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Preface

In response to the request of the government of the Kingdom of Morocco, the Japanese
Government decided to enforce various Survey on deposit exploration including geological and
geophysical surveys to evaluate potential of mineral resources in the Marrakech-Tekna area
located in the middle-west of Morocco and entrusted the Japan International Cooperation
Agency (JICA) with the execution of such Survey. Since details of the Survey were concerned
with specialized fields of geology and geological resources, JICA entrusted the Metal Mining
Agency of Japan (MMALJ) to enforce them.

In 2002, the initial year of the Survey, JICA/MMALJ dispatched its survey teams to the site
from September 10 to October 13, 2002 and from January 4 to March 7, 2003.

The field survey program in the area has completed as schedule in cooperation with

Bureau de Recherches et de Participations Minieres (BRPM).

This report summarizing the survey results obtained during the present fiscal year

constitutes a part of our final report.

In conclusion, we would like to express our sincere gratitude to the government
organizations concerned in the Kingdom of Morocco, the Ministries of Foreign Affairs and of
Economy & Industry in Japan, the Japanese Embassy in the Kingdom of Morocco and other
persons concerned for the cooperation and assistance rendered by them in the execution of our

Survey.

March, 2003
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Takao Kawakami

President

Japan International Cooperation Agency
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‘[\ u® Z
Norikazu Matsuda

Chairman of the Board of Directors

Metal Mining Agency of Japan
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Summary

This survey was carried out in Marrakech-Tekna area, the Kingdom of Morocco. The
purpose of this survey is to extract the prospective area of volcanic massive sulfide ore deposit
of cupper-lead-zinc by geological and geophysical survey and mineralization analysis. The
technology transfer to the counterpart organization is also the major purpose of this survey.

As the phase I survey, the geological survey, drilling core observation and airborne
geophysical survey were carried out to analyze the mineralization characteristics of massive
sulfide ore deposit and to obtain the findings to analyze/interpret the results of the above
airborne geophysical survey. As the result of the Survey is as followings.

The ore deposits distributed in Jubilet and Guemassa area are Cu — Pb — Zn — Fe massive
sulfide ore deposits that occurred within the alternating beds of pelites and sandstones, the
alternating beds of pelites and acid volcanic rocks. The shapes of these ore deposits are
layered, massive, lenticular, and banded. The major combination of minerals is pyrrhtite, pyrite,
galena, and chalcopyrite. Acid and/or basic volcanic rocks are distributed in the vicinity of the
ore deposit. The volcanic rocks relates to the mineralization.

The mineralization repeatedly occurred in the massive sulfide ore deposit in the survey
area. From the viewpoint of the combination of minerals, the mineralization stage is divided
into “the early I sub-stage”, “the early II sub-stage” and “the late stage”. The early I sub-stage
mineralization is represented by hexagonal pyrrhotite. The magnetism is comparatively weak.
The early II sub-stage mineralization is represented by monoclinic pyrrhotite. The magnetism is
strong. The late stage mineralization is represented by pyrite. The magnetism is weak.
Furthermore massive sulfide deposits in the can be classified into following three types: “Early |
sub-stage dominant type” (medium magnetic anomaly, representative deposit is Draa Sfar
deposit), “Early I sub-stage + Late stage type” (medium + low magnetic anomaly, Frizen
deposit and Kettara deposit) and “Early Il sub-stage + the late stage” (high + low magnetic
anomaly, Khwadra deposit and Hajar deposit).

According to the result mentioned above, because it is possible that there are not only the
deposit that has high magnetic anomaly but also that has medium to low magnetic anomaly in
the Survey area, following anomalies were selected as survey areas.

1) Low resistivity zone + high to medium magnetic anomaly: possibility of the existence of high
magnetic massive sulfide ore deposit.

2) High magnetic anomaly zone: Possibility of the existence of high magnetic massive sulfide
ore deposit.

3) Low resistivity zone: possibility of the existence of medium to low magnetic massive sulfide

ore deposit.
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PartI The General



Part I: General Remarks
Chapter 1: Introduction

1-1 Purposes of the Survey

Marrakech-Tekna in the Kingdom of Morocco as the target area of our survey has a high
potential of the massive sulfide deposit existence containing multiple metal elements similar to
those in KUROKO in Japan or Iberian pyrite belt distributed in Spain and Portugal, where
BRPM and private mining companies (including those abroad) have energetically enforced their
deposit explorations. The government of the Kingdom of Morocco requested the Japanese
Government in its official correspondence No. 293 dated November 21, 2001 to conduct the
“The Mineral Exploration Survey” as cooperation with the development of mineral resources. In
response to this request, the Japanese Government placed its signature on the Scope of Work
(S/W) and Minutes of Meeting (M/M) on July 17, 2002 and thereby decided to find promising
districts with the existence of massive sulfide deposits and to contrive technical transfer to the
government officers of the country through fields work and analysis of the geological conditions

and mineralization.

1-2 Outline of the Survey
1-2-1 The Survey Area

Out of 2,100 km” as the total survey area, 550 km” was the scope of our exploration where
exploration claims are owned by BRPM alone. Airborne geophysical survey was performed on
a rectangular area of approx. 1,100 km* (34 x 34 km) with Hajar mine and Kwadra deposit
located at its southeast and northwest corners (Fig. I-1 and Table I-1-1 show the coordinate of

the Survey area).

Table I-1-1: Coordinate of the Survey area

Latitude Longitude
Northeastern End 31° 55°00” 8 00°00”
Southeastern End 31° 15°00” 8° 00°00”
Southwestern End 31° 15°00” 8° 30°00”
Northwestern End 31° 35°00” 8 30°00”
Northern End 31° 55°00” 8 15°00”




1-2-2 Contents and Quantities of the Survey

Compilation of existing data, geological survey, existing drilling core logging to identify ore

horizon and airborne geophysical survey are applied as for the Phase I Survey in order to find

survey area of massive sulfide ore deposits.

Table I-1-2 Contents and Quantities of the Survey

Items

Quantity

Geological survey
Drilling core survey

Airborne geophysical survey | 6,853.5km (flight length), 1,110km? (survey area)

2,100km” (entire area),

3638.15 km (core length), 27 existing drilling cores

1-3 Organization of the Survey Team

The survey team consisted of the members below who participated in the survey planning,

negotiation for conclusion of the agreement and the field survey.

(1) Survey planning and negotiation

Japanese side:
(Leader)
Ken Nakayama
(Staff)

Munenori Kikuta

Yoshiki Ebara

Hiroshi Kubota

Hiroshi Shimotori
Moroccan side:

(Leader)

El Bachir BARODI

(Staff)

Hassan MAZNOUDI
M’hamed ANNICH
Ahmed KORCHI
Mustapha CHAIB
Said QUASRI
Abderrahim QALBI

Managing Director of Global Minerals Exploration Group., MMAJ

Mineral Resources Sect., Resources & Fuels Dept.,

Agency of Resources & Energy, Ministry of Economy & Industry
Resources Development & Investigation Sect.,

Mineral Industry Development & Investigation Dept., JICA
Exploration Team, Global Minerals Exploration Group., MMAJ

Overseas Researcher in London, MMAJ

Director of Exploration,

Bureau de Recherches et de Participations Minieres : BRPM

BRPM
BRPM
BRPM
BRPM
BRPM
BRPM



(2) Site survey team (geological survey)

Japanese side:
(Leader)
Hiroshi Kubota
(Staff)
Nobuaki Ishikawa
Hiroshi Shimotori
Moroccan side:
Mustapha CHAIB
Abderrahim QALBI

Exploration Team, Global Minerals Exploration Group, MMAJ

Exploration Team, Global Minerals Exploration Group, MMAJ

Overseas Researcher in London, MMAJ

BRPM
BRPM

(3) Site survey team (airborne geophysical survey)

Japanese side:
(Leader)
Mr. J.C. Radenac
(Staff)
Mr. Gerry Trepanier
Mr. Eric Picaud
Mr. Chris Karpowich
Mr. David Murrary
Mr. Jerzy Wojcicki
Mr. Mustafa Bakkal
Moroccan side:
Mustapha CHAIB
Muhamed NAJAHI
Supervisor at the site:
Hiroshi Kubota

1-4 The Survey Period

Fugro Airborne Survey Pty Ltd

Fugro Airborne Survey Pty Ltd
Fugro Airborne Survey Pty Ltd
Fugro Airborne Survey Pty Ltd
Fugro Airborne Survey Pty Ltd
Fugro Airborne Survey Pty Ltd
Fugro Airborne Survey Pty Ltd

BRPM
BRPM

Exploration Team, Global Minerals Exploration Group, MMAJ

The site survey was conducted in accordance with the schedule indicated in the table

below.

Table I-1-3:  Site Survey Schedule

Description of survey Period

Preliminary survey
Geological survey

Airborne geophysical survey January 4 to March 7, 2003

July 14 to 24, 2002
September 10 to October 13, 2002




Chapter 2: Outline of the Survey Area

2-1 Location and Traffics

The Survey area is located in the south western of Marrakech, and in the north of the
Anti-Atlas Mountains approximately 330km to the south of Rabat, the capital of the Kingdom
of Morocco. Most of the roads running from the capital Rabat to the Survey area were paved
and superhighways were constructed. It takes approximately an hour to drive on the highways
from Rabat to Casablanca and approximately three hours to drive on the paved trunk road from
Casablanca to Marrakech.

In addition to those in Rabat and Casablanca, there is also an international airport in

Marrakech for flights directly to Europe (Paris, London, etc.)

Approx. 100km Approx. 200km Approx. 30km

Rabat —»—— Casablanca ——— Marrakech ——— Survey Area

Superhighway Trunk Road Paved Road

Fig. I-2-1: Route to the Survey Area

2-2 Geography and Climate

The Survey area consists of hilly land, 400 to 800m high from the sea level, which are
smooth on the whole. The area is roughly divided into three parts in different topographies, i.e.
Jebilet mountain area in the north, Haouz plain area in the center and Guemassa mountain area
in the south. Jubilet and Guemassa area consist of regional metamorphosed sedimentary and
volcanic rocks of Palaeozoic age. In Haouz plain, basement rocks of Palaeozoic age are overlain
by sediments from Tertiary to Quaternary age in thickness of 80 to 120 mm, and little outcrops
of rocks have exposed there.

The area is dry with inland climate, and much difference in temperatures is noted between
daytime and night or among seasons; the temperatures rise to more than 40°C in summer and
fall to almost 0°C in winter. With little plantation in general; only olives, citrus fruits, grapes
and wheat suitable to dry land are grown and sheep are pastured. Rainy seasons are from April
to May and from October to November, and the annual rainfall is approximately 300mm.

However, floods sometimes occur resulting from local down pours in the rainy seasons.



Table I-2-1:  Annual Temperatures and Precipitation in Marrakech

0 Jan. Feb. | Mar. | Apr. | May | Jun. Jul. Aug. | Sep. | Oct. | Nov. | Dec.

Highest Temperature("C) 17 20 23 26 29 33 38 38 33 28 23 18

Lowest Temperature("C) 3 6 10 11 14 17 20 20 18 14 10 6

Precipitation (mm) 29 31 31 33 20 8 2 3 10 17 27 34

The above highest and lowest temperatures represent monthly average temperatures, and the precipitation represents

the average monthly figures. (Source: *94 Materials prepared by Tourism Bureau, the Government of Morocco)

2-3 Infrastructure Preparation

Marrakech City located on the east of the survey area is an international tourist city with a
population of 350,000. It has a history of more than 1000 years and is designated officially as
precious assets of world heritage. It’s infrastructure including electricity, water supply, roads,
medical treatment and communications is prepared very well. The roads in the survey area are

sufficiently paved, and cellular phones are usable in most of the area.




Chapter 3: Survey Results and General Examination

3-1 Collection and Analysis of the Existing Data

Exploration of the periphery of this area has been conducted by BRPM and its joint
explorers on Jebilet, Guemassa and Haouz plain. The activities can be divided into three periods
of time as followes;

Around 1930s: Surface survey was performed on gossan in the area of outcrops (Kettara
deposit in Jebilet),

1960s onward: gyophysical survey was performed on the ground concealed deposits and
surface prospects and the underground extension of gossan (Draa Sfar deposit in the south of
Jebilet),

The latter half of 1980s onward: airborne geophysical survey and the ground survey on
concealed deposits (discovery of Hajar deposit in the east of Guemassa mountain mass and
Khwadra deposit in Haouz plain - both of them are concealed deposits).

As a result, we confirmed high-magnetism anomaly in the airborne magnetic survey and
known deposits, especially gossan ranging from Lachach in Jebilet, Kt. Aicha, Kechnet to Jbel
Hedit and gossan ranging from Bensliman to Kerkoz and gossan distributed in the south and
north of Kettara showed extremely good correspondence with each other. Basic volcanic rocks
such as microgabbros, structural elements such as faults and contact metamorphic rocks such as
granites and quarzites distributed in the eastern and western edges of the survey area are found
to have caused the high-magnetism anomaly.

On the other hand, with respect to the anomaly of airborne electro-magnetism (resistivity),
since most of gossan (deposits and mineral occurrences) show middle to low resistivities (~
several hundred /m), and basic volcanic rocks show high resistivities (3000Q/m ~), we
found that the resistivity is effective to identify the two matters similarly showing high
anomalies in airborne magnetism.

As a result of the above examination of the existing data, it can be considered that deposit

potential is high in the parts with high magnetism anomaly and low resistivity.
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Table 1-3-1 List of Summerized Survey Survey HistoryAlready Performed (Jebilet Area)

No. |Area BRPM(-84 REMINEX1(84-88) REMINEX2(88-94) BRPM/some patners
Geol. | Geophy. Drill. Geol. | Geophy. Drill. Geol. | Geophy. Drill. Geol. | Geophy. Drill.
1|DRAA SFAR Carte Mag, 48 Mag, 5: 1998m [Carte Mag, 10c: 4,500m
PS, Grav PPL, 3915m,
EM, Melis 3p: 476m
Res
2|KOUDIAT AICHA  |Carte Mag, 4:405m [Carte, Mag 9:2480m PPL, 2c:
PS, GeoChe m Melis, 1576m,
EM mi Pulse 2p: 495m
3|LACHACH Carte Mag 4:415m |Carte 2:343m |Carte PPL, 5:925m
Mag,
VLF,
Melis
4|DRA TRIFANI Carte Carte Mag, 3p: 612m
PPL
5|KERKOZ Carte Mag, 6: 610m Carte Mag 3p: 585m
PS,
EM,
Res
6|EL_MNA Carte Mag,
PPL
7(J_HADID Carte Mag, 2:260m Mag Mag 1p: 156m
PS,
EM
8|Kt. HAMURA Carte Carte Mag 1: 112m_|Carte PPL
9|Kettara East Mag Carte Mag 1:211m |Carte,
Geochem
10[NZALET HAMEL Mag Grav 1: 253m Mag
11|BEN SLIMAN Carte Mag, 10 Mag 1: 196m |Carte
PS, 1147m
EM,
Res
12|BOUHANE Carte Mag, 3:383m
PS,
EM
13|Dra SELGOUF Carte Mag, 3:321m |[Carte,
/GOURSEFRA PS, Geochem
EM i
14|J.SARHLEF PS Carte,
Geochem
15[Dr RHIRAT Mag 1: 249m
16|No.27 Mag 1:221m
(north Bouhane!
17|No.15 Mag 1:222m
(east Si MBAREK)
18|No.26 Mag
(DRAA EL KEBIR)
19|No.29 Mag
(southwest
20|No.10 Carte Mag
21|No.4 Mag
(A'ZIB Al BACHA)
22[SAFSAFA
23|KHWADRA Mag, 20:
Grav, 11,126m
EM
24|KETTARA
25|KOUDIAT DELAA
26[No.24

(Data Source : BRPM)
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Table [-3-1

List of Summerized Survey Survey HistoryAlready Performed (Guemassa Area)

No. |Area BRPM(64-66) BRGM(82-87) BRPM(84-87) BHP-UTAH(87-89) JICA(87-90) BRPM(90- )
Geol. |Geophy| Dirill. Geol. |Geophy| Dirill. Geol. |Geophy,| Drill. Geol. |Geophy| Dirill. Geol. |Geophy,| Drill. Geol. |Geophy| Dirill.
1 SALEM Mag
2 TAGUENZA 1/5000 |Mag
3 |TAMESLOHT Mag Mag,
Pulse
4 |AL MRAH 1/5000 [Mag, |5:
Grav, |2433m
Pulse
5 |AMZOUGH 1/5000 [Mag, 1/2000 |Mag, [2:537m 1/10000|IP, Grav|4: 400m|1/2000 |Mag, [3:521m
PS Reses Grav, |(+P)
Pulse
6 BEL AOUD Mag, Mag, [1:100m
Grav, Pulse
Reses
7 LALLA Mag Pulse Mag, 1:***m
ATTOUCH Grav__|(+P)
8 |SOUKSOU 1/5000 [Mag, |[1:371m
Grav,
Pulse
9 |GHOULA 1/5000 [Mag, 1/5000 [Mag, |[1:120m 1/5000 [Mag, |2:835m
PS Max- Grav,
Min, Pulse
Pulse
10 [ANABIA Mag(T) 1/5000
11 [HALOUDI EAST Mag, Mag, [1:404m
Pulse Pulse [(+P)
12 [HALOUDI WEST 1/10000|Mag, Pulse [1:365m
Grav (+P)
13 [MJED-NORTH 1/10000 1/5000 [Mag,
Max-
14 |MEJED 1/10000|Mag, 1: 250m 1/5000 [Pulse |3:949m
Grav (+P)
15 |[MEJED-SOUTH
16 |EL KARIA 1/5000 |Mag,
Pulse
17 [NZALA-SOUTH 1/5000 |Mag,
Max-
18 [NAZALA-EAST 1/5000 |Mag,
Pulse
19 [NAZALA-WEST 1/5000 |Mag,
Max-
20 |TAOUILILT 1/5000 |Mag,
Max-
21 |FRIZEM 1/1000 (Mag 8: 1/2000 |PS, 1/5000 |Mag, [9: 1/5000 [Mag,, |3:388m|1/10000|IP 3: Mag, |[5:
1269m |1/5000 [VLF, PS, 2503m VLV, 1200m Grav, [2195m
Grav, Turam, Max- Son,
Max- Misea la Min, Elec
Min, Mas Pulse
Elec
22 |ARISSA 1/5000 |Max-
Min,
Mag,
Pulse
23 |FRIZEM SOUTH Mag,
Max-
24 |SALEK 1/5000 |Max-
Min,
Mag
25 |NSAFER Mag,
Pulse
26 |MOUKARA Mag, Mag,
Pulse Grav
27 |EL HEDOUD Mag, Mag, [1:255m
Pulse Grav,
Pulse,
SE
28 |YASMIN Mag,
Grav

-11 -
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Table 1-3-2:

List of Major Airborne Geophysical Surveys

Year

Area

Specification

Contractor

1964

Jebilet Central, Rehamma

Method : Mag

Spacing of Line : 500m
Direction of Line :
Altitude : 100m

Total Liniear

SAPA

1968

Guemassa, Jebilet Central

Method : Mag, Input
Spacing of Line : 200m
Direction of Line : E-W
Altitude : 100-150m
Total Liniear 2640km

Geoterrex

1971

Jebilet, Guemassa,
Central Morocco

Method : EM

Spacing of Line : 3000m
Direction of Line : (U.K)
Altitude : 600m

Total Liniear : (U.K)

CGG

1985

Haut Atlas west,
Haouz central
(BRPM)

Method : Mag, VLF
Spacing of Line : 3000m
Direction of Line : (U.K)
Altitude : 600m

Total Liniear : (U.K)

ARMIC

1987

Guemassa (BRPM/BHP-UTAH)

Method : Mag, EM Geotem 12 ch
Spacing of Line : 275m
Direction of Line : E-W

Altitude : 120m

Total Liniear 3685km

Travers spacing : Skm

Geoterrex

1997

Guemassa, Jebilet
(BRPM-OUTOKUMP-CMG)

Method : Mag, Furequential EM
Spacing of Line : (U.K)
Direction of Line : E-W
Altitude : 30-50m

Total Liniear 3800km

GTK

-13-
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Fig.I-3-3 Interpretation map of existing Airborne Geophysical data
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3-2 Geology and Mineralization

(1) General Geology
The central Jubilet in the north of the Survey area consists of the basement rocks that were
deposited with the strike of the direction approximate NS or NNE — SSW and the dip to the east.
On the other hand, the geological structure of Guemassa in the south of the Survey area consists
of the sediments with the strike of the direction NNW — SSE or NE — SW and the dip to the east.
The basement rocks are mainly composed of pelite rocks of Devonian - Carboniferous -
Permian that are interbedded with limestone, tuff and psammytic rock layers. Besides them, the
basement rocks are interbedded with many acid or basic sills.
The geology of Visean, upper Carboniferous, in the central Jubilet and Guemassa, is
composed of pelite rocks, acid volcanic rocks, basic volcanic rocks, rhythmic alternation,
phyllite of the Sarhlef Formation, and carbonate rocks and pelite rocks of the Tequsim

Formation that is the upper of the Sarhlef Formation (Fig.I-3-4, Fig.[-3-5)

(2) Characteristics of sedimentary rocks

Sedimentary rocks consist of shale, slate and schist and include much sericite, chlorite etc.
by microscopic observation and X-ray diffraction. They are highly affected by regional
metamorphism and alteration of ore mineralization. Variation of alkaline alteration strength at
hanging wall and footwall of massive sulfide ore deposit was studied by boring core and the
result showed some high alteration strength at hanging wall side. This indicates the possibility
that hydrothermal activity continued for some time after formation of the ore deposit or was
overlapped by another hydrothermal activities. As for major elements, positive correlation with
AlLO;5 and TiO, which are said to inflect the origin of broken chips, and V, K,O and P,O; and
negative correlation with SiO,, CaO and Fe,O; exist and the trends of general sea floor
sediments are recognized. The dispersion of SiO, in Hajar, Draa Sfar, and Kettara deposits is
due to the supply of detritus origin material by acid volcanic activity. The content of CaO has a
tendency to be higher than others in Khwardra deposit because the supply of biogenic origin
material is higher than others. As for rare earths pattern, LREE is rich and Eu anomaly is
observed. This is due to island arc volcanic detritus origin material. The tendency that total rare
earths (TREE) increases at the hanging wall side of the ore deposit is considered to be due to the
move of rare earths from the hanging side to the floor side by hydrothermal solution. Sulfur
isotope of sulfide in pelite varies from about -35 % to +25 % and has tendency to be lighter at
hanging wall side than floor wall side. This tendency seems to indicate that the environment of
sedimentation changes from Anoxic environment to oxidic environment according to Kajiwara

(1989), Kajiwara and Kaiho (1992), Komuro (1999).
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(3) Characteristics of igneous rocks

Chemical composition and radioactive dating were studied on the volcanic rocks
distributing in the neighborhood of each ore deposit in this area. The result of the chemical
composition analysis showed the rare earths pattern of acid volcanic rocks (rhyolite) in Hajar,
Khwardra, and Draa Sfar deposits has light rare earths abundantly and flat pattern having Eu
anomaly. As for major components, similar tendency indicating negative correlation with SiO,,
K,O, Rb, Ba and Cs is seen so that these acid volcanic rocks are considered to have similar
geochemical properties. However, the neighboring Safsafa deposit has different properties or the
acid volcanic rocks (tonalitic mylonite) of. Also when comparing the basic volcanic rocks
(dolerite) of this area with besalt, LIL element and HFS element of other area, it was found that
the basic volcanic rocks of this area has features of island arc dolerite having much LIL element
and differs from N-MORB which has poor LIL and HFS.

From the results of the measurement of K-Ar radioactive dating aiming at grasping
mineralizing dating and igneous activity dating, volcanic rocks are classified to plutonic igneous
activity, acid volcanic activity, mineralizing alteration (Guemassa) and mineralizing alteration
(Jebilet). The datings of plutonic igneous activity and acid volcanic activity are 290 to 360 Ma,
the dating of mineralizing alteration (Guemassa) is 260 to 320 Ma and are equivalent to the late
stage of the activities of abyssal rock and volcanic rock, and the dating of mineralizing

alteration (Jebilet) is equivalent to after the activities of plutonic rocks and volcanic rocks.

(4) Characteristics of Mineralization
The ore deposits in Jubilet and Guemassa districts are the Cu-Pb-Zn-Fe massive sulfide ore
deposits that were embedded in sedimentary rocks and volcaniclastic rocks of Sarhlef
Formation, Visean.

Kettara deposit in the centeral Jubilet, Draa Sfar and Khwadra deposits in the southern end of
the Jubilet mountain massif forming the boundary area of the basement and Tertiary layer, Hajar
deposit in the western end of the Guemassa, and Frizen deposit in the east are the main massive
sulfide ore deposits in this area.

The shapes of these ore deposits are layered, massive, lenticular, and banded. The major
combination of minerals is pyrrhtite, pyrite, galena, and chalcopyrite. Acid and/or basic volcanic
rocks are distributed in the vicinity of the ore deposit. The volcanic rocks relates to the

mineralization.

(5) Characteristics of Sulfide Ore deposits

The purpose of this Survey is to find the potential area of massive sulfide deposits by
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examining the geology and mineral occurrences in Jubilet and Guemassa area, referring to the
characteristics of the concealed massive sulfide ore deposit in the Marrakech district, For this
purpose, the characteristics of the massive sulfide ore deposit that were obtained by the

geological survey, study of past drilling cores and the laboratory works are shown below.

1) Classification of Mineralization and the Mode of Occurrence of Pyrrhotite

Khwadra, Draa Sfar, Kettara, Hajar, and Frizen deposits are classified as the massive
sulfide ore deposits by the deposit shape, the combination of minerals and related igneous rocks.
It becomes obvious that these ore deposits were formed by repetition of mineralization in the
early stage and the late stage, considering the mode of occurrence of these ore deposit, ore
minerals and alteration of the host rocks. The classification of mineralization and the
combination of minerals and gangue minerals are shown in Fig.[-3-8. The characteristics of the
mineralization and the combination of ore and gangue are listed in Table I-3-3. There is no
known paper that described the classification of mineralization and the repetition of
mineralization about the massive sulfide ore deposits in Morocco.

The early stage and the late stage mineralization are represented by pyrrhotite and pyrite
respectively from the viewpoint of Fe-S minerals. The early stage of mineralization is divided
into the early I sub-stage and the early II sub-stage in the Khwadra ore deposit and the Hajar ore
deposit. The former is represented by hexagonal pyrrhotite and the latter is represented by
monoclinic pyrrhotite. Hexagonal pyrrhotite crystallized in the early I sub-stage was generally
changed to monoclinic pyrrhotite in wide area by the mineralization of the later stage. On the
other hand, monoclinic pyrrhotite crystallized in the early II sub-stage was changed to marcasite.
The sulfide minerals that were crystallized in each stage of mineralization coexist with quartz.
The accumulated histogram of the homogenized temperature of fluid inclusion within quartz is
shown in Fig.I-3-9.

The homogenized temperature of fluid inclusion within quartz that coexists with hexagonal
pyrrhotite of the early 1 sub-stage is 270 — 280 ‘C. Monoclinic pyrrhotite of the early II
sub-stage was directly crystallized with quartz and sphalerite under the temperature 300 C
(230 — 250 “C). The homogenized temperature of fluid inclusion of quartz that coexists with
pyrite and sphalerite is 200 — 250 C.

The composition of the pyrrhotite crystallized in the different mineralization stage changed
according to the different mineralization stage, and after the crystallization the component
changed according to the fs, change of the different mineralization in the massive sulfide ore

deposit in this area.
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Fig. I-3-8 Mienral assemblage at each stage
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2) Characteristics of Sulfur Isotope Ratio

The characteristics of sulfur isotope ratio were studied to understand the difference of the
mineralization environment of the early stage and the late stage in Khwadra, Draa Sfar, Kettara,
Hajar and Frizen deposits. The accumulated histogram of sulfur isotope ratio of each
mineralization stage in each ore deposit is shown in Fig.I-3-10. Referring to the Figure, the
differences of the ratio in the early stage by the ore deposit are distinct. That is, the ratio, from
lowest to highest, is in Khwadra deposit, Draa Sfar deposit, Kettara deposit, Hajar deposit, and
Frizen deposit.

The marked variation of the sulfur isotope ratio within one ore deposit or within one
ore-bearing area is in sharp contrast to the uniform sulfur isotope ratio of the KUROKO deposit
in Japan. The following reasons are considered as the causes of the difference; the difference of
the physical and the chemical conditions of mineralization, the mixing of sulfur of organic
origin and the restriction of supply of seawater origin sulfur to the hydrothermal water in the
mineralization. Based on the above consideration, it is considered that there is a relatively large
effect of mixing of organic origin sulfur in Khwadra deposit, and the relatively large

contribution of magma origin sulfur to mineralization in Hajar deposit.

3) Mineralization and Magnetism

It becomes obvious that the magnetism of the area around each ore deposit is related to the
characteristic of the polymorphism of pyrrhotite of each ore deposit. That is, the high magnetic
anomalies are detected in Khwadra and Hajar deposits where the monoclinic pyrrhotite
characteristically occurs. On the other hand, a high magnetic anomaly area and a low magnetic
anomaly area are adjacent in Draa Sfar deposit where hexagonal pyrrhotite and monoclinic
pyrrhotite coexist. The low magnetic anomalies were only detected in Kettara deposit and
Frizen deposit where hexagonal pyrrhotite and pyrite coexist.

Therefore, it is pointed out that the possibility of existence of a Pb—Zn massive ore deposit
with low magnetism that consists of hexagonal pyrrhotite and pyrite in the medium to low
magnetic anomaly area like Kettara deposit and Frizen deposit, and the possibility of existence
of a Pb—Zn massive sulfide ore deposit with relatively low magnetism that consists of hexagonal
pyrrhotite and monoclinic pyrrhotite in the area where a high magnetic anomaly area and a low

magnetic anomaly area are adjacent.

4) Conclusion
The total review of sulfide ore is summarized in Table 1-3-4. The following finings about
the massive sulfide ore deposit of Morocco was obtained.

(1) The mineralization repeatedly occurred in the massive sulfide ore deposit in the survey area.
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2

3)

“)

)

From the viewpoint of the combination of minerals, the mineralization stage is divided into
the early I sub-stage, the early II sub-stage and the late stage.

- The early I sub-stage mineralization is represented by hexagonal pyrrhotite and its
magnetism is comparatively weak.

- The early II sub-stage mineralization is represented by monoclinic pyrrhotite and its
magnetism is strong.

-The late stage mineralization is represented by pyrite. The magnetism is weak.
The mineralization temperature was 270-280 °C in the early I sub-stage, 230— 250 C in
the early II sub-stage and 200250 “C in the late stage, judging from the homogenized
temperature of fluid inclusion of quartz which coexists with sulfide ore minerals.
The marked variation of sulfur isotope ratio within the area is explained by the difference of
the physical and chemical conditions, mixing of the sulfur of organic origin and limitation
of providing sulfur of seawater origin to the hydrothermal water. It is considered that in
Khwadra deposit, the contribution of the sulfur mixing of organic origin was effective, and
in Hajar deposit and Frizen deposit, the contribution of the sulfur of magma origin was
relatively effective.
According to the above fact, the classification of the ore deposit types is following three
types of ore deposits seem to exist in this area:

(a) Early I sub-stage dominant type

Medium magnetic anomaly [Draa Sfar deposit]
(b) Repeated type of the early I sub-stage + the late stage
Medium + low magnetic anomaly [Frizen deposit, Kettara deposit]
(c) Repeated type of the early II sub-stage + the late stage

High + low magnetic anomaly [Khwadra deposit, Hajar deposit]
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3-3 Airborne Geophysical Survey
(1) Outline of the airborne geophysical survey

The purposes of the airborne geophysical survey in the Phase I was to find potential of
massive sulfide ore deposits in the Survey for consideration of the area of detail survey in Phase
II. Airborne magnetic and electro-magnetic survey was carried out in the field and examined
existing data of airborne geophysical survey in the Phase 1.

The survey area (Tekna area) was an area of about 1,110km” between the Jebilet
mountain massif and the Guemassa mountain massif, which lies southwest of
Marakkech. We use the fixed wing aircraft for data acquisition. Out line of

specification of the survey are summarized in Table.I-1-5.

Table I-3-5 Specifications of the Airborne Geophysical Survey

Item Description
Traverse line length 6853.5km
Traverse line interval 200m (East-to-west direction)

1,000m (South-to-north direction)

Terrain clearance 120+=20m

Electromagnetic measurement system | Time domain measurement (GEOTEM)

(2) Result of the survey
The grid data that was acquired in this survey includes one kind of magnetic data (residual
magnetic intensity) and four kinds of electromagnetic data (apparent conductivity, total energy

envelope, decay constant, and moment).

1) Airborne magnetic data

According to the data of Residual Magnetic Intensity (RMI) and Total Magnetic Intensity
(TMI), the southern part of the area is a low magnetic zone and its northern part a high magnetic
zone. The boundary between these two zones almost corresponds to that between the flat ground
and the hill. Judging from this, the boundaries seemingly originate from its geological structure
such as a fault (NE-SW).

A high magnetic anomaly zone in the northern magnetic zone is relatively large with its
diameter of 2-4km. There is a high magnetic anomaly with its diameter of about 8km at the
northeastern end of the area, which seems to be a stock of granites.

There are dotted slight magnetic anomalies with their diameter of 200m from the center of the

high magnetic zone in the northern part of the area. On the eastern part, there is a repetition of
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minor magnetic rolls extending in the NW-SW direction. Judging from their appearances, they
may be related to the stratification or schistosity.

The low magnetic zone on the southern side has a NW-SE trend as a whole, and there is a
wide low magnetic anomaly zone with the same trend extending especially on its central part.
There are a high magnetic anomaly (almost corresponding to the Hajar deposit) at the eastern
end of the zone and a high magnetic anomaly (a part of it almost corresponding to the Frizen ore
deposit) at the western margin of the zone. The zone has a structure looking as if it has been cut
in several sections by NE-SW faults.

There is a high magnetic anomaly with its diameter of 1-3 km confirmed in the western and

eastern directions outside of the wide low magnetic anomaly zone.

2) Airborne electromagnetic data

Overviewing a drawing obtained from four kinds of electromagnetic data (apparent
conductivity, total energy envelope, decay constant, and moment), all data indicate the same
tendency in general, but there are differences in details. Culture noises due to
power-transmission wires, etc. are almost removed in the total energy envelope, but remains
remarkable in the moment and the decay constant. In the apparent conductivity, they are almost
removed on the western side of the area and remains on its eastern side.

Resistivity structures on the northern and southern sides of a national highway running
NE-SW in the middle of the area are different from each other, and the highway boundary
seemingly corresponds to the boundary between its geological structures.

According to the Apparent conductivity map, on the southern side of the resistivity boundary
dividing the area into two parts, a high resistivity zone with its large distribution area on the
western part and some high resistivity zones on the eastern part almost correspond to the
exposed part of bedrocks (Paleozoic carboniferous-series sedimentary rocks and pyroclastic
rocks) on the existing geological map. And it is obvious that the bedrocks generally show a high
resistivity. On the other hand, almost the entire part other than the bedrocks exposed is an area
where the Neogene’s sediments (mp) distribute and the area has a low resistivity. Also, most of
the distribution area (q) of the Quaternary sediments on the eastern part shows its low resistivity.
It seems that there is a clear boundary between the high resistivity part which seems to be
bedrocks and the low resistivity part around the former part and that the outcrop of a stratum
boundary with its sharp inclination is covered.

The northern side generally has low-to-mid resistivity, but there is an area nearing the
resistivity boundary in the middle, in a part of which a high resistivity distributes. There is a

remarkable low resistivity zone confirmed on the western part. Comparing the part with the
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existing geological map, the zone corresponds to the distribution area (mp, pV2) of the
Neogene’s sediments. Besides, in the regional low-to-middle resistivity zones, a large number of
marked local low resistivity areas of 200 — 2000 m are seen. No particular regularity is observed

in the distribution or arrangement.

3) Interpretation
Interpreting the geology of the survey area by combining airborne magnetic survey data

with airborne electromagnetic survey data gives following results:

(1) South of the boundary of resistivity at the center of the survey area (NE-SW system)

The distribution area of basement rock (exposed and concealed outcrop) is a part extracted
as a low magnetic zone by RMI and low resistivity zone by the decay constant. It is thought that
the resistivity is high with a shallow outcrop of basement rock and middle with a deep one. All
from igneous rocks through volcanic clastic rocks occur at 3 points: southeast (Hajar deposit),
west (Frizen deposit) and north. In addition, magnetic indications suggestive of the occurrence
of the said rocks in other area can be observed.

Given as promising sites are those where there is concurrence of local low resistivity and

high magnetic anomaly or where these two are adjacent.

(2) North of the boundary of resistivity at the center of the survey area (NE-SW system)
As a result of studying the airborne magnetic survey data, it is estimated that physical

properties (resistivity) of the basement rocks in this area is largely different from that of the
south side. A comparison between the total energy envelope (resistivity structure at shallow
part) and the decay constant (resistivity structure at a deep zone) make it possible to extract the
following 3 areas:
(a) Area at the west end: low resistivity from shallow through deep part
(b) Central area extending from east to west: middle/high resistivity at shallow part - low
resistivity at deep part
(c) Northern area extending from east to west: low resistivity at shallow part-middle
resistivity at deep part
If in the areas (b) and (c) there is a basement rock with concealed outcrop, the location
containing igneous rock to volcanic clastic rock shows a high magnetic anomaly with a
diameter of 2 to 4 km as verified by RMI.
Given as promising sites are the zones of overlapping local low resistivity and high
magnetic anomaly locally or where these two are adjacent. Such a zone are obtained in the

northwest area and around high magnetic anomalies that is considered granite stock in the
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northeast area.

2) Potential of existing massive sulfide deposits

Areas where following airborne geophysical anomalies had been observed were selected as
survey areas considering the probability of the existence of mineral deposit due to low
resistivity and magnetic anomaly, and medium to low magnetic anomaly obtained by airborne

geophysical survey.

(1) Low resistivity zone + high to medium magnetic anomaly
(a) The area where low resistivity zone overlaps medium magnetic anomaly which exist
numerously from Khwadra deposit at northwest part of the airborne geophysical survey
area to Choula district in Guemassa though marked high magnetic anomaly was not
obtained by the survey at this time.
(b) Low resistivity area existing in relatively large scale high magnetic anomaly in the
northeast part, western part of Marrakech airport.
(2) High magnetic anomaly part
(a) Small scale medium to high magnetic anomaly zone dotted in relatively large scale high
magnetic anomaly in the north east part, western part of Marrakech airport.
(b) Small scale medium to high magnetic anomaly zone dotted in relatively large scale high
magnetic anomaly at south west part of Khwadra ore deposit, Nasfar.
(3) Low resistivity part
(a) Low resistivity zone near Tamasloht, eastern direction of Ghoula. Magnetic anomaly is

not seen.
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Chapter 4: Conclusion and Recomendation

4-1 Conclusion
(1) Geology and Mineralization
(Geology and Ore Showing in Jubilet District and Guemassa District)

The central of the Jubilet in the north of the area consists of the basement rocks that were
deposited with the strike of the direction approximate NS or NNE — SSW and the dip to the east.
On the other hand, the geological structure of Guemassa in the south of the area consists of the
sediments with the strike of the direction NNW — SSE or NE — SW and the dip to the east. The
basement rocks are mainly composed of pelite rocks of Devonian - Carboniferous - Permian
that are interbedded with limestone, tuff and psammytic rock layers. Besides them, the basement
rocks are interbedded with many acid or basic sill. The geology of Visean, upper Carboniferous,
in the central Jubilet mountain massif and Guemassa district, is composed of pelite rocks, acid
volcanic rocks, basic volcanic rocks, rhythmic alternation, phyllite of the Sarhlef Formation,
and carbonate rocks and pelite rocks of the Tequsim Formation that is the upper of the Sarhlef
Formation.

The ore deposits in Jubilet and Guemassa districts are the Cu-Pb-Zn-Fe massive sulfide ore
deposits that were embedded in sedimentary rocks of Visean and volcaniclastic rocks.

Kettara deposit in the central Jubilet, Draa Sfar and Khwadra deposits in the southern end
of the Jubilet mountain massif forming the boundary area of the basement and Tertiary layer,
Hajar deposit in the western end of the Guemassa and Frizen deposit in the east are the main
massive sulfide ore deposits in this area.

The shapes of these ore deposits are layered, massive, lenticular, and banded. The major
combination of minerals is pyrrhtite, pyrite, galena, and chalcopyrite. Acid and/or basic volcanic
rocks are distributed in the vicinity of the ore deposit. The volcanic rocks relates to the

mineralization.

(Characteristics of Sulfide Ore minerals)

Kettara deposit in the centeral Jubilet, Draa Sfar and Khwadra deposits in the southern end
of the Jubilet mountain massif forming the boundary area of the basement and Tertiary layer,
Hajar deposit in the western end of the Guemassa, and Frizen deposit in the east are the main
massive sulfide ore deposits in this area. The shapes of these ore deposits are layered, massive,
lenticular, and banded. The major combination of minerals is pyrrhtite, pyrite, galena, and
chalcopyrite. Acid and/or basic volcanic rocks are distributed in the vicinity of the ore deposit.
The volcanic rocks relates to the mineralization.

Khwadra, Draa Sfar, Kettara, Hajar, and Frizen deposits are classified as the massive
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sulfide ore deposits by the deposit shape, the combination of minerals and related igneous rocks.
It becomes obvious that these ore deposits were formed by repetition of mineralization in the
early stage and the late stage, considering the mode of occurrence of these ore deposit, ore
minerals and alteration of the host rocks.

The early stage and the late stage mineralization are represented by pyrrhotite and pyrite
respectively from the viewpoint of Fe-S minerals. The early stage of mineralization is divided
into the early I sub-stage and the early II sub-stage in the Khwadra ore deposit and the Hajar ore
deposit. The former is represented by hexagonal pyrrhotite and the latter is represented by
monoclinic pyrrhotite. Hexagonal pyrrhotite crystallized in the early I sub-stage was generally
changed to monoclinic pyrrhotite in wide area by the mineralization of the later stage. On the
other hand, monoclinic pyrrhotite crystallized in the early II sub-stage was changed to marcasite.
The homogenized temperature of fluid inclusion within quartz that coexists with each stage of
mineralization, the early I sub-stage mineralization is 270 — 280 °C, the early II sub-stage
mineralization is 230 — 250 °C, the late-stage mineralization is 200 — 250 °C.

The marked variation of the sulfur isotope ratio within one ore deposit or within one
ore-bearing area is in sharp contrast to the uniform sulfur isotope ratio of the KUROKO deposit
in Japan. The following reasons are considered as the causes of the difference; the difference of
the physical and the chemical conditions of mineralization, the mixing of sulfur of organic
origin and the restriction of supply of seawater origin sulfur to the hydrothermal water in the
mineralization. Based on the above consideration, it is considered that there is a relatively large
effect of mixing of organic origin sulfur in Khwadra deposit, and the relatively large

contribution of magma origin sulfur to mineralization in Hajar deposit.

(Mineralization and Magnetism)

That is, the high magnetic anomalies are detected in Khwadra and Hajar deposits where the
monoclinic pyrrhotite characteristically occurs. On the other hand, a high magnetic anomaly
area and a low magnetic anomaly area are adjacent in Draa Sfar deposit where hexagonal
pyrrhotite and monoclinic pyrrhotite coexist. The low magnetic anomalies were only detected in
Kettara deposit and Frizen deposit where hexagonal pyrrhotite and pyrite coexist.

Therefore, it is pointed out that the possibility of existence of a Pb—Zn massive ore deposit
with low magnetism that consists of hexagonal pyrrhotite and pyrite in the medium to low
magnetic anomaly area like Kettara deposit and Frizen deposit, and the possibility of existence
of a Pb—Zn massive sulfide ore deposit with relatively low magnetism that consists of hexagonal
pyrrhotite and monoclinic pyrrhotite in the area where a high magnetic anomaly area and a low
magnetic anomaly area are adjacent.

According to the above fact, the classification of the ore deposit types is following three
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types of ore deposits seem to exist in this area:
(a) Early I sub-stage dominant type
Medium magnetic anomaly [Draa Sfar deposit]
(b) Repeated type of the early I sub-stage + the late stage
Medium + low magnetic anomaly [Frizen deposit, Kettara deposit]
(c) Repeated type of the early II sub-stage + the late stage

High + low magnetic anomaly [Khwadra deposit, Hajar deposit]

(conclusion)
As the result of consideration of geology, existing drilling core and laboratory works,
following exploration index are obtained.
(a) Districts of expecting distribution of rhythmic alternation of Sarhlef formation under
deeper surface.
(b) Districts of expecting distribution of acidic volcanic rocks of Sarhlef formation under
deeper surface.
(c) Districts of expecting existing of massive sulfide ore deposits that has magnetic

anomaly mentioned above under coverage of Tertiary or later.

(2) Airborne geophysical survey
(Geological structure)

Interpreting the geology of the survey area by combining airborne magnetic survey data
with airborne electromagnetic survey data shows that magnetic and resistivity structure is
different in north and south of the boundary of resistivity at the center of the survey area
(NE-SW system) in this area.

In the south distribution area of basement rock is a part extracted as a low magnetic zone
by RMI and low resistivity zone by the decay constant. It is thought that the resistivity is high
with a shallow outcrop of basement rock and middle with a deep one. All from igneous rocks
through volcanic clastic rocks occur at 3 points: southeast (Hajar deposit), west (Frizen deposit)
and north. In addition, magnetic indications suggestive of the occurrence of the said rocks in
other area can be observed. Given as promising sites are those where there is concurrence of
local low resistivity and high magnetic anomaly or where these two are adjacent.

In the north resistivity structure make it possible to extract the following 3 areas:

(a) Area at the west end: low resistivity from shallow through deep part
(b) Central area extending from east to west: middle/high resistivity at shallow part - low
resistivity at deep part

(a) Northern area extending from east to west: low resistivity at shallow part-middle
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resistivity at deep part
If in the areas (b) and (c) there is a basement rock with concealed outcrop, the location
containing igneous rock to volcanic clastic rock shows a high magnetic anomaly with a
diameter of 2 to 4 km as verified by RMI. Given as promising sites are the zones of overlapping
local low resistivity and high magnetic anomaly locally or where these two are adjacent. Such a
zone are obtained in the northwest area and around high magnetic anomalies that is considered

granite stock in the northeast area.

(Potential of existing massive sulfide deposits
Areas where following airborne geophysical anomalies had been observed were selected as
survey areas considering the probability of the existence of mineral deposit due to low
resistivity and magnetic anomaly, and medium to low magnetic anomaly obtained by airborne
geophysical survey.
(1) Low resistivity zone + high to medium magnetic anomaly
(a) The area where low resistivity zone overlaps medium magnetic anomaly which exist
numerously from Khwadra deposit at northwest part of the airborne geophysical survey
area to Choula district in Guemassa though marked high magnetic anomaly was not
obtained by the survey at this time.
(b) Low resistivity area existing in relatively large scale high magnetic anomaly in the
northeast part, western part of Marrakech airport.
(2) High magnetic anomaly part
(a) Small scale medium to high magnetic anomaly zone dotted in relatively large scale high
magnetic anomaly in the north east part, western part of Marrakech airport.
(b) Small scale medium to high magnetic anomaly zone dotted in relatively large scale high
magnetic anomaly at south west part of Khwadra ore deposit, Nasfar.
(3) Low resistivity part
(a) Low resistivity zone near Tamasloht, eastern direction of Ghoula. Magnetic anomaly is

not seen



4-2 Recommendation for the Second Year’s Program
Khwadra, Draa Sfar, Kettara, Hajar, and Frizen deposits are classified as the massive
sulfide ore deposits by the deposit shape, the combination of minerals and related igneous rocks.
It becomes obvious that these ore deposits were formed by repetition of mineralization in the
early stage and the late stage, considering the mode of occurrence of these ore deposit, ore
minerals and alteration of the host rocks, and that each deposit has a different magnetic feature.
Areas where following airborne geophysical anomalies had been observed were selected as
prospecting areas considering the probability of the existence of mineral deposit due to low
resistivity and magnetic anomaly obtained by airborne geophysical prospecting, and medium to
low magnetic anomaly obtained by geological survey.
1) Low resistivity zone + high to medium magnetic anomaly zone: possibility of the existence
of high magnetic massive sulfide ore deposit.
2) High magnetic anomaly zone: possibility of the existence of high magnetic massive sulfide
ore deposit.
3) Low resistivity zone: possibility of the existence of medium to low magnetic massive
sulfide ore deposit.
We recommend followings as the second year survey:
1) Conducting gravitational survey, based on the property that the high density of
massive sulfide ore deposit, as well as ground magnetic and electromagnetic survey
to narrow the potential zone of existing massive sulfide ore deposit.
2) Conducting a drilling survey in the geophysical survey anomaly zone extracted by
ground geophysical survey to confirme the underground geological structure and

the condition of mineralization.
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Part II: Details of the Survey

Chapter 1:  Survey of the Existing Data

1-1 Method of the survey
The existing data on geology and deposits were collected, converted into digital data to be

compatible with GIS and compared with the existing data of airborne geophysical explorations.

1-2  Results of the survey
1-2-1 Outline of previous survey

The periphery of the area whose survey was requested includes Jebilet of north side and
Guemassa/Haouz of south side which were surveyed by Bureau of Geology, Ministry of Mines
and BRPM. From 1930s onward, gossan has been explored and developed focusing on the
central part of Jebilet. In Kettara where gossan exploration was conducted to obtain data on
copper and ochre, pyrrhotite was drilled as a reducer of phosphate ores in 1937 to 1982. Also
in Draa Sfar where existence of gossan was recognized mineralized belts were discovered by
SEGM (Deposit Study Sect.) in 1953, ground magnetism anomalies were identified by
CPGNA (Geophysical Survey Co. in North Africa), and deposits were discovered in 1966.
Although magnetic survey, drilling survey, 200m prospecting tunnel were conducted in 1960s
to 1980s, no remarkable results were obtained. However, since concealed mineralized belts of
zinc and copper were added as a result of the Drilling survey conducted by BRPM in the
former half of 1990s, the data have been reviewed, and constraction of 400m vertical shaft and
exploration are now undertaken toward the development intended to take place in 2004.

In Guemassa and Haouz area, BRPM started its survey in 1964 and sporadic surveys were
attempted up to 1980s, and the scale of the surveys has been on the increase from 1990 onward.
Because of the existence of gossan, surveys were conducted centering on Frizem. No
anomaly was extracted as a result of the airborne magnetic survey conducted by BRPM
(enforced by Geotrrex) in 1968. However, anomaly was extracted from Hajar deposit
through reanalysis conducted by BRGM in France, and existence of mineralized belts of zinc,
copper and lead was identified as a result of drilling conducted in 1984. In Guemassa,
although geological and airborne magnetic surveys were conducted by BHP-UTAH and BRPM
(Geotrrex) and drilling was done in Ghoula and Belaoud in 1987, such activities were
withdrawn in 1989. During the period of FYs 1987 to 1989, a geochemical survey, CSAMT
method, IP method, a gravity survey and Drilling of 4 cores were conducted there by
MMAJ/JICA and BRPM in Guemassa district as the “The Mineral Exploration in the the

Haouz Plain” and mineralized portions of cupper, lead, and zinc were discovered by Amzourh
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anomaly.

It was about 1994 or 1995 when attention was paid to Haouz as BRPM discovered
mineralized zones of zinc and lead in Draa Sfar. In 1995 BRPM, together with OUTOKUMP,
established exploration license there, and anomaly was extracted as a result of the airborne
magnetic survey conducted (enforced by GTK in Finland) in 1997, and mineralized zones of
zinc, copper and lead were captured through the ground magnetic and gravity surveys, EM

method done afterwards and the drilling conducted in 2000.

1-2-2  Details of previous surveys
(1) Exploration license

The conditions of the mine license located in the periphery of the area surveyed are shown
in the Fig.II-1-1.  Out of approx. 2,100km” of the area investigated, the area of the part where
BRPM alone possesses mineral claims is approx. 550 km”. Other parts are the mine claims

jointly handled by BRPM and private companies including those abroad.

(2) Geological data
With regard to the geological features and deposits of the area covered by this survey, the
Jebilet in the north and the Guemassa area in the south where have outcrops are compiled in
1/200000 and 1/100000 geological maps. In addition, BRPM and joint surveyors prepared
more detailed geological maps and academic side surveyed in those areas. The maps that we
acquired are listed in Tablell-1-1 and shown on Fig.II-1-2 as their scope of covering area.

Ditails of geology are discrived in Chapter 2 “Geological Survey”.
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Table II-1-1: List of Major Existing Geological Maps

No. Title Scale Coordinate Remarks
1 |CARTE GEOLOGIQUE DES 1/100,000{ 7° 37 31° 38 DIRECTION DES
JEBILET ~8% 23°’W ~32° 00N  [MINES ET DE LA
GEOLOGE 1972
2 |CARTE GEOLOGIQUE DES 1/200,000( 7° 00° 31° 45 DIRECTION DES
JEBILET ~8° 58 ~32° 10N [MINES ET DE LA
GEOLOGE
3 |CARTE GEOLOGIQUE DES 1/100,000| 8° 00’ 31° 30 DIRECTION DES
GUEMASSA ~8° 30°W ~31° 00N [MINES ET DE LA
GEOLOGE 1992
4 |Compilation map (Guemassa) 1/30,000] 216~248 86~106 BRPM 1993 *1
5 |Guemassa 1/100,00] 8° 02’ 31° 30° JICA-MMAJ 1989
~8° 28°'W ~31° 20N
6 |Geological Map of the Marrakrch- 1/50,000{ 185~253.75 80~131.25 BHP-UTAH 1987
Guemassa- Tekna Area (8° 00 31° 17 *]
~8° 45°W) ~31° 45°N)
7 |Frizen Carte de Synthese 1/5,000| 223.6~226.3 92.5~95 BRPM(K. Benhida)
1991 *1
8 |Carte Geologique des Jebilet et 1/100,000{ 202~253 84~155 BRPM/DE/DRM *1
Guemassa
9 |Carte Geologique, (Koudiat_Aicha, 1/10,000| 231~234 147.5~137 BRPM-REMINEX-
Lachach, Koudiat Chib) SACEM 1986 *1
10 |Carete Geologique des Jebilet 1/50,000{ 8 00’ 31° 38 M.Bordonaro 1983 *1
Centrals ~8 18'W ~32° 00°'N
11 |Jebilet Lachche Carte de synthese 1/4,000{ 231.0~231.9 142.4~145.5 |REMINEX 2001 *1
12 |[CONVENTION-JEBILET 1/2,000 231~232 141~142.4 |REMINEX 1998 *1
KOUDIAT-AICHA
CARTE-DE-SYNTHESE
13 [JEBILET BEN SLIMANE 1/2,500| 234.8~236.0 142.1~143.6 |REMINEX 2001 *1
CARTE-DE-SYNTHESE

*1 : Lambert Conformal Conic (Morocco Zone I) (unit : km)
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(3) Existing Data of Airborne Geophysical Survey

The airborne geophysical prospecting on the periphery of the area surveyed began with
the airborne magnetic survey on Guemassa area conducted by BRPM (Geoterrex) in 1968.
No magnetic anomaly was extracted from the analysis result obtained at that time. Through
reanalysis conducted by BRGM in France in 1983, however, magnetic anomaly was extracted
from the concealed deposit of Hajar, and this led to the discovery of mineralized zone of zinc,
copper and lead through the drilling conducted in 1984. In the days of 1968, it appeared
impossible to capture any high magnetic anomaly arising from the deposit since thickness of
veneer layer of Tertiary or later was assumed as thinner than the actual thickness (the depth of
Palaeozic basement containing deposits was assumed as shallower). This case of exploration
and analysis showed that an airborne magnetic survey was effective for the survey of
concealed deposits and that assumption of the basement depth was one of the extremely
important points to extract magnetic anomaly derived from deposits.

In 1987, a geological survey and airborne magnetic prospecting were conducted by
BRPM and BHP-UTAH (Geotrrex) in Guemassa and a belt of magnetic anomaly was revealed
in the outcrop and veneer rocks area. Drilling was performed in Frizem, Ghoula and Belaoud,
but withdrawn in 1989.

In the beginning of 1990s, when BRPM discovered mineralized zone of zinc and lead,
interests of explorers were focused on Haouz zone extending between Guemasssa and Jebillet.
In 1997, BRPM and OUTOKUMP Co. conducted a survey (Geological Survey of Finland

GTK) and extracted magnetic anomalies. Through the ground magnetic prospecting, gravity

2

survey and EM method done later and the Drilling conducted in 2000, mineralized belts of zinc,
copper and lead were discovered.

In this survey, the obtained data were examined for correspondence with the existing
deposits and geology of outcrops zones converted into digital data out of the existing data.
The above data include those obtained from the airborne magnetic survey (total magnetism)
conducted by BRPM and BHP-UTAH in Guemassa in 1987, the data of the airborne magnetic
survey, (total magnetism and polar magnetism), airborne electromagnetic survey (resistivity),
radioactivity (Radiometric K.) in 1997 by BRPM and OUTOKUMP Co. and the data of the
airborne electromagnetic survey (resistivity) and airborne magnetic survey (total magnetism)
conducted by BRGM in 1968 for contor map reanalyzed by BRGM in 1984.

As a result, high magnetic anomaly of the airborne magnetic survey and known deposits,
(especially on the gossan ranging from Lachach, Kt. Aicha, Kechnet to Jbel Hedit in Jebillet
district the gossan ranging from Bensliman to Kerkoz, the gossan distributed from the north to
the south of Kettara) were found in extremely good correspondence with one another. On the

other hand, in the eastern part of the central Jebillet, high magnetic anomalies of the airborne



Table II -1-2 List of previous Airborne Geophysical Survsys

No. | Deposit Anomaly Survey
1 Kettara 100nT dipole magnetic anomaly on the ore body 1968 Geoterrex airborne
Max 400nT anomaly Surface magnetic survey
-300mV anomaly SP method
20 Q /m resistivity IP method
2 Draa Sfar | Input anomaly not match occasions 1964 SAPA airborne
(south)
NNE-SSW axis, two 50-60nT anomaly; 1968 Geoterrex airborne
south anomaly = outline of ore body,
north anomaly = Sidi M’barek gossan
-150mV anomaly Self-potential (SP) method
Tazakourt
Max 1,000nT magnetic anomaly Surface magnetic survey
3 Hajar No anomaly (caused by Plio-Quaternary sediment) 1968 Geoterrex (INPUT)
E-W axis 1.4km dipole anomaly 1968 Geoterrex (Mag.)
south anomaly = 42,300nT,
north anomaly = 3,900nT
distance from pole to pole=570m
Max 1,000nT anomaly (spreading 800m) Surface magnetic survey
Three ESE-WNW axis, on ¢ is on the ore body, Surface gravity survey
Not identify the topography of the basement and
thickness of ore body
4 Khwadra
Frizen 1 75nT anomaly, 5ch input anomaly 1968 Geoterrex (INPUT)
SP anomaly (-80mV), 400nT anomaly = gossan 1984 Surface magnetic
60nT anomaly, SP anomaly (-100nT), MT anomaly = | survey
vein, netwark ominerlization
Frizen 2 No anomaly
6 Amzourh | 50nT magnetic anomaly, 3ch input anomaly 1968 Geoterrex airborne
(Imarine) | -60mV SP anomaly, 300nT magnetic anomaly Surface magnetic survey
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magnetism ranged for a fairly wide area from outcrops to the district overlain by sediments of
Tertiary age onward, and this makes it difficult to capture magnetic anomalies existing in Draa
Sfar Deposit in this area. The high magnetic anomalies extending to the east is caused by
granites exposed in the north of Marrakech city. This may be caused in part by similar rocks
extending the district overlain by sediments of Tertiary age or later.

A lot of rocks are distributed in the central Jebilet intruded by acidic volcanic rocks and
basic volcanic rocks. High magnetic anomalies are also distributed in the basic volcanic
rocks, and high magnetic anomalies are also noted in some structural lines (faults) - Maserati
fault in the north of Kettara. Therefore, in extracting the deposit potential, it is necessary to
exclude those caused by structural factors such as basic volcanic rocks and faults from such
high magnetic anomalies.

With regard to its relations with airborne electromagnetic anomalies(resistivity), while most
of the gossan (deposits and mineral occurrences) shows medium or low resistivities (several
hundred Qm and below), volcanic rocks especially the basic volcanic rocks show high
resistivities (3000 Q/m or higher). In Draa Sfar deposit in the east where it was difficult to
discriminate anomalies in the airborne magnetism, the resistivity of the acidic volcanic rocks
(dacite/rhyolite) is higher than that of the surrounding sediments of Tertiary age or later (acidic
volcanic rocks: about 340 Qm; Sediments of the Tertiary age or later: about 70 Qm).
Therefore, it is clearly distinguished as the body with high resistivity. However, the airborne
electromagnetic anomalies in Haouz plain overlain by sediments of Tertiary age or later
extracted only from the acidic volcanic rocks of the vicinity of Draa Sfar deposit. In case
such anomalies reflect geological features there, in case the layers where exploration is
available are not sufficiently deep, or in case such anomalies are attributable to the fact that the
strength of obtainable data is different between the district covered by outcrops and the district
covered by sediments of Tertiary age or later (the data of the latter is weaker), it may be
necessary to make a separate analysis for each zone.

Interpretation of the airborne electromagnetism shows us that different anomalies appear
depending on the distribution of rocks and topography. In other words, in extracting
anomalous values, metal ore bodies with high conductivity (low resistivity) should be extracted.
It should be noted, however, that even the rocks with relatively high resistivity (acidic volcanic
and pelites) may appear as the rocks with low resistivity if they are distributed in the rocks
with extremely high resistivity (quarzites and granits). To avoid this misunderstanding, it is
effective to make interpretation in consideration of the magnetic anomalies.  Further, the
basic rocks such as microgabros show high magnetic anomalies similar to those of volcanic
massive sulfides as mentioned above, sometimes they are distributed together with gossan ore

bodies, and sometimes they exist alone. The former can be considered as an taget of our
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exploration, but the latter cannot be the object of our exploration and should be excluded from
the results of electromagnetic survey as a part with high resistivity (low conductivity).
Further, the resistivities of rocks and ore bodies differ depending on the conditions of
weathering (oxidization), and this should be noted in their interpretation. (The gossan that we
collected from the ground surface of Kettara deposit is considered that rocks containing much
massive sulfides (pyrrhotite and others) , but it was strongly weathered and its resistivity
(about hundreds of Q/m) and charging rate (10mV/V) are different from those of sulfides.
On the other hand, the graphite distributed in the zone adjacent to the granitic area in the east
of the central Jebilet shows low resistivity (about tens of /m) and high charging rate
(hundreds of mV/V) which are almost the same as those of iron pyrite. It is distinguishable
from the graphite if examination is made taking magnetism and gravity anomalies into
consideration. (Anomalies of graphite are low magnetism and low gravity.)

From the above examination of the existing data, the part with high magnetic anomaly
and low resistivity can be considered as having high deposit potential.

Fig. 1I-1-3 to II-1-7 show the anomalous belts extracted from the result of airborne
geophysical surveys, Table II-1-3 was compiled the geological/metallogenetic factors as the
causes of such anomalies, Table II-1-4 were compiled geophysical data from JICA/MMAJ
1989 and BRPM house report and Geophysical data obtained this survey were shown in Table
I1-1-5.

(4) Drilling data (BRPM, REMINEX)
The locations of the previous drilling conducted by BRPM, REMINEX and JICA-MMAJ
were listed in Table 1I-3-1 and Fig. II-3-1. Details of existing drilling core are descrived in

Chapter 3 “ Existing drilling core survey”.
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Table II-1-4 Geophysical data of rocks in the Survey Area (1)

No. | Formation Rock Name Resistivity Density Suceptibility
(Qm) (g/cc) (10”cgs/emu)

1 | Quaternary Sandstone 57 2.28 2 *1

2 Mudstone 330

3 Siltstone 880

4 | Permian-Carb | Carbonatic Schist 500

. o ] 500 | 2.71 2 *1
oniferous / Pelitic Schist

5 Dacite 340

6 Quartz vein 1100

7 | Hajar Pb-Zn-Pyrr. Ore 15 4.27 530 *1

8 | Jebilet Central | Mineralization, Ore 20~50 *2

9 | Basic rocks Micro Gabblo 500~1000 *2
10 Quartzite, Granit 3000~5000 *2
(*1:JICA-MMAJ1989, 2:REMINEX Material for internal use)

Table II-1-5 Geophysical data of rocks in the Survey Area (2)

No. Rock Name | Resistivity | Chargability | Suceptibility Loc.
(Qm) (mV/V) (10 cgs/emu)
1 Gabblo 1,841.63 3.10 0.37 | Ketarra 03MR-K001
2 Rhyolite 2,545.74 5.26 0.53 | Bouhane 03MR-K002
3 Permian ' & estone 4.739.56 13.09 0.11 | Bouhane | 03MR-K003
-Carboniferous
4 Gabblo(sill) 2,009.29 7.52 0.65 | Ben Sliman | 03MR-K004
5 Shist(mud) 182.75 5.36 0.2 | Ben Sliman | 03MR-K004
6 Ordovician | Limestone 5,099.90 47.97 0.1 Mardina 03MR-K006
7 Permian Gossan 598.68 6.71 0.15 Kettara 03MR-K007
g | Carboniferous | o 18.72 491.79 15.6 | Kettara 03MR-K008
9 Graphyte 10.18 512.48 0.24 Marrakech E| 02MR-K067
10 Quartzite 6,782.11 11.45 0.06 | MardinaW | 02MR-S048
Permian

11 |_Carboniferous | Granite 2,216.34 8.21 0.14 | Tabouchent | 02MR-S040
12 Granite 1,267.44 6.19 0.27 Tabouchent | 02MR-N152
13 Granite 2,781.51 9.18 0.33 Tabouchent | 02MR-N153
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1-2-3 Conclusion
We collected geological maps and the maps of geophysical prospecting anomalies as the
The data

collected include geographical information based on the topographical map drawn on a scale of

existing data and compiled them by using Geographic Information System (GIS).

1/100000, the geological map of Jebilet area drawn on a scale of 1/100000, information on
geology and geological structure based on Geological Maps of Guemassa area drawn on scales
of 1/30000 and 1/10000, the list of deposits and prospects (gossan, etc.), information on the
locations of deposits and drilling cores based on the existing list of drilling spots, information
on airborne geophysical exploration based on the existing airborne geophysical prospecting
data and the compiled chart of geophysical prospectings, as well as the locations of mine

claims. These data were converted into the digital data compatible with ArcView 3.2 (ESRI).

Table II-1-6 List of the Data Converted into GIS Data

No. | Data Data Type Original Data
1 Geological Map (lithofacies, structure, Polygon, line 1/100000 geological map of
etc.) Jebilet, 1/30000 and 1/10000
geological maps of Guemassa
2 Deposits (mines, deposits, gossan) Point BRPM house report
3 Drilling Data Point BRPM house report
4 Geographical Information Polygon, point, 1/100,000 Topographical map
(rivers, main roads and cities) line
5 Anomalies Extracted from Airborne Polygon BRPM house report
Geophysical Survey
6 Satellite Images (mainly false color, main | Raster Landsat 7
component, rationing, giological unit)
7 Topographical Map Raster 1/100,000 Topographical map
8 Map of Geophysical Survey Anomalies BRPM house report
(Airborne magnetism and resistivity)
Table II-1-7 Specifications of Lambert Conformal Projection
Specification Parameter Parameter
Zone Zone 1 Zone 11
ler standard parallele 34.8658333 31.725
2eme standard parallele 31.725 28.098
Parallele d’ origine 333 29.7
False easting 500 000 m 500 000 m
False northing 300 000 m 300 000 m
Centaral meridian -5.4 -5.4
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Chapter 2 Geological Survey

2-1 Method of the Geological Survey

We used existing data and satellite images of all survey area to locate survey points and
routes. Our local surveys mainly focused on known deposits, prospects, and mine cavities to
grasp the stratigraphy and mineralization. The geological structures were examined mainly
with existing data.

We used a 1/50,000-scaled topography, which was enlarged from a 1/100,000-scale
topography, in our surveys of known deposits and prospects. We also used GPS and a
simplified navigation system (MIRIN: Mineral Resource Image Navigator) to confirm the
locations of mineralization belts and outcrops. In addition, we took samples, and took photos
of outcrops, and made sketches at especially important outcrops. A mine underground survey
was conducted in the Hajar Mine, whose surroundings were undergoing the mining of massive

sulfide ore deposits, and the Draa Sfar Mine, which was under construction.

2-2  Results of the survey
2-2-1 Outline of the survey area
1) Location and traffic

The Survey area is located in the south western of Marrakech, and in the north of the
Anti-Atlas Mountains approximately 330km to the south of Rabat, the capital of the Kingdom
of Morocco. Most of the roads running from the capital Rabat to the Survey area were paved
and superhighways were constructed. It takes approximately an hour to drive on the highways
from Rabat to Casablanca and approximately three hours to drive on the paved trunk road from
Casablanca to Marrakech (Fig.1I-2-2-1. and Fig.I1-2-2-2).

In addition to those in Rabat and Casablanca, there is also an international airport in

Marrakech for flights directly to Europe (Paris, London, etc.)

2) Geography and Topograpy
The Survey area located north of Anti-Atlas mountan area and consists of hilly land, 400
to 800m high from the sea level.

Geology of this area composed Paleozoic basement rocks that were low to medium grade
metamorphisimed and Ttiary or later sediments that covers over basement rocks. Claimate is
dry and surface is rock and sand desert.

This survey area includes basement rocks in the north central Jebilet that are extending from
east to west, Marrakech plain that coveres over Paleozoic basement rocks in the south part of

Jebillet, and Guemassa area that is Paleozoic window in the Teirtiary sediments.
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Fig. 11-2-2-1 Location Map of the Survey Area
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3) Geohistory and Ore Deposits

Geohistory and ore deposits of this area and surroundings are mentioned based on Michrd
(1976), Viland (1998), Pique (1994), and Matsutoya (1999). Morocco went through an age of
graben tectonism during 30 million years of the Palacozoic Era (530-235Ma). After the Pan
Africa tectonism, the areas that covered the Legiobad forebackbone through Anti Alas were
continuously subsiding.

When entering the Infra-Cambrian period, the western to central Anti-Alas areas began to
undergo local and temporal subsidence along bi-modal volcanic activities being dominant.
IAPRTUS Sea, which began to form in around 650Ma when mountain building in Anti-Atlas
had its peak, began to settle down on the North America Continent. Eastern Anti-Atlas also
began to subside along local and small-scale eruptions of alkaline basalt. When entering the
Cambrian period, central Morocco was covered with the sea and continued to subside with
interruptions of local sedimentation and developments of depression contours. Sedimentary
hematite ore sedimented in Meseta in the Siluran period, and in the Legibad forebackbone in
the Devonian period.

In the Carboniferous period, Hercynian mountain building began to take place, and
Anti-Atlas turned into slow upheavals. In eastern Morocco to south-western Algeria, which
were then under the sea, a coal bed began to form. Meanwhile, Visean stage and Namurian
stage in central Morocco underwent folddings, low degree of low P/T alteration, and granite
intrusion (337-319Ma) from the inland. Localization of sedimentary basins advanced in the
central gorge. In the Viean stage, a local extension belt was formed from the Tanncharfi,
located in the northeastern survey area in the central gorge, to Jebilet through Haouz in the
southern areas, where basic rock-dominated bi-modal submarine volcanic activities began. In
Jebilet a bedded magnetite sulfide deposit was formed. In Haouz, located in the south to Jebilet,
a massive sulfide deposit was formed. In northeastern Tanncharfi, where basalt activity was
observed, no kuroko-like mineral is observed but hematite is concentratied in this area.

When entering the Permian Period, granite intrusion (301-265Ma) occured in many parts,
and at the end of the Permian Period, the granite intrusions turned into lands completely.
Existing deposits are described based on Michrd (1976), Viland (1988), Pique (1994),
Matsutoya (1999), and others. Deposits in the Jebilet area are massive sulfide ore deposits of
copper, lead, zinc, and iron, which were embedded in the Visean series of the Carboniferous
period. These deposits include the Kettara deposit. The vicinity of the border area, where
basement rock appears on the surface of the ground in the southern limit of the Jebilet
mountain mass, has the Draa Sfar deposit. Deposits observed in the Guemassa area include
the Hajar deposit and the Frizen deposit. The Mrrakech area in a semi-desert region is

covered with sediments formed from the Miocene of the Neogene period. The lower part of the
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area consists of the Carboniferous period layer, where the Khwadra deposit, a volcanic massive
sulfide ore deposit, is distributed as a concealed deposit.

These deposits are similar to KUROKO type deposits in Japan or Iberian pyrite belt type
deposits that are distributed in Spain and Portugal, when considering their deposit form
(stratigraphy, lenticular, stripe), combination of minerals (dominance of magnetite, sphalerite,

galena, pyrite, chalcopyrite, etc.), and mineralization with acid and basic volcanic rocks.

2-2-2  Geological Stratigraphy in the Survey Area

This section explains the geology of the basement rocks being distributed in north and
south of the survey area, namely the Jebilet and Guemassa areas. Gological map of those area,
geological columnar section, gological section area shown in Fig 11-2-2-3, Fig I1-2-2-4 and Fig
II-2-2-5. Because there in no drilling data of the basement rocks in the Marrakech area, this
report could not descrived the geology before Tirtiary in the area.
(1) Geological stratigraphy in the Jebilet area

The Jebilet zone is located in northern Marrakech. The Jebilet area, extending to the
east-west directions, belongs to the Hercynian orogenic mountain masses The similar
geological belts include the Rehamna mountain mass in the north of the Jebilet mountain mass
and the Guemassa area in the south. The Jebilet mass extends