb heA i-~a zone which has been 
affected by r-3iy succ..:.;sivc FrLz-Coci;,rian C-Lu&±tnie act~vities. 

7hese movc~c~emfnL,: veru Laken ov,?r by the Calc-dcnio.n 
orogeny which bhas Icft 'v :'-pc'rs
 

Th- --cxt. , tic ,KrcynTUr ior.ritions are wvciely distributed 
in Mloroccco. 

.,~re-Alpirnv Cj-ru'Cc Ovet ;aVe rise to Lhe High -*tins and 
,,he Kiddic Azlz rgsI 

The northern par-, of Moroccc Qnds up with LhE. Alpine 
Crogeny.
 

Gcochroii o,%ic studies have dciaonscraeed =any rejuvenations 
particularly in the Precamnbrian areas. These re-j u-venatinF, proces~es indicate 
reactivation -rcdjcing rczolbiliz. Lion of mnet-alJlic clemnents. 
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TEC O? C EFECTS
 

Besidcs numerous faults, there are a number of discordarce:
 
in the country, namcly the Ant4 -Atlas 'cGeat fault and the South Atlas
 
Thrust, as well as many Protorifts.
 

LITHOLOGIC VARIATION
 

Morocco inherits very diversified lithologic sequences
 
favourable for t.he fornz-cion of ore deposits intrinsically as well as due
 
to their g-ochcmical, chemizal and geologic properties.
 

There are virtually all rock types in Morocco :'granites,
 
rhyolites, diorites, trachytes, andesices, trochtolites, ultrabasics, serper
 
nus, syenites, carbonatites, limestones, dolor-ites, copglomcrates, sandstone
 

nea1 UZ1.Bai lilC5 a clinyS etc .......
 

GEOCHEI C.L DI SPERSION
 

The known mineral occurrences in Morocco display a very
 
large geochmical spuctruta which indicates an interdependence amcng these
 
element In fact, there are deposits of, Pb, Zn, Cu, Fe, Mn, Sb, Au, W; Sn,
 
Mo, P, F, Ba, lignite, Coal, Oil Shales, etc ...... in the country. In view
 
of this lroac t:oci,amical spectrm there is a strong przbbility of disco
vering hh:her:o .nknown deposits.
 

GITCLOGIC EETTING 

Various mezallcgcnic processes are chzracterizcd by ony
 
different -ype of deposits, such as dessiainated, vein, volcandetritic, 
sedimentary, Karst, pyrometasoratic deposits and so on. This shows a whele 
range of mineralizing conditions and host rocks.
 

IMPORTANCE OF ORE DEPOSITS OF MOROCCO
 

Morocco is reputed for its world ranking deposits, such
 
as those of phosphates, lead - zinc and Oil Shales. A recent discovery 
of copper deposit adds to this list. The chances of discovering other world 
ranking ore deposits in the vast metallogenic provinces of Morocco cannot 
be ruled out.
 

II. "XVN7RAL PROSPECTS or THE KI":GDOM OF MOROCCO 

- "'cologic studies 

There is a hiph quality infrastructure for geologic
 
studies rgani:cd and conducted by the Directorate of Geology.
 

The oranization has produced excellent geologic maps
 
at difftEra.t scales, 3eophysiccl maps (=L,. etic and gravity), metallogenic
 
tzaps, b2.bliotraphic and compilation studies and numerous publications as
 
well a.= " has a well equipped laboratory.
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-neral ve opner c 

Th miar:l ,i tt r is carricd out y, a reputed 

or tanizzerion, t.ire-u . rc'h:rch Lz('t 1,,P.1rticipations M"ini re (B,R.P.M.) 

which is competenc to c'r .0 -111 , ti .'ities contributing to the mineral 

eNplcration and devc-o1pent in thhc.. country, as well as to undcrtake explora;
 

tory work for other parciis.
 

As a 1tcCUr of fact, this'orsanization possesses advanced 

know-how acquired for over 50 years, and a solid infrastructure for Lhe 

execution of drilling, exploratory ond mining opcrations, laboratory analynis
 

and mineral treatmcnt ind ,etollurgical t~eting.
 

- St.tus Of ,-i-,eral exrloration
 

.Ithcu-h closic vtudies are very advanced in Morocco, the
 

mincr;;l e.,:,plo.rtion activity is still lagging1 hence there is scope for
 

finding ew depo..its. I: shc, id be :;ntioned that large sc.le mineral explora

tion programs are essentially carried out by the BR.P.M. The various mining
 

companies have been cc'fincd since the bcginning of the new phase of mineral
 

exploration only to thcir rnin vencures.
 

- In fr:ructurc of the country 

An :r,.ructre is vital to the development of mineral
 

3. spread throughout
rcslurcuc ,,* c.itry. 1T.h~s vvry ,;vll developed and is 

the reunifycr) ' k-s bea t,:ua incLeasing. The exist(:nce of a lead 

suel:e=r in ,-E f h :u,'.try ..t.u1La nd the proposed lead and copper 

.:1.teS. r rat>. i:rcly are worth mentioning as a part of. , 
the rc ul "r ir.;, ruc~urv 

n:':nel l_'b.)r
- ".r: , force
 

Vorcc,' :!.-:hzri=: a )~i; !:,ifig tradition. It possesses a skil

ful and in-pLt. izri'... .. c. ,., p .i' l have received practical train

ing and ox7ericnzz on th.: ziL,.. Vicr: arc a number of techaical institutions 

in N.Mrocco a ih f," 

~ ~ 'X'~:nenieures 
- E.'!, !"tioalu d.s Industries 1Uni~res 

-

- E."1e t' '. ' h 

:Th~~h'.i 1 " !L.CC_'J s liberal. Exploration licenses,c. 


for mirn.ra'r )th,.r c a v'.o*.0 .is, oil -nd uranium are granted to the first 

applicant, on th-z f. : '. r.£" sn.'e basis. 

•
As r ur-ni , t'': c-n:cJ-cn is grant d by the Mines 

Dircctur : , of Cziutac fh..ncial and technical capabilities of the . hc. 
app±c2nt.
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7h:.:r.... . n.McY .yconstitut-e a fund for Development of
 

the deposit, out oE 1,Lrfte l froM ta,IX f'r doviopineg add-ticna1
 
reserves or to carry cu: furcher c:.:ploration in ocer fields or to participate
 
in improvin , the quanti:y or the q lity of the ore.
 

III. STATE I:1CE'71:r - ' ' ST.Z ;T IThULES 

The state has always sought to attract private investments
 
by laying do%., such Inve .tantrules as to provide certain b~nefits and
 

guarantee :',
 

As stich, new le!ilative provisions stipulating clauses so
 
as to' induce priv,-.te capitil c;ere introduced cn.August 13, 1973.
 

These clu.:es have been dirw up in a spitit of efficient and
auLO,-atic i in ;r'n:rn. ro:tErs the provia! so as to simplify 

their wcr- to the ma-inutc. 

Furth r:ore, co.tidce investten in ×Florition, e 
mining and enriching of ores, .he mioing aencies en '.)y ccrt.ain benefits under 
the Lerms laid dIo;n in tba , hir (Official Decr2e) prcrc;].igiing the Act N0 

173412 date.d 13 th Ausuc: 19)73, 

The .-- .inc:al tubstance stands for all riinerali except 
phsp.3tes and liquir, -_cous and solid hydroci.rbons e th-. biL-minc'.Z 
3hales ant 1!, 

The ,., xit-nS a.,:ncics means an individi, 1 of MXroccan 
n,.i:~onali...., .- i; .czt.:!.(.{a ,u " ic nc ir ec Zlized in :h. fic' 
0: rinerc! Lit:: a and niC;s, least 7 c:f,ic2'- rmininr tivcies co. a 50 
wrrsz- ':.pi C:: . ,1 1>roccan or 'bodies who'L'2 inl ic.duals corpCrate are
au:horized tc cart- c-1. e"-poration, '.inin and benficializn of mineral subs

tanr s i n , fi- C'0'... : conf o r.ng to the mining laws in "orce. 

71,r; mincn :agncies, thfcir ccn:racors i.:hose capital invest
men-.. incl. '. . ora .. .nd tninine equipment of a .ax free price of 100,000 
D1 woId be en-iLIAd to iv following benefits Lither directly or through 
the organi a:'a.iL "crdit bni!"f. 

Exsc.tion from ('..ty on neo' equipment, tools and rachie'y and used cquipment. 
import %f which i.. a1W,',,. by the 'Ministcr of Energy and Mines. 

- Exer:p:ion fr.'m duty on '-1hcuipment, tools and raterial imported or purchancd 
loc'.lly,
 

- Reducton o. ,.ist'-.:ion tax to 0,5 % for constituting or enhancing the c.apir; 

- Complete: .'r;ic.. r-, Licnsting ax for the first five consecutive years 
of mining D'-eratic-. 

- Stat e c 'I ri uLi., r:. r6s ; '.,nfr:2rc t- :c.. 

http:priv,-.te


.n.. -. u. Th. . vh. n. xd in the development, tini,3 
n .n . r-ficiation of miner l uibstncL ,-,itd whoe inv estment program inclu des 

:.iuca . C . E .: v..u, (5.,C crcaiing c.-st 5CI -n t In IODH, at 
e-'mployrent are entited to state ar"atanca. 

This would relate to cxpenditure on infrastructure ontside the 
domain of mining operation. The infrastructure includes connection to the 
highways and to the water supply, interconnection to the wain Power line, 
c.onstruccing and furnishing educational and health centers. 

The sL.Ite contribution in the form of the infrastructure is 
equal to 50 %of the total ex:perdituto incurred, in a :-nner, however, chat 

,his ccn.rib.,t.ion ees n.t exceed 15 't of the total investment planned. 

- Red'cticn of intere.r by twz percent on the loans accorded 

- ?rovisions concero ina forEiSn exchange Regulations 

The rL.:ttance of che proceeds of liquidation sale is guaran 
t~ed to the e-:tcnt of/funds inve-tcl by a foreigncr. 

The r(.'itcance of &,viecnds after income Lax deductions 
. ' .t' .distributc-d t the n rr ino guar:'nteed without lir'J.t. 

. .. . ZO.NES :;. ....-. '(,R IC TEr.AL EXPLOR.AT:QN 

.%,p r CF - 111. 

This rer icn is particularly pro=ising fcr iron, copper 
and uranim depo;;ics. 

- ANT! A\TLA: 

This is the most p~oc-_isine zcne lor ccpper, silver, cobalt, 
gold, uraniuc, lead, Li.nc and i-on deposit 

- ItERCYhNLAN zo:ES 

Occurrences of silvur bearing lead, zin, antiwny, tungstr-n, 
tin, uraiium, fluorit_ ;.nd barytts arc known in these zones. 

- ATL'kS A 'D HTGI! PL4TEAU ZONES 

These ro;io. c have ::c,.-!Icuc host rocks for lead and Zinc 
deposits. 

- R.F ZOi 

Thi's is a prospective zone for lesd, zinc, antimony, mercury, 
nicked and -aga.zsit. deposits. 
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project tiC.le
 

Adnin is tra C1i rvlcu
 

lbject R c-sr;iV ~f 

ml, Ecn. L~Io 0tcht0 Tro cct wII al1low chc d evebpm.int, 

'Df a col'r~ilc L~' t The toL-:1. rcstnves- -:zcunc to hisher than. 3 

million tons wi;th tho ialwi. r:dcs 

- 4 -IT A. 

urickr a first phasc onkly tht' Lcnuozic41ly exploitaL3.Q rc-scrvces could be cXovc

lo7 ed at a yr c.pncity of f'-4COO tcns allcwi.ng Pthc recovery :-f about 

40~D ML~~ .c&~icrnr~itud nl 6ulcing 40 7. of copperc~nd 3C ;,/T of -;l'v 

F i't t s0uc22 r 

-ink loans. 

?c'ssibilitics eflassociitic-n :to be defi~ned with BR.P.M. 

Expcnitu~ :cnule housand DH). 
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YEAIR I r	 I 

3 	 I C, 1 '3 5 D9 1 	 I 

I i 1 I 	 1 1 

I Amount ! 14.,5 -C I ,,Cj I 8 !XO I 12 67,! 12 475 1 5 00C153 550 , 
t I I I I r I 

I I !I 	 I I I I 

Pro i ect pr2.~S 

Thc 	 coDrleted fasibility studies justify the devclopment of 

thLs deposit. Vcrk completed up to now represents 27 7.of the whole project.
 

Emplcv-ment .cncr- tced 150 

C-2sh fl.ow Estimat (Thousand DH).
 

r 	 T I P.. 5 I PE,/8.IOD 1986/9C 

I ___________ 	 I ib '5 1 

Turn uv 	 I - 52 90 I 117 610 

I 	 Expenditure - 25 6 50 041 

Cas I I 

SCash flow I - I 37 212 I 67 569 

' I 	 I 

[ 	 _ _ _ _ _ _ _ _ _ _ I 



Adrnin~scraiv ; Sov ,(e' EJ-( ACH~iDL 

Object and descri-cOn cf thc or')2ct 

'The i-plcmentanwn of che pLoject will allow the develop-

Ment of a poIvIMn- L1liC deposit. The ntot- esti!.2ted rCSerVes amount -o 

5 million tons, wich the following grades 

- 1,3 % Pb 
5 Zn 

150 o/T Ag 

3 g/T Au 

- 38 7. S. 

p-.[,ojiuzcad1 c-zpacLIy production ur, d.:r c fi rs t ;:hase 

t~il be C rCC ta:ns (of raw materials) per year which could be rapidly 

Finan s ue 

- GA'ern-ent budget 

- £B.nk lot-s 
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DH 42 rniIIi or. (for C-11,fi.PhQsea). 

YEA FBE 0tE f LY 81 1921983TQB 

-iAzut 10 (;"oO 3 ") IC 17 100 11 600 1BI4 0(C 

Pro-'.ctcs 

MCthE 

r 

Th.-f~iit 

!VC 1o-PLt Lf th-Z 

,tuudi..s hav'e bc-en :lIre2dy 

p~rcjEt is profin'ble. 

c.-r,plctcd. Tht-y show 

t7poycn cc 1~~20 undLr thc. first phaSL. 
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Pro.ect tiolec : ZRrHINA 

Administrative provinc~e: KHENIFRA (Hiddle Atlas) 

Object and description of t-h Pr.o _t
 

The ieZCn1.:fn ox the proj¢cc gliall alow t1he dcvclopmenc 

of a fluorine deposit. The total reserves amount Lo one (I) million cons 

contaiinQ 

-31 7.CaF 2 

- 10 76 7.Ba SO4
 

- 1,83 7,Pb
 

- 63 z/T A.
 

- 0,60 7. Zn 

.n the first phase, the production -. 'Ld a.zunt tc 70,0CC T/vear yieldin

1400 T/year concentrates concainin, A : 2 k/t ; Pb 65 

3500 7/year of concentrated bav-tes at ;5 7 5aSO4 . 
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__ __ __ __ __ __ 

Financinf, source-s 

CocctmL'i~ b., ',
 

Ban:ak ''s. 

Exn~itur s.-duc : (DH million). 

I 	 I I I I ! 1 

YE!, I :LFOc0E 31 1982 1 13 3 1'7'84 1 1985 ToLc 
* 	 lC ________ . I I ,I, 

I 	 I . I 
nu. _50 I'.. >7 5. I l 23~C0 6!.f0 64002 I "¢I ? 3 CT nI 

'cEC 	t ;: :¢ : 

. : 	.f3'sI: L:iLS compl'eed up to now shi.:wu, 

t.,azt~~~~~~~ .: <p~iab ~th cm:; loi ed. 

Ca:sh 	f st ,.atc : '.Thousand) 

I 	 I 
PERIC'D 19U'/83 19S4/85 1986/90
 

I Turm over I 50.326 I 148.151 
I I 

1 Expt-ai tu rs I -	 31. 679 I 100.569 

I 	 ,
 

I Cash flow I-	 I 16 647 47.582 
I 	 I 



Project title : The central leac' smelter (FONDEI-E CENTRALE DE PLOB - F.C.P. 

Adminis... e :Hi " . ,0zin 

Objet and descrzi.Fci no O 

better developmcr.The s -ZLint; up of this sizelter will allow a 

of c.)nccntr.-.cd i'ad *- ,;chiM.Lrocco is sin-ce a lcnj tirie a =.jor pr, ucv 

later "trealtL.arId cxporcr. ik.ad will be -xpovted in the first phase, and 

in Fzrocco as .nishd ?roduct in the sccnd pVase. 

of concentrates ccntair.The srwelter ''ill handle I05.0CC T!year 

ing 68,8 7 lead, with silver an copp2r as ty products. 11 will produce about 

70 CO0 T/year of soft lead, ',0 OO k3/y.r of fine silver and 560 tons of 

45 7. copper concent:r51ts. 

.tretn nt will '.2 s.rried out acondint to a 

A*:2c cr' reastin;, a er c'. t tank kiln reducing '-,sla 

and pyro-l rcicaLu adin , . All -,he ti-plution dvices at che wor. 

, -_ ,
si.e have been envS.ud ,osor o -he standards applied in the indu7-r 

a!ized Countries. 

The analysis of the cacno.c ;su! nows an increase of 

aboit 35 7. en on the curn over. 
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- Prciecc csc escir:Ace :205 CC)OeCC DH 

- FirancinQ -S~cr-i ; 

*Gvernmcn. budaert 

~ Pa.uilt to de.fin~ed 


- Exp icurias sc:hcduije \Th1,Uzsant DH)
 

- ~ ~ ot:f,3ciation be with B.R.P.M. 

YEARP, B PORE 11961 1 1982 1983 11984 11985 TotalI 

Am ou n t !4000O 1 I000 1 30 000 1 9 0 000! 90 CQCO !6- COO0 285 000I 

7echn,,cal, ecornomic arnd Ca-TErCia1 SC:JdijES h 3ve been comp t~d. 

7:7d~rs havs bcor. ca llcd -nd thi-oafe -6s receivc-ed re ~e stud~y. 

Emp Lc.cd 3~zyzi35. 
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PCOJECT IITL : c n c pp cr s:.-l-r. 

AEM:~sTA7:: TC~CA7'cN ).MDIR 

CJBECT AND DESC2 I PTCN' OF ,7. E-

Th .:zzeler w:il. alaw a btter dtv=Ipcoent of concentratcd 

cappEr as b:rccco aa. -. c-ner prod,.:cer, narticulary after 

Che openng r-hf K EIDA mne. The copper produced will be exported in 

he first ann a nd i: bc "tr=ated" in MYorocco tophase, zi,- sec prase '.K11 

obti fin-.ishe d )C'ou c s . The: of che s-eltiar is scheduled at 

J..,AJ T/,ea o; copeL w ,rs. 

The facility ..ill also 'lizndlothe by-products : gold and silvc: 

as y'e1l as rulfu: (zu'fu-:c .Ui). 

Vne meer' Dr t br'ak dc,.m i!! as :2llovs 75 00 TCyO: 

cf c Tc n: ra'o :-",... vn-".n7. :crcc-n , 33 , Cu a d I10 COc T/Iye a 

-.. P r-O c, 2 7 m.hene z I ica! pro:css 

inc1ud, : --- e z':D :- .:r~ :'v con ,ar r.E. r -7.a-a'ctroIt c 

r~iin' 'ou>J -dure :a',-r. ::l and anic pulp which would be refincc, 
b7 elcc.rclysiz !--o fine : ant silver. 

'The econoic rcsults show a ;lobal £r.rornal profit of 8.23 %. 

inc-cin scurcc2: 

- Ccver..'aaznt buA -
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~~~'Z~D : "Lf~- B.R.F.M.b circ- wi~h 

Expcns s SChIlu''Ue k'ihousimi T H 

B R '1 1982 1983 196 98
 

~nc~C - I 1 CC'O 3 CC-0 1l5 COOOJ'-31CCK 5 %C, O C0 

?rCiJc: : ss:Th e prel z:;n:iv rchnicnl aind &ccnomic studies 
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: -JECT CJL: 

URANI Um 

Urait~~xpcr r, p Mr~co 'asstarted by the French C.E.A, 
first in 1946 amcd c .~k: W',-re acce Itr. :eK by deputins a team "0Lh 
service Geolo iq'up I-j roc, w, ihfr td :10- pl1'.ph.1tt and coal Uzins z-nd 

In 193 ch-c .ooccon >-ne-UExpOr: :iom Com.any U-cicte
 
Marczine de Rcchercnes ct Etudc, Minicres) 
 was crEaced ond the urnnrium 
expora ~Jn fcr -he cntir 2 ccu-,-.zy wzs undertalkcn. ScvLral s~icwin~s ..ere~ 
studied in, dEtoll and the= friassic, Ju rnsic a~nd Cref:aceous baisin.s w~ere
 
reconsoj tred.
 

Thre WnS liitle OCtivjtyV b.ecween 1956. The 3....ther, ci~ 

w-ert un dcrtca.tn -eS~tc, AAAw2rc I usp. ccs of LVNDP project 

Fur'-hcr ~r-ev m"I-.(! sysca='ntic lo~c2studies by 
the B.R.?.X. bccc-n 1)70 n2nd 1976 dJ-cicacd nu,. ano~a lies an, prospcctive
 
zones. Detailed eXPlCraLic0n in Chese z-,n(,s r-ave.21d urrriium show'ings and
 
mineralized str-ucturcs .;hich are now under active explo-ration by recans of 
drill1 
holes and adit.s.
 

Amon,; nocablE deposits are WAFFACA in the Western High Atlas, 
AKKA 13U TIOULIT and ASSAKA in the ANTI ATLAS. 
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11 c-c T If. .i20 '.' .c....vt tO, L 

. : . . : n , r aJ I:;contirn. : i .Lz:.-, c n..'... . :.' .. 

ar carnoCite and p t c'b P-:s.,atd 't h or,-'nnlc mart Er. The dcpo st hn s 

a potential of 2c,0) tCons of Lvic. rder:mau., around C. 15 to 0.2 7. U 
3 8 

Th. ','.T7 .'.JLA'.S Proje ct zone co,,.ains the mincralized zones of 

ASS;.N and ,,A BOT T.,oIT. 

"2
" I' C:V rs L r -C0 and: is s at d 26L Y. 

zii tic. occurs in norther ly fracturesto the eat: -fADIR. '.' :&i .iera 

,ranites and in zhc overlyingand altcration zones in thc upper PrecaL, ri.:. 


tLrtiary co'caaic tuf's. The d o-it ,,,,y b.lc considcred havin, 4000 tons of
 

uranium o a ,.rade U-C:t0.15 7 U.C $ . 

2 
-.. ,rs an nrea r,f ILWO g1m nd is situated 

at 570 Kr,, L- - s. , , ..... U io n u in NE-SW. 

,rer. -'inZ f:ult -'-c c':rn' c.per acucocr.tio Irarnes.,einsPre-zL.c:irn The 

IQ. ... S t.a 1 ay c Lf the 

7f e :ra, i,- 'i h r:,4 C .:ui c: . 073 C2C,)0 orderto,-

F
CL'UAR',.TE T~R1IAF.Y S
 

P.:-.'i',e ' .,.c1c' ic con. i ' ,x:. st fe s ltccin? this 

basir, fr uoi;.,un x;picr.'on. Thick ccncinental clastic sediments 

oi Terticry ago fill -Ec bi sin, TheL.c sId:mencs are dcrivee from
 

thc Prtca:ibri..n -rupl-ivc ".nd c-'l.tailne cc: 2lex of the ANhfI ATLAS and 

the High Ats, bwich :r- conci,, red as the best scurce rocks for 

ulanIi.un. ilThc,niru.i.l ,. 'ns,. l.chi8'." oof the bascmcnt as wQll 

.
h 7,sT.rtiar" volcrI c uff .:ou d have washod uranium bearing 3olution 
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The Moble~t urnuC~uhncc ,rtc rc Ltt 

cheioi c I. -c ::,c L io ura2n'in the ar;'.jS~z:.i~~n~'Ic;~t~l~v 

ferorns solution,, ;n prcsc7.&2 uf cni n2crnccus ~.~ I3 nd 

clay linerats. 

Cc-nsi~.tring th St-olorical critaria a systerr..tic exploration~ 

is pro-,ram~toc ccms1istil). of 

- Colo:-ic and R~izretric reconnaissa-nce of the basin 

-Zones 

- Air bornte radiomc-tric sr-vey 

- Z~nrf~ztrv .3r.Ji ri.z'n mosi~rc:.cnc 

- S t.-c2 L§ > :.cs cuc exploration 

t~Y pr'~SI.,. - Z[)1~ OrZ nuIS 



?-CJCT TLE7 WAFACA 

ADMIN'ISTRATIVE: PRl)V2NCE M\RR-KECH 

Si__'AI_ 130 S' of IIARP--EC1HC-1; k.. 

Uranium ulneraliz2tion in the JBEL WiFAGA discovered in 

;977 -)ccurs in che palcocharnls ,n the fluvic-deltaic sandstones of the 

Hauterivian continental series in the I.-i T:ncut reicn (W=scern High 

Atlas). 

ExplIcration scudis r'vcal2d zhe exisca-.: of 50 paleochnnels 

of which about 12 are highly r-ai2aczive. Urnnium occurs as cz--notite 

ta,tzd in ch,; Satd6zcne. rhc,r. is btcCfn 0.15 o 0.2 7. U 03
 

rl-at.ory of
The ox work un4crc:.cn consists 


Pcrcussion hcles 10 000 m
 

Diamond Drill nr: I 30C m
 

Adits and Crosscuts : 570 m
 

Er view or Lhe pzo non r'sults obta), id as well to locate 

the p-aleochannuls and to ascertain the reserves further exploratory work will 

be required.
 

http:un4crc:.cn


r~'2~ ~h'~ :tiling-flic m.its [or th2 prc u's 

I in AI-T Th:osThese units ar SIKWA, t SAHRO,%C 1 .h JS. 


Fr, canbrian and
Pr~carnbr_4:,n fcr3-i~cn- haci bern o;.d.~t: haiw buen 

covered by 5ocdincnt: s rmteI r.~I-~nt accabneos 0..i0 

ThDCSC : ,izng '-:r, lat'cr uplictd and cicup fc& during, Hcrzc_'rcyar :td 

7"I SiaGRo cl-iri" 'nigEist-west Consists of an. PXi1 

zon'c produccd by bul.,ing at ch-_ cnd of .- idd1l £r ca-Jrian P II-:uI), 

zcco-7anieJ2 by :r~snitij._Cfl :r. is covc~r,_de ty Itc:u&n: and Pele:OzLic 

fctz..~nS h:u partzf ~cz~i~T. oa'.r 2hrc ch2raictcr-iz-:.d 

On s or Zr ni.v>Jrs z 

6cs-rc SC'2c :zry :o:iz 2 -~~chss, .n St-Ones, etc . 

AY.S~~ ~st Co tCICUc_. Of Pr nrinl-1Il volcano'

detrict'c 3,rircs concainirig docrcit; dykes, gabbro, granitu, .,ranophyre 

Lnd rhyoLtc,. This zone Z!P-Coars as a wiridow (inlicr) bucweun younger 

fotinstu thu East --nd Grarute to the Wet 

ThL .xporatcry y-ork by the B.R.P.M. in, Lhis region resul~e 

ithe .2 iscov _ry of stcverz1 ecpa):is concoininF, primzry gold and silver 

(-.r1 ;i -ICtJ:,,. ThL CLbng e~nn~'s m ied or nnhe fia 1 
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C t C1-C-I~ 
I-

A8C nr~ r. r.n g 92 
D.?.prGdLC'-:. 


of se-reralreserves':-y have, aidit; onal
The 1!MLT'TPR ec-csit 

and invcescigtion.
of s;. ver. CouS.~qUCULIY , exploratory w.ork 

tonsMillions of 
the potcntinl.

nccessa ry Lo evalluate flully
scale 3--e consit' -tr:,

on a regiona~l 

of the ar a. 

Ur tj U.311Y It I ThaviV~ C E 

A cId -S"IVCr 6L Jsi C r-

Cu.
- 2d 0 .35 C 
a -'r-,dc of 10,.5 /t Au, 54 gl/t Ag 

of I m 11ion to-5s4 

of XCL'ELs sicu3Lted to the NW of F.I \%A 
Thr: S;Ilver 07r-sic 

0 / Ag and iz:uof cre havtn8 'OC 
to r% tE-.vcs of CO.COC tons

anourntifg 
S<":~u.LU
the 'Sc':i LC2for m-ni.ng by 

ha gcc 1ci c and Peogr,--h;-ci n~~ri' , :rcas 

the Ansi4-Aci3s -would
tc conld--ra~i-Ofl,

s~t~ZtQfl~f h~-k- Z12 , ts i. 

mtal9. C~r~SeqUantly CXP'or3
::ov -7Ct !or prcci'ous

r~p~5Clta mct-lc-! et 
thosemaw deposits similar to 

o 


a1,ready knou,.n.
 

tia'n W~Or,' Shok,2.d b. t-C~ESzary di-.covLer 
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F iJECT TITLE TOlIT 

ADMIN ST, VO!V OUARZALZTERLC) C E 

L6CAT:&N : Th" go-Silver dcposit is locaetd .nt 4. Km SE of BOU"ALX 

du DADESnc ai. L75 Km fro AGL'IR part. 

Th f rr; o. I , 1,) -y cCt. Ctutes of Thc <:r .itc: - s. If 

borderd c. :h N.orth by li~htly mrtz-.,crpho-e :"chists .f middle Precarnhr"*an 

age and cov-rc2 m:;comfor,'ahy Ly thc up[or Prccai.bria h,'li. tu co.:p1ex. 

The minevli.a.,tion is 1.cal :.zcd in the qu: tz l: ec cu,-in., 

across thc .granite.
 

and
 

7h , mj craIL-. ion w,,.rl, qua:z/chlor : , 7'2n ue consists of 

microscopic n tv,. god a.,,, tcd mainy wizh cha1cpyriteL, I yri e or 

qUa -d i S - C : p r i t E t L: Z ne .rt :z ' h V ,: 1.r p7-1: : 1~~ r n a 

Th x× f:o rk un etak en on Vs post consists-n1iorucry vL2n 

o 

3 
OO 

ald.ts :3""X, m 

.rcnch,. I 3W0 7 o r c L s 11000 m 

This work bhas c tablish.d a resurve of 1 million tons of 

ore having 10,5 g/t Au, .A / Aj ind 0,36 7.Cu. 
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,CJECT OUTLINE 

ADMI N ST ,\'T1 VE PRuiC CHAQUEN 

This zinc deposit is situated at 18 Km East of CIVA0UEN and 

120 Km from the T:Ingicrs port. 

slerite and smith-Th m eralietion occurs as laycs of 

sonite a part of which min be mined by open pit. 

The exploratcry work bas es~ablished reserves amounting to 

7 ';0 000 tons ha','in 'radc cf 3 7 Zn. The potential of this deposit could b( 

as high as 400,00 000 tons. 

7n the same rKion, the preliminary xploration at the Kn.EMIS 

TIKENZiGUEN deposit has ascertained reserves of 500,000 tons hawing 10 % Zn 

and rich in Gcr: -.- ium and specially ir Cadmium. 

r ' strdes or, tha ore- of the-se two depos-itsTh- ' 

produced :C Zn concer,trates.by flotation in a T.ii-t plant Il\ve 
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i 

The accivicvoftby P in Chl S Z w Consi sts ,,n chc one ' 
of recer~lnp of ~ta" .,-inos m 
 SidiZz~u
 

Z~ujt and Hessian Dia-b, 11W. cn Cthe c.hr 


liou 


hand cxplurin renc .. rcas suc'h 3s 

T8ori rt -7- Z7 1 th cjh 

i~zcco racion vh t le '-~- R 


under -naken thE dc-or Cncf t bc AecU r 
 i ".:zocLz dopcrsics. 

S'ituatiCOn SOKm So-u h af Mar-rakush and 2230 K-.. fr' Sa fi port.
 

Th 'S* cor' Ct pyrzz t~S tiC typ o-P0fdopc Sit Si te iE 

the Ccntral Hig.h A-laS. 

L~..'tr7 
I 

o- r t a~*INc,,,A 

rcvealed~~ areOC~~ Con.02f 7; W03
 

SIDI 3OU AZ"-cuZ 

Provi~nce Marrakez.h
 

Situation 160 Km Zro C-isztanca port 

The d ( rccilt in quzrts v~ins theot is in Reharnna 
Paleozoic basement in the vici:nitv ofr a hercymian S:ranite bath olith.
 

Thc atrv - undcrtaken ja-in-tlv by DRIPM - KlE-. 
has rcve--ted I mill>cn asoar hirgC.!7
 

These U,- UdtpOSI.tt ,re in 
 chc final sta-c. ot dcvelopnenc 

which includs fLeasilbility tvi~ ance En.incoring for thc rLalisation of 

e ?rOJLCtS.
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5 uati ~: 2; .. c I ou" in e 1,: L'- Jcis :r;c 6 km irom j.;-;.. n Jir port. 

The sch ,e21ite -.:inor:i'i z .tion occurs in fractures in the granite, 

'xplcratory work consisting of dr,1l h:les, adits and trenches is undersway. A 

Sc-limz~inary est:L'2t~cirof r -scr vs is F,J, u{)G tons having 0.0. 0 ',W03. 

:rovince KHdEiSS" 

:.Cion 16K kom from Keni tra port. 

Wocra-t(E occurs in quart2 veins in the aureole of contact 

.:::.- =phis in the souc-hirn bLcK: of the Qu1nts gran.,- : ssU. 

..................I.. 

.:r.... ... , LG .ndz-. v "h-cr. ,-.ve zed. , encou
* . : L~: rsultS.
 

":,_¢I L" 5 :
 

5i taL ion 60 km souch of Taourt rt 160 km from the Nador port. 

The deposit consists of quartz veins mineralized in chalco

.yrite and wolfranite a:ssociaccd with ranitcs a&tcred to greisen, in a 

jPleozoic inlier. 

in v off.. vor...Ic .,:>Olo~ic sftting present for an economic 

tungstcn deposit, rfuir.s,:is rrojectcxploratory work pro.'ram, 
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L1: TF 

Th. iinite cxp oration in zCroccoCdatLs back to abou-' 50 

years hence. Ma-ny regions werc prospected and * piorid on surface indications. 

Since the Second world war th2 oil exploration gained much more importance 

nnd partly rcpzcid th olid h.'drocarbcn ,3 :raticn. 

,:hrycrisis cf 70's, 

restarted by che *.',I, mos-iy with the cooperation of Ger.rnn experts notably 

that of Profcssr Lucti ,. 

Since n h lignite exploraticn ,-as 

The invcstigacion wer l.-ically 2 uided by the results of 

cxplora- ion in various - rr-ncan coontrie: namely litaly, griece and 

urkuy, where Uporant Ii ,nite deposits have bc.n disCovered. 

-hQ inveS tiga ons wcre under taker intn fi-s place in the regions 

having id nt ca c-r.2iIf-ns Ct ZO fl, eposi and prcservation of 

.... c-I, i;.rena ed 2RPI, Lo Sul cc sevural rc.eions in
 

the country, ah as
 

-Gu rct b-asin in the nor$h istEmn Moro-co,
 

-HMila - Oujda region 

- GViarb and T'ngiars - Tetouan Plains in North Westcrn Morocco. 

A.13ng the Lbove mentioned ri-gions, the BPM concentrated its 

efforts on the Gucrcf basin, on Chcerb plains and r-orc particularly on 

Che Fes - Meknts basin. 

The Fcs - . basin cnsticures the eastern part o. the 

Scut Rif dr'Ir cn f2 l_ d in by Miocene = rine for- ti ns and Pliocen -

Quaternary [acs:hne zadiznts. The lignite occurs in the Pliocene -

Qua r.rz-aa torions. 

".. .2-28 




The cxploratory ycrk res'ilted in the 	discovery of the Oued 

hbving a carolificNJA deposit amounting to 50 million tons of li;nite 

value of 1.300 Kcal/Kg. 

E-4ijcr2tion is underway in other bacins to evaluate their 

reserve potentials.
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PI 0JECL- CUTLIII-


MAGIVE SITE
 

A ~ag~es ecring zone 30 Km long occurc im the Pal&ozoic 

Rif IiIaii~t~td CO 1~ c.uth Of LhC port of C?!TrrA. The crystallize mage 

deposits in this zon'e prrennc a potcr'cidl r~or of 40 willicn-n tons. 

The E-CUTC7 S3ccc -,1,1 selectta?. an e Pilot project, for E~zolo

tz'r ~x~k cf9 -million tonsi of =a-ncs ite hzvin; 'Z.-~ic~hrevt~ed 

:mO cf which I mf.12ion tunp, have gridr- c r cb~tan 44,5 IMfO. 

A pairt of Cte depo6it c~uld bc ~ c.-c pit. 
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PCJE('T CULi ,E 

A SL STOS 

The principal kr',Wn nIsbestcs .dcposits are situ-ited un the Anti-Atlas 
YMassif in the OUARZAZATE Province. Geographically and geologically 

these occur in the followin tw rincz 2ctors:
 

- Bou AZZER Sector.
 

- Northc-n and Southern flanks of SIRWA.
 

They are Situatcd 5(,0 and 400 Km east of ACADIR, rcspi ctivcly.
 

The ,icposits S ncrally occur as chrysotile vcins an are 

the products of serponti.rii-ation of the ultra basic Precambrian rocks 

as well as of the motamosphosed dolornces. 

70 £oll.wvn:£ i, s deposits were selctcd for 

evaluation studies based : scntieliy on their restrye potcncal, 

,,ra's and fibre qu2Lity. 
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MEMO.RANDUM
 

To: Director, Bureau of Mines 
United States Department of the Interior 

Through: Deputy Director, Minerals Information and Analysis 
Director, Division of Minerals Availability 

From: Foreign Minerals Specialist, Division of Minerals 
Availability 

Subject: Project Definition Mission to Morocco 

Introduction
 

The Trade and Development Program (TDP) sponsored a Project Def
inition Mission to Morocco from January 26 through February 15, 
1982, to appraise the economic potential of cobalt mineral de
posits and other underdeveloped or partly developed economic 
mineral concenzraticns in Morocco w:vit emphasis on strategic 
minerals. The objective of this mission .,as to evaluate, as far 
as possible in three weeks, the potential for development of the 
resources by joint venture activities of U.S./!.oroccan mining 
enterprises, and to outline appropriate activities by which TDP 
could stimulate carticioation in such j3int ve-ntures b, U.S. 
firms. 

The team mobilized for the reconnaissance was composed of a team
 
leader from AID, two members from the Bureau of Mines, and two
 
from the U.S.G.S. In addition, an e:.:pert or ophiolites from
 
Stanford University remained with us for one week, in the Bou
 
Azzer - Bleida area only.
 

Conclusions
 

The 	team was essentially unanimous in the following conclusions:
 

1. 	There is a good possibility of finding additional
 
cobalt deposits within the limits of the already

developed strike-length of the Bou Azzer mining area
 
by utilizing established exploration methods hitherto
 
untried at Bou Azzer.
 

2. 	There is a good possibility of finding additional
 
cobalt mining areas in that part of the Bou Azzer
 
uplift which has not yet been subjected to detailed
 
geological, geochemical and geophysical examination.
 



3. 	The Siroua uoli_=t has cobalt occurrences which,
 
althougIh not imooranit in temselves, Lre favor
able ground for detailed exploration. (Only the
 
U.S.G.S. members of the team visited the Siroua
 
area in the field.)
 

4. 	 Lxploration for copper in the vicinity of Bleida 
is proceeding, but could be accelerated by 
judicious us of geocheistry, geocphysics, remote 
sens.ng, and other methods and equipment commonly 
use" in U.S. explorations. 

T-.conclusions b.l,ow result from the visit of the team leader and 
two Bureau of . meers (U.S.G.S. personnel were at Siroua) to 
other deposits northeast of Bou Azzer. 

5. 	The Imiter silver development (Figures 1 and 2) is pro
ceeding in an orderly manner on the known deposit. 
Assistance in regional exploration and beneficiation 
metallurgy would be welcome. Geophysics, and geo
chemistry, coupled with judicious use ol remote 
sensing is unlikely that this is the lone economic 
decosit in the area. 

6. 	The Bou Midine *e.osit of zinc and I.'a,,I (Fig!ures 1 and 
- , 

metals. r'Le cdoir occurs in Prec~ibr~nn volcanics 
and matasediments crlssorYd , i. ..... "._ 
faults. :s .'e suifiLas in som. ,i be detectable 
b eloctromaqntic metho as, 'fondthe veins 
contain massiv: which should Ih:.'on aerial 

2) conzalns m%i. of " ",unLs , and other
 

barite uD 
photographs. The entire aret i..rits 'u::the: w.:plor
ation.
 

7. 	The Zeida lead mine (Figure 3) near idelt is a modern, 
well-equipped mine run by the Societe de Development 
Industriel et Miniere do la Haute Moulouya (SODIM), a 
joint venture, 50 percent government, and 50 percent 
private Moroccan capital. Exploration, now employing 
diamond drilling on the grid system, could be acceler
ated by use of seismic and/or electrical methods to 
locate gutter-like depressions in the basal granite 
which channel the lead mineralization. 

8. 	The Government of Morocco, and those private sector
 
people interviewed by the team, unanimously indicated
 
a desire for U.S. exploration and mining technology
 
to be applied to their mineral development and were
 
looking forward to mounting joint mineral undertakings
 
with U.S. mining firms. The mining laws in Morocco
 
have been modernized to permit capital,' technical, and
 
even management participation by foreign firms in
 
Moroccan mining operations.
 



9. OCrocc : .-.or_ been t: o., A.L . ,r,. b'i F r.,c QZ 

r,o c" nat nt and J~ a ai aC~ 
fronting on both the Atlantic and the Mediterranian. 
it ro rcsonts an oxce3..,-nt oppor,:.,nity for miniwg 
develcpment in an Africain country, well-disposed 
toward the U.S., and with relatively well-established
 
infrastructure.
 

DISCUSSION
 

-in response to a request from the Gover.,,n:ent cf Morocco, tra-.s
 
mitted to the Trade and Development Program (TDP) in Washington
 
b............therl Le Seur, ...... n .t ia ... ..........
 
Development Engineer from AID, lld a toam on a -roject Definition
 
Mission to Morocco from Tuesday, January 26 un..t Saturday,
 
February 13, 1992. John Lucas and the writer represenred the U.S.
 

,Bureau of Mines, while Dr. :I',. ' ' o - cshal1 specialist, and 
Darwin Rossman represented the U.S.G.S. In addition, Dr. Robert 
G. Coleman, a professor of Stanford University, who wrote the
 
book "Ophiolites" (ophiolite is often the host rock for nickel 
and cobalt), joined the team at Bou Azzer on January 30th and 
remained with us thcre and at Bleida until February 6th. Bob 
Coleman consults for thu U.S.G.S. and has worke:d on ophiolites in 
Oman and Saudi Arabia.
 

The request for this ProjocLt:' fi;.ition i.i-:: ..as a dir>..;t result 
of a U.S. sponsored trade :;ni.3.:n 1o Vlorocco -, 1981, led by Dr. 
Thomas Hcmn'sie, 'Chi~f '£ci2t of thz U.5. 2.1reau ot 'Iir.. 

On Janu.arv 27, 1982 th' t".:. ;;ith .ri2 : .bassv oficials 
in Rabat, o"fficers of: .],. vernmenc of :orccco's M.in'is.' of 
Energy and Mines, ar-1 t;', irec'crs and managers of thne Bureau do 
Recherches et r .R.P.:4I.de PtorII~ieeis 
a government-owned e tlt.y .hich e'oilres, evecps, mines, and/or 
invests in varyi._ng nagos o the s.res :' *,croccan minera_ 
projects. It is this group primarily, which would participate in 
Moroccan joint ver.tures ,-ith U.S. mining fir,-ms, although private 
sector firms in Morocco may also wish to be included, and could 
contribute both expertise and capital.
 

The Rabat meetings preoared the onigoing itinerary of our recon
naissance in the field and we learned the following: 

1. 	 Morocco, conscious of the role minerals could play in 
its 	economy, has developed an acuive geological survey
 
program with some activities listed below: 

a. 	Sixty percent of the northern provinces are now
 
mapped at a scale of 1:200,000.
 

b. 	 The Rif portion of Northern Morocco has been 
partially mapped at a scale of 1:50,000. 
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c 	 ' -tr1
C 2oocco i3 being mapped at a -cale of
 
.1:100, 000.
 

d. 	Gravity surveys have been completed on a scale of
 
1:500,000 with more detailed surveys done in the
 
sedimentary basins.
 

e. 	A stream sediment sampling program is planned
 
with samples to le collected at intervals of one
 
sample per 10 km.
 

f, 	A metallogenic map at 1:200,000 ccmiles geo
logic, tectonic, and mineralogic data for the
 
w.hole country.
 

2. 	B.R.P.M. has located numerous mineralized areas contain
ing potentially economic deposits, and they continue to
 
evaluate prospects and maintain extensive open files on
 
mineral zones. A document of theirs describing mineral
 
projects considered as potential sites for cooperative
 
mining ventures is appended as the final document to
 
this team report.
 

3. 	Besides barite, rare earths, lead, zinc , and precious
 
mezals, 2RP.I is entiiusiastic about a copper mine at
 

A 	 Alous in Preca .rian rhyolite containing 4,230,000 
metric tons of ore .- nning abrut 1 to 1.5 percent 
copper and 15 tc 54 grams per ton of silver. 

4. 	 The Geological Survey of Morocco, hard-pressed to 
complete their numerous programs, feels the need for 
assistance in the following areas:
 

a. 	Techniques of remote sensing (with emphasis on
 
computer enhancement of imagery).
 

b. 	Methods of detecting mineral deposits.
 

c. 	Techniques and practice of isotope dating.
 

d. 	Training in:
 

1. 	Petroleum geology
 
2. 	Geophysical prospecting

3. 	Sedimentology
 

e. 	Modern, fast, cheap methods of map preparation
 
and printing.
 

f. 	Aid in selecting computers for, and actually
 
setting up a computerized data s'stem. (Perhaps
 
the Bureau of Mines .A*S system might provide an
 
example of a good complete system which works).
 



. ai, s ..... a.O . .rid Januar .... '.,'her . 

proceeding on over tho Anti-AtlaS to 13cu Azzer the next cay. 

(Sec Figure 1) 

Mining in the Bou Azzcy-El Gzaara uplift of Precambrian rocks is 

not a new develczment. The copper deposits of Bleida, cn its 
the 9th to ti:.e 12th ce.ntur.es. southern edge, were ooerated from 

After the discovery of cobalt at Bou Azzer in 1930, and the 
beginning c" ccal in. in . , oinions prooeeded until, 
in 1683, Nhe French exoeit b oJevthat all oaunercialy' C

nificant cob alt ha,: h_-en removed. At that time, B.R.P.M.
-insra2 

thin 60took';ov.r and su-c,: ned a Ru3ssan team of a,'-isors (more 
ir nLLrber! ',.oiix :h~ y are reuortud to hae uai2 a fee of .$3 
million. These ac.visors found substantial a- '"'iticna. c al1 

to ;earsdeposits no, thouc 't- to be deoleted wiein to or tnrCe 

of exhauszion. . . M . , z..at pr-sent, retains thirty-ive - . rc t 
-utLas nviceciining concessions,of the ownership of the cobalt 

Omni Nord Africain, a private sector concern owning just under 
. . sixty percent of the conce Ss5 0o.I, to manage t'he mines through. an 

op2ratting c-smnanv, ...oacjnie Lie Tifnout Tiran .:.i.. C.T) 

Geolocgv of the Ore D,2rxgsits 

indi n s n t cc.. o ..n r. Fr.. c rt ....... 
like Dr;. 2arc ... nof: r.he Universite " ce Sciencts e.. 

i03[ . , ,'a Ker... f' 2c.... lu. ... S .2' . - - ...c 

S.0 . e s G n encmiU.:rAnnp. .... 

- ,or tcle top 02 a -err '' ass .r r0roteroo'-c 
a G. he ore rav e r a cross a u_, 
have fracl.uren i a n cj providingf entine surrcu:in roc;s, 
cnanne..is or and oL minerals _n g-- .n dep osiltion 4LOb~ and 
:ickel-bear j co:.._:..,z:.als. 

The average cherd cnl ai.'ssi of the crudc, or, presently mined by 
CCT is 1.2 percen4 coalt, 0 .5 percent ni.kel, .6 percent iron, 

.nre..- roo.. zuuu, with an average cobalt 

to nickel ratio o: ei to one. 

For the prcscectr, the mode of occurrences iin this zone orovide 
fortuitous circu-mstances ,or the finding of mote ore. Geo
physically, the s ae.t'n. mass can be outlined and -robably 
traced b.en.ct ovely .Kn rocks to e2 southeast because o its 
magnetic character. o.. itsei- probably b.T ore is traceable 
locating nearby anomaies aencde:-.caan may also be detectable

Another--- d proceduresby electromagnetic m7, belc-. A-I c 1 ju ,c t tot. t- se 

would be the jUdiciou of aeria. photographs, (.ucas has 
recommended trying: n L ,. hora-hv o locate I'ault zones 
and the writer concrs, nI comnutei.-enhanced sate. lite imagery. 
Thnse methoda-c.. cannot to elia,inate the nceed for d Itail
ed ground e.xam n. on. wed by pcrcussion and/or diamond 

*s 

http:aencde:-.ca
http:ce.ntur.es


-6

drilling, but can speed uo th search and narro the -cargetareas 
with a cut in cost. 

Reserves
 

CTT officials provided uF' with the figures on remaining reserves 
of cobalt ore from ,iest _Ln the 2,u....... a:ea ( e 2igures B and 
C) It sould seem reasonable (unless furthc. slshes in the price 
cobalt occur) to consider the _o.lowing demonstrated economic 
reserves in the measured category. 

Name 	 of Deoosit or Mine :Tonnacfe Analysis 

i. Tarouni (See Figure C) 30,00 	 0.9 - Co. 0.1% Ni 
Concentrates 	ana!zae 12' and 3% 'i 
(All concentrats hi oced ' at . seile,to the efine i 

France run 50-65% orsnic!)
 

2. Bou Azzer East (See Figure D)
 
Nc reserves - research only is conducted by a 40 meter shaft.
 

"(This years
mine 	wasi' 9 mia-,oroduce-- for 10 

. hBou (SEc FIsmas c s) .2a_.
 
(Wl1 be mined by It - irnn
a c r.ctcr Jmch Crn 

Ouni! (Soue -es st;,ll.. Ou.,.il._ 3,200 ,A
 
(Will t1~ e nd o~ . (See Ficures C & F)
losa t 	 . . 

5. Tamdrost (See Figures,, C 5 F) 85,003 	 1% (+) Co
 
"160 .:: em:lov,... .! :,e: < cu - ,.. .
 

(Fill is cem.. <ed below the 135 maer level) 

6. Tqhtem (See Fgure C) Mined out 
Costly eoorati.-n here did not e:-:rand the reserve.
 

7. 	Ait Ahmane (See Figure C) 18,000 0.6% Co 
Low grade disseminated crude gives a 17% Co concentrate! 

From 	these fig.lres, it would seem that the cobalt ore, found during 
th- flurry of exploraztior. engendered by the Russian geochemical
 
wc ,., is approaching exhaustion. The orinciple mine thus found,
 
T( .drost, is almost mined out, and this situation may have prompted
 
the recent Aor:uca initiatives which resulted in our Mission.
 

Mining
 

At Bou Azzer a labor sti:e was in process upon arrival by car from 
Rabat on Friday, Jc<nui'-v 2, due to economy measures necessited by 
the low 'price 0f co t, (then about $i0.UC per pound on the spot 
market) , and this i" ... underzground visits in the operating 
cobalt mines for sva.:a lays. However, the Deputy General Manager 
ofCTT at Bou :1r,r . T.obert Arnodeau, took time to discuss 



. .... .... ' ...on l ne The 
. ..,win figure- ww .. 

-, ,.""..... 	 , . . . t".-" ro. bor otiations. 

1. The average worker receives 40 dirhams (5.28 dirhams 
to one U.S. dollar at the time) per day as wages. 

2. Electric power costs 0.86 dirhams per kilowatt hour. 
The National Grid, provides electricity at 0.50 
dirhams per kilowatt hour where available. 

3. Horizontal cu- and fill stooing is employed underground. 

4. 	v;ater is expensive, bci.j pumped to Lou zzcr from 
a.........Taous. awayj 2 di ha's4:ajcsper cubic...(0 	 a 
meter, for a daily cost of 800 dirhamrs.
 

5. Cemented fill, ptm'eecd _nzo the mines, costs an average 
of 	150 dirhams per cubic meter.
 

.	 Ore con .. ntrat,s.re truckod, .v a subsidiarv of OmniuL, 
:iord Africa.,,., to the Pcrt o'zj;adir, 32'0 in away, at a 
cost of 140 c.irhams per ton. 

. . ..... .4...."" 	 ... a~~~~~. 	 . " 4 - is d 
7..
 

F~t ,r:2 ..: )-3 ..
 

tin: t al-.a .) 72u ..... Ui1t :tuc, re*ca::s to be done in 
O....o__..ite ,.ich has kept cobal 

mining cing f-nr 

The 1970 .Ru isianwor:z "ound i..t aooo-zs largcly by chemical 
an is .. ..... o f To locate anf 	 ,:....... leige. 
attractiv,,,_. a::t containing anomalous chemical analysis, such 
meho mu samole ro,.k ".it!in a meter cr two of ore. Samples 
of stream sediments, rir soils composed o rock fragments, begin to 
encounter a.o...ous resuts up to hundreds of feet or even more 
from crc bodies. .ikus fe.:er samPle s need be collected and 
analyzed wiht.LnII :s r .duction in cost and increased speed of 
discovery Ceocemica! %,.o.rk:.oz :..i.s sort ma; well encounter the 
chemical envror.-ent wthich indicates another Tamdrost. 

for , rm the writer is indebted to a youngAnotner idea, 	 those
Morocc.n jt;r>,"-:.,a,.',cOc :" is depicted on Figure H, a 

Zt. nar a '. tolong itudina.. ... .-. the 1.. Z,:Mine. through Tamdrost the 

A..bed II d . si.... ',.2n,:.th-r Is no doubt that ore is lo,.alized 
by cross faults wnach ,r, near..y ubiqutous in the Uplift, exam
ination of the ].:-V i -,;Q _..:, t reveals a mirror symmetry in 
the emplacement: orc -e.- Tamdrost point theoin 7, and at' a where 
footwl sc:=' i- -....- ms a d..th of some 200 meters after 



-I.
 

**'-~~ cW~ ail 	 tagtae-frtvo:-n;'2ztgain 	 a~ f tC:c 

highlighter on Figure H. With luck, one might dutlicate the 
-ssian Tamdros- fin.. Geochemiszry and study of t.. cross-faults 

are required. 

Outside of the Bou Azzer mining area, but still within the Uplift,

geochemistry, magnetic and electromagneic surveys should be
 
employed in areas selected after study of known
the geology. 
Where the serpenting underlies other rock, computer programs
applied to magnetic data can indicate depth to serpeninite and 
eliminate drilling in areas too deep for exploration and/or mining.
Electromagnetic methods may locate massive sulfides and thus 

. possibly-find copoerores similar tothose at Bi5ida. 

Copper, Silver, Tin, Lead, Gold
 

";hereas the team's primary objective was to increase the uni-product

cobalt 	 reserves of Bou Azzer, 	the secondary objective was to assess
 
other potential minerals and sites hich might prove favorable for 
joint mineral ventures. 

a) Bleida (See -ic-ures1 and 2) 

... i . .... at BleatIn. a, a 
" Jz:r !Dm. ... mIlneralization occurs 

.- 1, :.au t :Tr:1. contact >:r -,.on c-erl-inrr 

onavin.. 	 ,, /I t__ is, andcd tae urnderlyi:ng Ze-L _ic.-- afld 
, 

t1h -. nd 

2 a:ic v- . .. 

he mine ias 2)couucing 2C0 .rer- day from deoths un 
to 134 m otert: of er : resorves of 2.5 millionor 
tons ru:n:. n 7.5 to 8. 0 percent cop)er. The economic 
::in:rals are bornite and chalcopyrite, and it is 
planned to to depth 234 dropping theZinea of meters, 
orc to the Lmar' crusher at that level. From the 
bottom tevel crushec. will brought,the material be by 
conveyor ho]lt, un a series of inclines to the mill on 
surface ohict,> has a capacity of 1500 tons per day.
This ove:--cadAc-ty reflects t-he company co,.fidence in 
future ore finds and expanded production. 

At the rat oresent o:or-s pzer day, 200 tons of copper con
centrates are produced running 30 - percent copper. These34 	 con
centrates are trucked *¢ v . to Agaiir for shioment to Europe. 

b) !miter (See i 2 and 

L..y, "rI nata.ve s .lver is now 
-emm' <.ncj:nze north flank of Jbel Sarhro at anid 	 meter s. The deposit has been known 



- - 

Mn ....al c.... I.;.' ,. . .-. (... , .,a c:'e~ted in 195 Lo 
mine 600,30 tons of railincjs runniig 350 grams of 
silver P c- n. S:1 is ma,.; . by i-Ri2 who own 69 
percent 0- the stock. The 1 :-ercent :.inority share 
is owned by Omnium Nord Africain. The ore is localized 
in E - W faults in Precarbrian andesites and schists. 
The veins thus formcd are neairly vertical and in olaces 
contain massive sulfides. Mining is done by cut and 
fill s-oDing. At least 500,000 o;ns of ore (and
nossib:, mlich more) re._a.in in the deposit whose mill 
recovers si'vr by the cyanide .. rccs. 

Recnt:~r:Lc~ir~nkii:~ Is gi.9ven below: 

Year KU :amz of Silver 

19,70 (,J, i7
 

1971 5 307 
19-4., .) 

19- 1.L R 843 
15 75 23,344 
96 19,423 

~~C f 3'" 

: ctrcmanei.l". - '0i>~f~oa0)r.., e2 onJclCgnz
On ' a- c7 be0u:0-:cZ c> 1 i ncA Since 

conA''iL.. 2Old. n ~i 

2 ~ ~ ~ tf e.uzi-nc;1no~ctbased on more 
t I . . . -1:-",a s 4 ,,C I e. Culd 

dc l % L 5 °">"- :C l ... , 
s-u v  .:"-2,: :.d 22 r 7om ran s per 

. . . , . , ..... . . e es 1-o in Pr 
.. 1 .. up--o 1mete-rs wice 

-3S sulfi4,es a nd 
Ir t.. :.. t"! of th". Ougnat Uplift 

.' v - : oretiean for multi
cJ, ''--. u 1.log cal step -us 

'1 Y 3 3 and,.t~geochemistorY "o 

http:re._a.in


One must admire the tenacity of the Portuguse who mined 
the area .. rit in t>e l60th cntury, ,I:hen access over 
the mountains must have been arduous.
 

It is particularly in this nearly roadless environment 
that John Lucas' suggestion of dirt bikes for field 
crews would be most appropriate. 

d) Zeida (See Figures 1 and 3) 

In a mu22h youncez -oogia_ . .vronment20 kilometers 
from .. UaelC, the Societa -e Daveloppement Industriel 

at>!nir~de la:uue:l.o'm(ODM s iing ,..lead--with 
minor amounts of si.ver, an.i minor barite (no zinc) by 
onen Pit m.thcds, he g...na occurs in a Permo-Triassic

-rkosein cutter-like channels eroded into the basal 
granite 

Figure I shows the presently known ore bodies which are 
said to contain more than 8 million tons of ore of 

...iao :. , (u: t.o 13 percent lead) , but averaging 
3.4 percent. Scrln 6.5 million tons of waste are re
moved annu:,'iv . i'.it mining 1,200,000 of ore. The 
ore is con.onr.td by crushing, grinding, cyclones, 
flotation, anc s ra s aco-rding to the flow-sheet, 
Figure K. 

Some An,0,0 tons of lead concentrates are produced each 
..- ri:.na about 69 oe rc c-n a and shipped mainl. 

to -Euro)ealn e:nr eries t 1h rough the Atlantic port or: 
Ken i tra ea Fiur 1) 

Presently exploration of the arkose-filled valleys is 
proceedilng by diamond drill-ing. It is suggested Chat a 
consi,"erable reduction in cost could be obtained by 
employing simple seismic apparatus to profile the basel 
granite, thus locating the ore-forming channels which
 
are the shallow 	drilling targets. 

Si.nce the ,oti tiai ex-.ooraion area is about 70 1"M bv 
25 kin, the known reserves may be significantly enlarged 
and the scope fo:: a joint venture may exist in this 
part o Moroors as well 

The exploration 	 opporcunities encountered by the team (the USGS 
.members %,,er., qvite sanguine about the potential of the Siroua 

Uplift) cover only a small part of the potent .ally mineralized 
area of Morocco. The final Appondix to this team report outlines 
other prospJcts of 13RPM. in addition it is likely that a com
parison of the anoma!les on e magietic and gravity maps covered 
by index maps (Figure; M, ;, and 0 and Aunex II *attached), may 
reveal pos.i.b.e e .. targets when compared with sate'Iration Lite 
imagery and the geologic maps of the country. 



A.are of the favorable Geology or thei-r country, King Hassan iI 
'nvl hs m - of fices have modifiod the nining codes of the 

country to favor foreign participation in joint mineral ventures. 
Approved projects are exempted ro.m customs fees on equipment, 
both new and used, whether brought over by the mining enterprise 
or putrciased from Moroccan firms. ilining capital is only charged 
a registry fee of .5 percent instead of 2.5 percent as are other 
bwsinesses. A rebate of two points is granted on interest oaid 
to the Da;-qua h;atio.nal de Developpement Economique (BNDE) and the 
State will pay 50 percent of infrastructure costs of mining
 

..................o ectsu ..to..a tota..o ..- ,p rc nt-of.the..overa1 projected.......... 
;.ninq investment. 

Our impression of the business climate we encountered was opti
mistic, bu for -urther information it i -. suggested that the 
Economic and Commercial Counselor of the American Embassy in 
Rabat, Joel Spiro, be contacted, or the appropriate officials in
 
the Department of State and Commerce here in Washington. 

The above fa S, observations, and deductions have led to the 
conclusions and recommeondations cited at the beginning of this 
paper. Contacts made are aiztache& as Annex IV. 

Jcsiah Royce 
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Figures A throuch G .Morocco Gcoi.:cic: > -:'
 

Figure H ....................... Schematic Longitudinal Section,

Bc': Azzer Area 

Figure I ....................... 	Bicida C-oper Flow Sheet
 

Figure J ........................ Plan 'Map of Zeida Lead Deposits
 

Figure K ........................ Zeida Lead Flow Sheet
 

Figures M through 0 ............ .....rmaqnetic and Iravimetric
 
Coverace Maos 

E;hibit ' 	 ............................
.. m,n. la::ure Dcs ,1-udes 
Gray -v e tr i ues 

Annex 1 ......................... .ticei ianeouz3 Government o: 
.lr Co .... .
 

An nex II . ....................... Fiscal Aspect
 

Annex III....................... 	Contacts (Met by TDP Team in
 
:MIorocco
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ANNEX I I 

A2RIDGED SU*,""'\" Or ',!00-CcAN 
MINING LAW 

11.3 - Fiscal aspect 

In parallel with the task of setting up an adequate legal

framework the Moroccan State devoted a special attention to the
 
fiscal aspect, because of its reatL.ipact on the promotion of
 
the mining sector. in this field, Morocco took a suecia! care
 
that the rules of the game are ] stable and efficiont.
 
-!?hus, ....if -,the general rule. applied_-throu.jhout theworld,-either-in ...
 
developed or developing countries, makes that the state is entitled
 
to a number of royalties under the mining rent, always complex

and changing to determine, nothing of the kind has been instituted
 
in Morocco. In fact, the Moroccan mining fiscal system is
 
presently composed of two principal elements:
 

- Tax on professional profits, 

- Tax ad valorem on exports.
 

The impact of the tax on professional profits is attenuated 
by several fiscal measures ircluding: 

The deoletion -ih 'e later,allcw.anc:, ,.ill dealt with 

.- The possibility for th fisc.-L - - inistration to grant
comoanies th& witholdinq, under some conditions and when 
determininj the basis of tL.:aticn, of several elements, 
among them the most important,: ones a!e differed amorti
zations and losses during th"-..2 pate- trading years. 

Concerning the ad valorem tax, th, applied rate corresponds 
to the volume produced, the market value of the product and the 
international conjuncture concerning the prices of mining products. 
On the other hand, only the gross exported products are subject to
 
this tax, which makes it 
an incentive to the local valorization of
 
these products. Last it is applied only to the pithead, which
 
reduces its basis to a great ext.ant.
 

As I mentioned earlier, the Moroccan mining fiscal system
 
grants attenuating measures which constitute a geniune transfer
 
to the mining companies of an important part of their fiscal
 
charges. Instead they can be considered a return on taxes and
 
duties. Thus, mining companies can, being exporters, recover the
 
greatest part of taxes on capital goods and consumer goods used
 
in the production process, as well as on services.
 



omv: :j, - ... ... 	 in.. fi.d of fiscal: '-:- t:;: 
atteniation and incentive is ,he d~uletion a].cwance. Indeed, 
in accod.-nce wit:h a dai ,r- & , , scate authorizes cie 
mining coi-oanv to withol2, ta:: free, at the end or the trading 
year, up to 50% of the professional profits or net income and 5% 
of the turnover as a fi.cil povision to he devoted, during 
the three years period of timne following the date of its form
ation, to a nu'nnbr of develo[.mn operations relating to its 
mining activity, mainly: 

-.	Works and ifobilizatiov:s ior prospectin and mining 
research ani the imrove;,nt of the recovery of exploited 
su.bs t ances, 

. aui'tion .:e of shares "n comjanies having for objective 

mining exploitation, 

The setting up of t.:nsformation units of mining prcducts. 

Through this measure, the state aims at encouraging the re
investment of Uapart of the mining appreciation in order to uphold 
and, develop this jictivit-. 

11.4 - Ccde for rain. 

The importance of rhe minincr activity, o:-. one hand, and the 
natural and financLa! constraints a.cng u.is czaivity, on the 
other, urged Morocco to supporc ccmoanies through promulgating a 

- , 	 lcode fcr mining inv stmants can be cons -rod one of the 
most advantageous ones pr-2sent±, in force al. over the world. 
Without going into d'tails, as they he s..:.zlicd elsewhere, IIan 


" 
will confine myself to briefly citJ-,ng the ma advantages granted 
by this code: 

1) Exemntion from fcos for clearence throughI customs: 

On brand new equipment and tooling as well as second hand
 
equipment.
 

2) Exemption from taxes on products
 

All equipment and tooling, imported or locally purchased
 
either directly or through a leasing company, are e::empted from
 
taxes on products. 

3) Reduction of registration duties
 

The proportional capital brought into a business is reduced
 
from 2.5% to 0.5% in case of a formation of a company or an increase
 
of capital.
 

http:develo[.mn


4).... 
 ...r ,-,te on oar.s by the 
. ancue Natici; c evelo..: -.....2::C;.mic:ue DE. is granted. 

5) Participation of the state to infrastzucture expenses 

Up to a ceiling of 15% of the overall projected investment,
the Government takes charges of 50% of the investitments devotedto infrastructure namely the construction of electric lines and
road to give 
access to the rite, supplies in water, the construction of social, educational and sanitary accomodations.
 

6) Exchange requlations - The foreign investor is allowed:
 

- an automatic transfer of the result of the liquidation up
to the invested capital, for all investments carried out

in hard currency, through a clearing account or the debit
side of a cauital account. The transfer of an eventual
appreciation is subjected to authorization.
 

- guarantee of transfer of dividends without limitation.
 

All these advantages are granted
 

- If the 50% of the capital of the company is held by Moroccan'
individuals or legdl entities. The contribution of thestate to the infrastructure requires a minimum investment
effort (presently 500,000 DH) 
as well as a minimumu gener
ated employment (50 employees).
 

Starting from an amount of invastment (30 million Dh, 7.5
million US dollars) ,. the mining project can;be the object of anacreement between 
the state and the promoter granting him more 
important advantages. 
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TO : 	Mr. H. A. Le Sieur, TDP Project Leader
 

FROM 	 John M. Lucas, U.S. Bureau of Mines
 
United States Department of the Interior
 

SUBJECT: 	 Preliminary Report for TDP Mission -

Period 28 January to 13 February, 1982
 

Preliminary discussions with GOM,.officials in Rabat followed by
 
visits to mining operations at Bou Azzer and Bleida have demon
strated that the level of expertise in mining and mineral explor
ation here is well developed. I have been especially impressed
 
with the competence demonstrated by professional geological and
 
engineering staffs at Bou Azzer and Bleida.
 

Following 	examination of the various deposits in the region and
 
discussions with the professional staffs of the Compagnie de
 
Tifnout Tirnamine (CTT) and Omnium Nord-African (ONA) at both
 
Bou Azzer 	and Bleida, I have found that both the methodologies
 
and the techniques employed in the discovery and exploitation of 
eo cobalt and copper ore bodies have been on a much more sophisti

cated level than I had earlier antIcipated. Essentially the same 
may be said for the professional staffs encountered later at the 
Imiter silver mine, the Bou Madine polymetallic deposit and the
 
Zeida lead mine. 

As Dr. Coleman antlv. pointed out earlier, the cobalt deposits of 
Bou Azzer 	 are unique. Conseauently, in the interpretation of the 
ge:Iess of the cobalt deposits and during the selection of 
applicable exploration techniques one cannot draw upon the vast
 
storehouse of knowledge which has been assembled over the years
 
for other types of cobalt deposits and apply them directly at Bou
 
Azzer with any assurance of success. For example, porphyry copper
 
deposits have been discovered and exploited under relatively
 
similar geological conditions worldwide - genetic variations from
 
one deposit to another have been thoroughly studied over a period
 
of many years and the exploration techniques which may be appli
cable for 	a particular region may be applied with a high degree of
 
success elsewhere. That is to say, the results of these many
 
efforts serve as a guide in the exploration for porphyry copper in
 
unexplored areas of favorable geology.
 

The adequacy of the theories for the formation of cobalt deposits
 
in the Bou Azzer area have been found by the CTT/ONA staff and the
 
members of the TDP geological Team to be somewhat flawed and
 
therefore open to further interpretation. Correct interpretation
 
of the genetic and geochemical and geophysical peculiarities of
 

•. the Bou Azzer deposits should result in the further discovery of 
economic deposits of cobalt. 



The CTT/ONA staff has developed a,)d successfully applied a varietyo4exDI oration technius in those areas which are accessible within the limits of 
their budgets and equipment. Unfortunately, the
current world economic recession and the decline in the price of
cobalt may overshadow the possibility of any near-term expansion
in the funds available for exploration and equipment. 
When and if
the price of cobalt improves, I feel that CTT/ONA may wish to consider some of 
the following recommendations which may lead to the
discovery of new deposits 
- especially in -hose deeper unexplored
areas of serpentine which exist in that portion of the El Graara
block from the Tamdrost to the Ait Ahimane deposits and elsewhere:
 

.. COMMENDATIONS FOR FURTHER COBALT EXPLORATIONS 

1. 
CTT/ONA may wish to solicit the expertise of the U.S.G.S.
and/or private exploration groups which have a proven track
record for the successful application.of geochemical, geophysical, and advanced petrogenesis and rock dating technology; especially thos_ techniques which have been developed
to 
indicate the presence of buried structural features such
as 
faults which, in the Bou Azzer area, appear to be one 
of
the principal features related to the development of economic
 
cobalt mineralization.
 

2. To test the validity of the information obtained through #l
(aoove) within a reasonable timeframie and without theexcessi,- costs associated with diamond drilling, C'/ONAay wish to investigate the possibility of leasing or ozher-Sacc -r- ,a 
high capacity percussion drill capable of
rap idly drilling and sampling to a depth of 500 meters or
more. The South Africans have recently successfully testeda percussion drill capable of reaching depths of overmeters. 
 I plan to send information which I have 
900
 

(in my
office) relative to this drill 
to Messrs. Billaud and Ahmed

of the CTT geological staff ASAP.
-

3. 
Aerial infrared photography may, if appropriately applied
bv experts in that field, be used as a tool to locate the
presence of faults or 
zones of weakness which would otherwise be undetectable. 
This technique is something that the
USGS staff may be able 
to expand upon.
 

4. Time consuming surface geological work such as 
sampling,
mapping, drill supervision, etc., 
may be speeded up considerably with the 
use of small motorcycles such as 
the Honda
trailbike, etc. 
 Most of the terrain so far observed would
be ideal for this type of inexpensive transport. If theuser is properly coached in the 
use and obvious hazards
associated with trailbikes, the end results should be
positive from the standpoints of economy of time and money.
 
5 .,,One 
idea in passing which may provide returns to 
the GOM may
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be Lc moVide ruii .... training in prospecting techniques 

Atants of hig,L l mineralized areas such as 
,zo ioc.aL Lfn i. 

Bou Azzer, Bleida, Imitir, etc. Country folk often as not
 

unusual features
 possess an extraordinarily keen eye for 

own 'Turf' especially when incentives

which exist withlin their 
such as a prize or participation in the rewards of a sig

on an equitable basis.nificant fi.nd are extended 


