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EXECUTIVE S~!M~1ARY

This optional working paper on a mineral resource exploration
and development plan for Sinai describes the regional geology of the
area, discusses mineral deposits of potential econornic significance,
~nd presents a dual program of resource evaluations and regional ex­
ploration.

More than 20 minerals are categorized according to known occur­
rences or potentially economic deposits. Overall, the greatest
resource pot~ntial is for coal, manganese/iron, kaolin, glass sand,
gypsum, turquoise, limestone/dolomite, and construction sand and
aggregate.

Current exploration and development are assessed at the Maghara
coal field, at Umm Bugma and Abu Zenirna, at Ras Malaab, and at El
Khabouba. We have concluded that activities ae the Abu Zenima ferro­
manganese project, while they may be worthwhile, are diverting both
interest and funding from potentially more valuable projEcts, such
as the Wadi Budra kaolinite and E1 Khabouba glass sand mines.

We recommend resource development of four r: eral deposits--
Wadi Budra kaolinite, glass sand, turquoise, and cupriferous sandstone.
Resource evaluation programs consist of the analysis and pr~paration of
deposits and mines for reactivation--including identification of ton­
nage and grade of materials, and preliminary estimation of mining and
processing costs and market values.

Regional exploration is the broad search for ore deposits of
minerals which are known to occur locally, but in subeconomic concen­
trations. No priorities arr assigned for regional exploration, but
we have ranked the following resources according to anticipated eco­
nomic potential--metallic mineral rieposits, uranium, pctash, and
phosphate.

Methods of funding and revisions to existing exploration and
exploitation laws are recommended for both resource evaluations and
regional exploration.



SINAI MINERAL RESOURCE EXPLORATION AND DEVELOPMENT PLAN

1.0 INTRODUCTION

This optional working paper on mineral resource exploration and
development in Sinai is presented as a complement to our deliverables
for Task 4, Exploitable Natural Resources. The information presented
herein is also an integral part of the total develut''11ent study in
that the accelerated discovery and development of mineral resources
are essential for maximum industrial growth in Sinai.

The paper is divided into five sections:

• 1.0 Introduction

• 2.0 Regional Geology

• 3.0 Economic Geology

• 4.0 Mineral Exploration Program

I 5.0 Conclusions.

A major objective of the Sinai Development Study, Phase I, is
to identify early projects and actions tha~ will have a high develop­
ment impact. While mineral resource exploration and development are
generally long-term undertakings, the compelling need to begin in­
dustrialization in Sinai as quickly as possible demands acceleration
of the process. The purpose of this working paper is to aid rapid
mineral resource development by:

• Describing the types of economic mineral deposits that may
occur in the region.

• Assessing the status of mineral deposits now being intensively
studied or developed for near-future production.

• Outlining a program to rapidly locate, test, and develop
undiscovered mineral deposits in Sinai.

This paper is based on:

• Reviews of literature published by the Egyptian Geological
Survey and Mining Authority, the Egyptian Department of
Mines and Quarries, the Saudi Arabian Ministry of Petroleum
and Mineral Resources, and various professional journals.

• Interviews with members of the professional staffs of the
Egyptian Geological Survey, the Sinai Manganese Company,
Kaiser Engineers and Contractors, the Central Desert Mining
Company, the Nuclear Materials Corporation, and the Remote

-Sensing Center of the Academy of Scientific Research and
Technology in Cairo.



• Reconnaissance visits to mineral occurrences, mines, d
processing plant sites in Sinai.

Sources of informatiol~ on Sinai economic geology are listed in the
bibliography.



2.0 REGIONAL GEOLOGY

2.1 GEOLOGIC PROVINCES

As shown in Figure 2-1, Sinai can be divided into four geologic
provinces:

• Platform Province

• Suez Rift Border Province

• Crystalline Province

• Aqaba Rift Border Province.

The provinces differ in major geologic structural controls, types of
geologic units, and varieties of potential mineral dep~sits. Their
differences are mainly the result of Eocene-Oligocene doming of the
crystalline Nubian-A:'abian shield, which allowed erosion to strip
the sedimentary cover from south Sinai; this was followed by normal
and wrench faulting, which opened the Suez and Aqaba Gulfs and is
related to the Red Sea floor crustal spreading beginning in the Miocene.

The ger.eral geology of ecch province is shown on Figure 2-2 and
is described in thp following sections. Details regarding lithology,
stratigraphy, regiona1 correlation, and mineral associations are
presented in Table 2-1.

2.2 PLATFORM PROVINCE

The Platform Province is bounded on the south by erosionally
exposed Precambrian metamorphic and intrusive rJcks and on the north
by the Mediterranean Sea. Its eastern and western limits are the
Aqaba Rift and the Suez Rift Border Provinces, respectively.

The province is underlain by consolidated sedimentary rocks
ranging in age from Cambrian to Pliocene. These bedded rocks are
in unconformable, erosional contact with the Precambrian crystalline
basement rocks, strike roughly east-west, and dip gently northward.
In the northern third of the province, they are largely covered by
unconsolidated Pleistocene and recent sand and gravel.

Sedimentary units that have been identified in the Platform
Province include:

• Quaternary beach sand ond sand dune deposits and wadi alluvium

• Neogene clastic, carbonate, and gypsum beds

• Eocene carbonate rocks

• Paleocene shale

• Cretaceous carbonates and sandstnnes

• Jurassic marine and fluviomarine beds
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Correlation of Geology and Ore Deposits in the Red Sea Areas of Egypt and Saudi Arabia
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o Triassic carbonate and clastic beds

• Carboniferous dolomites and clastic beds

• Cambrian El Khadim Formation (cupriferous sandstone)

• Proterozoic arkosic sandstone.

The general thickness of the tota1 sedimentary sequence (depth to
bcsement) ranges. from zero at the southern boundary of the province
~o 7000 meters or more along the Mediterranean shore.

Principal geologic structures i~ the Platform Provi:lce arp east­
northeast trending faults and para;lel large folds. Both are restricted
to the northern half of the province. The folds are open and plunge
moderately to the northeast. The crests of anticlinal folds are
responsible for the scattered cretaceous outcrops that form Gebel
Maghara, Gebel Yelleq, and Gebel Halal.

2.3 SUEZ RIFT BORDER PROVINCE

The Suez Rift Border Province is separated from the main part of
Sinai by a series of well-defined normal faults aligned in a north­
northwest, south-southeast direction. The eastern border fault is
shown on Figure 2-2. Its northern extent and, thus, the boundaries
of the province in nort~ Sinai are unclear because of masking alluvium
and sand.

The province, as presently understood, is underlain by a sequence
of'sedimentary rocks ranging in age from Cambrian to Quaternary. The
major units include:

, Quaternary wadi alluvium

• Neogene clastic, carbonate, and evaporite beds

• Eocene carbonate rocks and conglomerates

• Cretaceous carbonates and sandstones

, Jurassic marine and fluviomarine beds.

Bec3use of nondeposition, or the effects of erosion accelerated by
faulting, not all of these units are present everywhet'e in the province.

Structural geology in the Suez Rift Border Province is extremely
complex because of the numerous north-northwest, south-southwest
trending f~ults. Many of these evidence significant vertical displa~e­

ment and are believed to have occurred in late Eocene through Miocene
times. Fault blocks tend to be downdropped increasingly westward.
This step faulting has downfaulted the c~ntral part of the Gulf of
Suez, 6000 to 7000 meters relative to the rift shoulders. The ~rough

subsequently tilled with Miocene to recent sediments.

", Northeasterly orient0d transverse faults appe~r randomly along the
province. Some of these exhibit significant vertical and lateral dis­
placement.



Northwest-trending major faults and transverse faults in the
~rov;nce are superimposed on north-south oriented folds. The folds
range from 1at'qe, open structures, such as that at Umm Bugma, to
local, tightly folded chevrons, which appear at Wadi Sidri near the
gulf. Folding at Umm Bugma is believed to be substantially older
than that described near Wildi Sidri and in the northern part of the
Platform Province, and may have originated in the lutE Paleozoic.

2.4 CRYSTALLINE PROVINCE

The Crystalline P~ovince occupies'n area of more than 6000
square kilometers of exposed Precambrian formations, including a
large number of intrusives, occasional Paleozoic/M0sozoic clastics,
and alluvial and lacustrine sediments filling wadi bottoms. The
province is structurally bound by the rift faults along the Gulfs of
Suez and Aqaba; outcrops of Paleozoic and Mesozoic platfcrm Tormations
mark its northern limits.

Lithogic units in the Cry~ta11ine Pr~vince include:

o PleistOCEne lacustrine and alluvial beds

• Remnants of Paleozoic/Mesozoic clastics

o Post-granite veins and dikes

o Red g:--anites

~ • v01canics (andesites~ tuffs, and rhyolites)
'r-
s...
~ • Diorite-epidiorite associations
10
u
~ • Metavolcanics

0...

• Metasediments

• f"eiran gneisses.

Crystall ine rocks in the province are bel ieved to be late Precam­
brian in age, perhaps abou~ 600 million years old. M~t~morphic rocks
from four major belts along the margins of the province are characterized
by low-" +() high-grade re9 iona lly metamorphosed arg ill aceous sed iments
and igne0us intr~sives, acid and intermediate metavolcanic flows, and
metamorphosed acid pyroclastics. ~arble and skarn are abundant in the
western (Feiran) belt.

Ancient east-west faults exist in th2 Precambriin basem2nt in
the Crystalline Province. Sorr.e investiyatoi"s believe that these
structures were rejuvenated during tectonic activity in early Miocene
time. In addition, near vertical faults along the Gulf of Aqaba strike
north-northeast and dip westward. Evidence of vertical faulting with
throws of more than 1000 meters has been reported. In several isolated
places in the province, sandstonp.s and limestones of probable Cretaceous
age ~ave been found preserved in the resulting grabens.



2.5 AQABA RIFT BORD~~ PROVINCE

The P1aba Rift Border Province is separated from the C~ystalline

Province by a series of faults aligned in a north-northeast, south­
~outhwest direction (Figure 2-2). The eastern boundary of the province
consists of a major fault on the western side of the central depression
of the Gulf of Aqaba.

Lithology in the province is essentially the same as that in the
Crystalline Provir.~e. Predominant geologic units are Precambrian
metamorphic and igneous intrusive rocks.

Other known geologic units in smaller exposed areas are Quater­
nary alluvium and Neo=ene sandstones, which overlie the crystallines
in limited areas along the sea, and isolated sedimentary beds of pre­
Neogene age which occupy grabens within the crystallines.

Regional structure in the Aqaba Rift Border Province differs
from that along the Suez Rift in that major faults exhibit a signifi­
cant left-lateral component of movement. Faulting in both provinces,
however, is related to Miocene spreading and ~rustal generation in the
Red Sea floor.



3.0 ECONOMIC GEOLOGY

3.1 MINERAL OCCURRENCES

Mineral deposits of potential economic significance in Sinai
include:

o Construction aggregate and sand
• Limestone and dolomit0 for cement production
• Coal
• Manganese
• Iron
• Phosphate
• Gypsum
• Kaolin
• High silica sand for glass production
• Copper
• Turquoise
• Lead and zinc carbonate
• Uranium
• Heavy mineral-bearing beach sands (monazite, ilmenite, zircon)
• Sulfur
• Talc and asbestos
• Gold (presence uncertain)
• Tin and tungsten (presence uncertain)
• Potash (presence uncertain)
• Copper-nickel sulfides (presence uncertain)
• Rare metals--niobium, tantalum, cobalt (presence uncertain).

Known occurrences of some of these minerals are briefly described
in the following sections. The locations of place names mentioned in
the text are shown ~n Figure 2-1. Nonmetallic mineral occurrences
are shown on Figure 3-1, and metallic mineral occurrences are shown
on Figul~e 3-2. A summary of these occurrences is ~rovided in Table 3-1.

3.1.1 Construction Aggregate and Sand

Materials suitable for the production of ~lortar and cement sand,
cement gravel, and base rock occur widely as pediment cover and wadi
fill throughout Sinai.

Materials readily available for economic use in the northern
thir'd of the region consist of poorly sorted clastic limestone, dolomite,
and chert, with a moderate-to-high soluble salt content. Suitable
sources of high-grade aggregate have not yet been located. Quarrying
of cretaceous limestone exposed in Gebel Libni or Gebel Asagil would
yield excellent construction aggregate, but at costs far above that
of screened alluvium. Regional exploration and testing may locate
presently unknown major sources of quality alluvial construction aggre­
gate.

High quality sources of construction aggregate occur in nearly
every wadi throughout south Sinai. In this region, production sites
can be conveniently located near each construction project for mini­
mum transport expense.
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TABLE 3-1
Mineral Occurrence Summary

a. Nonmetallic Occurrences

Deep-seated seams, 40­
million-ton estimated
reserve

Name of Ore
Locality Deposit

Port Said Common salt

El Maghara Coal

El Shatt Gypsum

Wadi Rayana Gypsum

Ayun Musa Coal5

Location
No.* Comments

6

7

8

Ras Matarma

Gharandal

Ras Malaab

Gypsum

Gypsum

Gypsum

Exploited until 1967

240-million-ton estimated
reserve, exploited until
1967

9 Beda and Thora Coal 75-million-ton estimated
reserve of carbonaceous
shales

10 Farsh el Kao 1in it i c
Ghozlan clay

11 El Khabouba White sands

12 Musabba Kaol initi c
Salama clay

13 Abu Zenima Limestone

14 Budra Kaolinitic
clay

15 Abu Natash Kaolinitic
clay

16 El Deheissa Kaolinitic
clay

*Refer to map in Fi gure 3-1.

Exploited until 1967

Exploited until 1967

Exploited until 1967

Exploited until 1967

Exploited until 1967



TABLE 3-1 (contld)
a. Nonmetallic Occurrences

Location Name of Ore
No.* Locality Deposit

17 Gini Kaol initic
clay

18 Wadi Sidri Gypsum

19 Sarabit el Turquoise
Khadim

20 Abu Durba Sulfur

21 Abu Suweira Gypsum

Comments

40-million-ton estimated
reserve

Under exploitation since
ancient Egyptian times

b. Metallic Occurrences

1 Wadi el Black sands Preliminary field and
Arish laboratory studies under-

taken

2 Umm Bugma Manganese Largest manganese reserves
in Eyypt, di~covered 1898,
production began in 1908,
productio~ from 1911 to
1967 totalled 5.5 million
tons, 4-million-ton
reserve

3 Wadi Nassib Manganese See comments for location
no. 2

4 Wadi el Manganese See comments fot' location
Noaman no. 2

5 Wadi Shallal Manganese See comment.s for location
no. 2

6 Gebe1 Abu Manganese See comments for location
Qafas no. 2

7 Wadi el ~langanese See comments for location
Husseni no. 2

8 Gebel el Manganese See comments for location
Adidiya no. 2

*Refer to map in Figure 3-1 for nonmetallic mineral occurrences; refer to
map in Figure 3-2 for metallic mineral occurrences.



TABLE 3-1 (cont'd)
b. Metallic Occurrences

Location Name of Ore
No.* Locality Deposit Comments

9 Sarabit e1 Copper Ancient workings
Khadim

10 Abu Suweira Copper

11 Abu Rudeib Copper

12 Rashidia Copper

13 Abu Zagatan Copper

14 Taw; 11 eh Copper

15 Abu el Nimran Copper

16 Tarfa Copper

17 Tarr Copper

18 Feiran Copper

19 East of El Copper Ancient mine
Agma

20 Regeita Copper Ancient mine, 0.21 to
8.85% copper

21 Rahaba Copper

22 Samra Copper Ancient mine

23 Sharm el Manganese Small reserves
Sheikh

*Refer to map in Figure 3-2.
Source: The Geological Survey and Minins Authority of Eqypt (1979),

Mineral Map of Egypt, Ministry of Industry and Mineral Wealth,'rr-rr:-------------



3.1.2 Limestone a~d Dolomite for Cement

Limestone and dolomite suitable for cement manufacturing occur
throughout the Platform and Suez Rift Provinces. However, use of this
resource in Sinai is more contingent on other siting and resource
criteria (i.e., energy availability, infrastructure, transport distances)
than on limestone availability.

3.1.3 Coal

Coal deposits have been explored to varying degrees at Gebel Mag­
hara; Ayun Musa, 14 kilometers southeast of Suez; and ~~adi Thora,
roughly 25 kilometers east of Abu Zenima. Thin coal seams have also
been recorded in oil and gas exploration boring logs elsewhere in Sinai,
but none suggest sufficient depth and seam thickness to justify further
exploration. Of the known coal occurrences, only those at Maghara are
presently regarded as having economic potential.

Coal seams appear in middle Jurassic Bathonian sediments on the
northwest limb of the Maghara Anticline. The sequence contains ~~ to
10 coal seams, of which tt.,ro are of commercial thickness. The enti\'e
sequenc0 dips northwestward at angles of 5 to 10 degrees. It is divided
into numerous blocks by small faults of the same trend.

The principal seams at Maghara--named Upper and Lower--range from
a minimum thickness of 20 centimeters to a maximum thickness of 190
centimeter~, with few partings, and are separated by 8 to 10 meters
of limestone sandstone, clay, and shale. The coal is black, half dull,
hard, resinous, and subbituminous A in rank. It is low-ash, high­
sulfur, and--bascd on tests to date--has limited coking potential.

Drill holes at Ayun Musa penetrated up to 11 seams of coal in a
70- to 100-meter sequence of lower Cretaceous rocks, at depths ranging
from 400 to 600 meters below surface. Ten coal seams occupied the
upper 30 meters of the section, with a maximum seam thickness of 120
centimeters.

The lower part of the sequence contained a single seam, ranging in
thickness from 18 to 120 centimeters. The seams are lenticular and
nonpersistent, with no apparent workable thickness; because of these
characteristics, and great depths and complicated geologic structures,
the deposits at Ayun Musa are considered noncommercial. Future ex­
ploration potential in the region is also believed to be limited.

Twenty drill holes and several pits dnd adits have served to test
a coal horizon that OCClH~S in Carboniferous sediments at Wadi Oeda and
Wadi Thora, roughly 14 kilometers apart, east of Abu Zenimu. The
single seam was found to range between 10 and 80 centimeters in thick­
ness and to be of low quality. It has limited potential beyond local
heating use.

3. 1.4 Manganese-Iro~

Manganese- iron depos its OCCUI' uS 1ens- shuped, concordant bodi es
and fissure fillings in the Carboniferous lJlllm l3ugma Formation east of
I\bu Zel1"ima and I\bu Hudeis. The are lenses averilgc 2 meters in thi ck­
ness, but locally achieve a thickness of 4 llIete)~s. The host rock



consists of red and yellow crystajline dolomite, variegated shale, and
sandy clay. An average lens might contain 10,000 tons of ore abov2 a
cutoff of 20 percent manganese.

The mineralization consists of manganese oxides mixed with iron
oxides; earthy oxides and pyrolusite are associated with goethite­
hematite and other minerals such as calcite. Traces of uranium and
copper accompany the manganese.

Ore specimens with up to 60 percent manganese occur in the deposits;
historically mined, hand-sorted, high-grade material from the Umm Bugma
district averages up to 40 percent manganese. Remaining explored de­
posits of significant tonnage average between 20 and 30 percent manga­
nese.

3.1.5 Iron

Iron associated with manganese east of Abu Zenima has economic
significance as a byproduct of manganese extraction, potentially ac­
counting for the difference between profit and loss.

Passing references occur in some reports to ferruginous horizons
with oolitic hematite in Cretaceous Nubian sandstones uf the Plateau
Province. No plotted locations, measured sections, or sample analyses
for such occurrences could be found in the available literature, nor
were the Egyptian geologists contacted by Dames &Moore able to provide
information regarding exposed mineralization. However, the sedimentary
horizon that conta~,<:: oolitic iron ore at Aswan also crosses Sinai
and w~ -ants at least reconnaissance exploration.

Micaceous hematite is known to occur in quartz veins in eastern
Sinai, in granite at Gebel Abu Mesud. Comparable host granites appear
in west Sinai. While known occurrences of iron mineralization of this
type in Sinai are not economic, they sustain major mines else\'/here in
the world. The potential presence of slightly concealed, higher grade,
larger iron-bearing quartz veins in the crystalline rocks of south
Sinai warrants reconnaissance investigation.

3.1.6 Phosphate

Phosphatic limestone is interbedded with sandstone, shale, and
clay of formations whose outcrops ring the Platform Province of Sinai.
Phosphate-bearing sediments have been recorded in this horizon along
the eastern Suez coast, in Gebel Qabeliat, Gebel Safariat, and Wadi
Sudr, and south of both the El Tih and Igma plateaus. Records for
only one measured and sampled section are available--in Gebel Safariat-­
where an 0.3-meter thick bed of phosphorite was found to contain 24.6
percent P20S'

The single measured and analyzed section of Sinai phosphate does
not compare favorably with deposits pr~sently being mined in the
eastern and western deserts of Egypt. l\long the Nile, commercial
phosphate beds range up to 4 meters in thickness and contain as much
as 25 percent P20r; the economic minimum thickness is roughly 0.5

. J

meters, averaging 23 percent P20S' Howcver, the phosphate horizon in

Sinai has not been systclliatoically explored or even mapped. Thorough



exploration~ particularly toward east Sinai~ may locate exploitable
deposits.

3.1.7 Gypsum

Gypsum and anhydrite in Sinai are associated with marl and sand­
stone in the Miocene Ras Malaab and Ras Gemsa Formations along the
Suez Rift [)order Provi nce. The best known OCCl'rrence, that at Ras
Malaab, varies from 5 to 30 meters in thickness. It has been segmented
by normal faults ~ with throws ranging up to 10 meters, and is overlain
by 1 to 3 meters of alluvium and leached~ weathered capr·ock. Gypsum
and anhydrite appear in thick~ interlensing zones surr~ljnded laterally
by sandy shale and clay. No other evaporite deposits (Ditter salts,
sodium chloride) are reported to accompany the known Sinai gypsum oc­
currences.

3.1.8 Kaolin

Known occurrences of kaolin appear in the Carboniferous Abu Zarab
Formation and a clayey and sandy horizon in the Cretaceous Nubian
Formation. All reported deposits are located in the Suez Rift Border
Province, east of Abu Zenima and Abu Rudeis. The best known of these,
where some development and production have occurred, is at 8udra~ near
the Umm Bugma manganese mine.

At the Budra site~ four kaolinite beds with an aggregate thickness
of 36 meters occur in a 95-meter-thick sequence of Nubian sandstone.
The Kaolin horizons are lensoidal-pinching and swelling~ with varia­
tions in quality. The beds dip to the southwest at angles between 20
and 40 deg rees and are offset by fau lts with throws of up to 100 meters.

The kaolin horizons are pure or slightly silty and sandy~ and
range in color from light grey through violet to dark grey. The clay
is chemically pure or slightly ferruginous~ and consists principally
of kaolinite with small admixtures of dickite and hydromica. Its
quality is suitable for the production of fine ceramics.

Based on available reports~ the kaolin deposits at Budra and com­
parable deposits that may be discovered in the region offer the best
quality and most economically available source of clay in Egypt. The
kaolin may also be competitive in the export market. Its 'explorati0n
and development merit serious consideration.

3.1.9 High Silica Sand

Quartzitic sand, which is optimum for the pro~uction of clear
glass~ should be uniformly distributed in size between 200 and 600
micrometers, have an iron content of less than 0.07 percent~ and have
minimum contaminating sodium~ calcium~ and potassium. Available
reports suggest that the best source of glass sand in Egypt occurs
in a quartz sandstone horizon of Carboniferous sedimentary rocks east
of Abu Zenima and Abu Rudeis.

The quartz sand horizon at the best known location~ near Wadi el
Khabouba~ northeast of Abu Zel1illla~ is approximately 30 meters thick.
Further south near Wadi Budra ~ v/here the same horizon was examined
during Dames &Moore's field reconnaissunce, the quartz sand horizon



was approximately 15 meters thick. Sinai Manganese Compeny engineers
repol~ted it to be nearly equal in quality to that At El Khabouba. -;-his
physically and chemically persistent horizon represents an unlimited
source of high quality silica for glass manufacturin~, which may have
export potential. Its dpve10pment for economic production and marketing
will require some exp10racion and testing.

3.1.10 Cop;Jer

Precam'Jrian crystall ine rocks at a number of locations in south
Sinai bear thin quartz veins of short length which contain copper
carbonate, probably an oxidation product of sparse chalcopyrite.
These types of deposits have no practical exploration potential.

Historically, copper has been produced from copper oxide-bearing
sandstones of the Cambrian Serabit el Khadim Formation or from over­
lying lower Carboniferous strata. Extensive beds of cupriferous sand­
stone in these units are reported to have been mined in ancient times
near Wadi Maghara in west central Sinai. Ores are described as con­
taining up to 18 percent copper in carbonates and silicates. Numerous
other locations with cupriferous sandstone outcrops have been described
by Egyptian geologists who have worked in the region.

While th0re has been no thorough evaluation of a copper sandstone
deposit in Sinai, comparao1e deposits elsewhere have supported economic
mining operations. The deposits are sometimes associated with sandstone­
bearing uranium an~ silver. Moreover, recent technological developments
allow these ores to be treated at very low cost, making them attractive
exploration ~argets. Their potential for economic occurrences and ex­
ploitation in Sinai should be pursued.

3.1.11 Turquoise

Turquoise mining is kno~n to have been carried on at Serabit el
Khadim, near Umm Bugma, for an extended period. Engineers of the Sinai
Manganese Company stated that numerous additional small turquoise mines
occur in the region. Hume (1906) also reported turquoise occurrences
at Gebel Maghara. No other information regarding turquoise mines and
occurrences could be obtained during our investigation.

Turquoise mining is typically a sw 11, labor-intensive industry.
Deposits generally occur as thin seams along fractures or small pockets
of pebbly stone in a sandstone matrix Owing to this distribution and
the fragile nature of the material, mass mining techniques are not
applicable and blasting must be minimized. However, despite the labor­
intensive nature of turquoise minir], it can be a lucrative enterprise.
TCJp-quality turquoise brings up tc LE 200 per kilogram on the European
wholesale market. Althougi, limitQd as a major industrial growth re­
source, tUI'Cjuoise exploitation ptential in south Sinai should be
investigated. If sufficiently I'ich deposits are found, market develop­
ment, minor financial aid, and technical assistance could launch a
cottage industry \'/ith long-te ..m income potential for numerous small
mines.



3.1.12 Lead and Zinc

Economic deposits of lead and zinc carbonates, the near-surface
expression of deeper lead-zinc sulfide ores, occur in Middle Miocene
limegrits, brecciated limestones, and calcareous sandstones along
the western Red Sea coast. While these deposits appear concentrated
in an area substantially south of Sinai and its geologic counterparts
on the west side of the Gulf of Suez, their appearance in the basal
Miocene marls and conglomerates of the Suez Rift Border Province carl­
not be excluded from consideration. Lead, associated with barite,
was reportedly encountered in an exploration boring in the Asl oil
field in the Gulf of Suez off Sinai.

If located in Sinai, lead and zinc deposits would be mineral
resources with lo~g-term development pot~ntial. Presently proven
world reserves are reportedly sufficient to meet world demand for
the next 100 years. Nonetheless, domestic resources would be a valu­
able asset I'lhich, under changing political conditions, could contri­
bute to national development in a shorter period of time.

3.1.13 Uranium

Trace amounts of uranium c..~ known to be associated with carhona­
ceous Jurassic sedimentary rocks in the Maghara area of the Platform
Province and with manganese are deposits east of Abu Zenima and Abu
Rudeis. Due to its classified nat.ure, information regarding uranium
mineralization elsewhere in Sina~ and in Egypt's Eastern and Western
Deserts could not be obtained. Consequently, Dames &Moore must rely
on its assessment of favorable host environments in Sinai to evaluate
the potential for economic uranium occurrences.

Our review of literature for the post-Carboniferous sandstone
deposits of north Sinai did not detect the potential presence of pro­
nounced oxidation/reduction fronts. These serve as the concentrating
mechanisnl for roll-front uranium mineralization such as that which
occurs in the western United States. Furthermore, extensive sequences
of acid extrusive volcanic tuffs or detritus from acid instrusive
rocks--indicative of trace amounts of uranium--are not present; there­
fore, we assess the puterltial for large uraniferous sandstone deposits
in Sinai as limited. This does not preclUde the occurrence of small
concentrations of uranium in sandstone in close association with igneous
intrusive and high-grade metamorphic rocks, particularly in the vicinity
of manganese-iron mineralization.

~Jhile sedimentary rocks of the Platfol~m Province do not hold
promise, tI~e PrecafllbriCln crystall"ine rocks of south Sinai warrant some
exploration. We urderstand that veins up to 2 meters in width and :on­
taining pitchblende have been discovered in Precambrian rocks of the
Eastern Desert. This general host environment matches that of the
Crystalline Province. Comparable geologic environments elsel'lhere in
the world contain highly economic uranium dQposits, notably in the
Precambrian shield area of Canada. We conclude, therefore, that ura­
nium exploration opportunities in south Sinai warrant further considera­
tion.



3.1.14 Heavy Mineral Bearing Sands

Beach sands with concentrated heavy mineral suites derived from
Nile River outwash are known to occur along the Mediterranean coast
fr'om tIle Nile Delta to El Arish. The sands at some locations contain
up to 3 percent ilmenite, monazite, zircon, garnet, hematite, rutile,
and pyrite. Ilmenite constitutes roughly 60 percent of the heavy
mineral suite. These materials were drilled lnd tested by the Egyptian
Black Sand Company at several locations along the north Sinai coast
before 1967.

Mediterranean beach sand deposits with the concentrations of
heavy min~rals identified to date do not appear to be economically
promising. The cost of mining, processing, and distributing the po­
tential products of the beach sands far exceeds their estimated market
value. Additionally, heavy mineral bearing sands that may occur along
the Gulf of Suez are not promising. No further action should be taken
to develop these resources at this time.

3.1.15 Sulfur

Elemental sulfur has been reported at Abu Durba, 40 kilometers
south of Abu Rudeis along the Gulf of Suez coast, and in the Platform
Province near Gebel Bedabaa and the Agama Mound. No details are
known regarding these occurrences in the Platform Province.

Near Abu Durba, sulfur is rumored to occur in fractures in shale
and sandstone of the Upper Ras Malaab Formation. If true, the sulfur
occurrence is comparable to that in Miocene evaporite sediments along
the west coast of the Red Sea. At these locations, sulfur is directly
and genetically related to gypsum-anhydrite deposits. Comparable de­
posits have no practical potential as sources of raw elemental sulfur.
Economically, the production of sulfur by acid processing of gypsum­
anhydrite holds greater opportunities.

Other potential sources of sulfur, such as sulfur cappings over
petroleum and gas reservoirs in the Gulf of Suez, were not evaluated
during this investigation.

3.1.16 Talc and Asbestos

Occurrences of talc and asbestos are typically associated with
Precambrian ultramafic instrusive rocks such as peridotite, serpenti­
nite, gabbro, and norite. Ultramafics of this type host talc and
asbestos deposits in the Eastern Desert of Egypt.

Currently available geologic maps of the Crystalline Province of
Sinai do not show areas underlain by ultramafic rocks, nor have they
been mentioned in most published geologic reports. Nonetheless, an
Israeli Geological Survey report prepared in 1976 describes an ultra­
mafic serpentinite mass in the Dahab area of eastern Sinai.

Additional outcrops of ultramafic rocks may occur in the Crystal­
line Province, but could have been overlooked during previous mapping
because of limited areal extent or appearance in weathered exposures.
This introduces the possibility of economic talc and asbestos deposits
in the province. Economic occurrences of copper-nickel sulfides, also



associated with ultramafic intrusives in the Eastern Desert, are addi­
tional exploration targets.

3.1.17 Gold

No deposits of gold are known to occur in Sinai. However, an
axiom with some merit in the exploration industry is that "gold is
where you fi nd it."

Numerous gold deposits are known to exist and have been historical­
ly mined in the Ea~tern Desert of Egypt, where host rock and geologic
structural conditions are nearly identical to those in south Sinai.
Four types of gold deposits, resulting from four separate cycles of
gold mineralization, are found in the Eastern Desert. At l~ast three
of the four intrusive and metamorphic events associated with these
cycles are also manifested in the Sinai Crystalline Province.

The failure of ancient miners to locate and extract gold in Sinai
do~~ not rule out the possible occurrence of economic gold ore deposits.
Historic prospecting relied on the appearance of visible gold in surface
outcrops to guide the tunneling effort toward valuable buried deposits.
Even today at the ancient gold mines of Egypt, gold cannot be found in
~urfdce outcrops, but can be located at some depth underground in the
old tunnels. Tunnels resulting from such historic prospecting of
quart~ veins in the Crystalline Province of Sinai are not mentioned
in publ ::..;Iled literature, so tunnel ~rospecting does not appear to have
been undertaken.

New types of gold deposits containirg microscopic particles of
gold have been found elsewhere in the world, but no exploration for
such deposits has yet been attempted in Sinai.

3.1.18 Ti~, Tungsten, and Rare Metals

Tin, tungsten, and rare metals such as tantalum and niohium occur
in qua rtz ve in1ets, stockYlOrks, alld the contact zones of s il i ca- ri ch ,
small granite instrusives of Gattarian and post-Gattarian age in the
Eastern Desert of Egypt. These intrusives are believed to be gen~ti­

cally or- spJ.;ally related to the pink granites that occur in both the
Eastern Desert and south Sinai. One such metal deposit, at Abu Dabbab
in the Eastern Desert, is sufficiently rich to warrant immediate develop­
ment; a number of international companies are competing for the contract
to mine the deposit.

Areas of pink Gattarian granite are shown on existing maps to
COVer' 1arge port ions of the Crys ta 11 i ne Provi nce of south Sina i. How­
ever, grollnd geologic mapping has not yet been completed in sufficient
detail to outline areas of silicic apogl~anite that might carry tin­
tungsten-tantalum-niobium mineralization. Short of extensive detailed
mapping, exploration for such d~posits can be achieved most rapidly
by stream sediment geochemical surveys. This exploration method should
find early application in Sinai regional mineral resource deve~opment.



3.1.19 Potilsh

A few geophysical logs from oil and gas exploration borings in
the Gulf of Suez, provided to Dames &Moore by the Egyptian Geological
Survey, were examined during our investigation. These revealed the
pi~esencc of geophys i ca 1 i nd i ca tors that may represent zones of potash
700 to 1800 metel~S belO\'I the floor of the gulf. Such zones at extreme
depths beneath the gulf floor do not, of themselves, bear economic
interest, but do serve as exploration guides.

Sedimentary horizons that carry potash beds beneath the gulf may
extend eastward beneath the Suez Rift Border Province at shallower
depths. Since formation of the rift post-dates the deposition of the
potash in evaporite basins, there is no reason to suspect thinning of
the valuable potash shoreward. In fact, folding that slightly predated
northwest faulting in the pro~ince may have served to further concentrate
pot3_h deposits. Potash salts become extremely mobile under the forces
of folding and faulting. Related tectonic pressures serve to concentrate
and thicken potash beds on the crests of a~ticlinal folds. Broad post­
Eocene folds along the central and northern Suez Rift Border Province
might prove interesting in this respect and warrant further investigation.

3.1.20 Other Minerals

Other types of mineral deposits known to occur in Sinai include
bentonitic clays, sodium sulfate, alunite (aluminum source), marblE.
cual shale, and feldspar for use in the glass and ceramic industry.
The potential of these minerals for exploration and economic develop­
ment is not discussed in this paper becau~e of a lack of information;
nor is the possible production of salt from Lake Bardawil brin2s de­
scribed, since this is more of an industrial/chemical undertaking than
a mineral resource development opportunity.

3.2 MINERAL PRODUCTION HISTORY

Copper was mined and smelted near Wadi Maghara, east of Abu Zenima,
in pharaonic times. Production apparently ceased when supplies of
charcoal (made from acacia trees) for smelting were depleted. Tur­
quoise mining is an equally ancient industry east of Abu Zenima, no­
tably at Serabit el Khadim. Production continued on a small scale
until the 1967 invasion. Present dormancy is attributed to a lack
of dynamite and the failure of younger local residents to continue
their fathers ' interests in mining.

The production of manganese from nearby Umm Bugma began in 1918
and continued regularly until 1967. Mining for export ranged from
150,000 to 200,000 tons annually, with peaks of 250,000 tons in a
fevl exceptional years. Production in 1966 was approximately 200,000
tons of ore, averaging 23 percent manganese. A 250-ton-per-day
smelter to process Umm Bugma ore I'/as w')ring completion at Abu Zenima
when hostilities began in 1967. The pla~t was almost totally destroyed
by Israeli occupation.

Little is known of kilOl in production cast of Abu Zenima. Four
mines were in openltion before 1967. The nature of mining equipment
now at these mines and the extent of development suggest a long
period of production. v/hen operahons ceased in 1967, domestic demand



at a rate of 50,000 tons per year was satisfied by the opening of
poorer grade mines at Kalabsha, southwest of Aswan.

High quality glass sand was produc~d at El Khabouba, 20 kilo­
meters northeast of Ahu Zenima, at an unknown yearly rate before 1967.

Quality gypsum was mined for export at Ras Malaab, Gharandal, and
[1 Shatt further north along the Suez coast. Ras Malaab was the larger
operation; excavations suggest a total pre-1967 yield in excess of
several million tons. Further details regarding gypsum production
were not available.

Coal resources at Maghara were being explored and developed in
1966. A 50-million-ton total reserve had been identified. Mine
development, consisting of a shaft and two inclines, had begun at [1
Safa in the Maghara field uefore the 1967 occupation. Planned produc­
tion capacity was 150,000 tons per year beginning in 1968, escalating
to 300,000 tons per year by 1975. The decline portals at E1 Safa were
blasted shut by the Israelis to prevent accidental fires in the gaseous
openings; the shaft remains open, but natural deterioration through
lack of maintenance has damaged wall supports and hoisting gear.

3.3 CURRENT EXPLORATION AND DEVELOPMENT

Recent exploration and development drilling at Umm Bugma has
delineated a manganese ore reserve of 1.2 million tons, containing
22 to 25 percent manganese. Prefeasibility studies by Kaiser Engineers
and Constructors, Inc., in association with the Arab Consulting Bureau,
sllggest marginal economic production. Additional research must be
completed to find ways of impro"ing the economics of production and
to ensure economic viability. Research funding is under consideration
by the Ministry of Development. A successful outcome will lead to
construction of a new smelting plant at Abu Zcnima and operation by
the Sinai Manganese Company.

A prefeasibility study for reactivation of the Ras Malaab Gypsum
mine was recently completed for the Sinai Manganese Company by the
McKee-Kearney joint venture. Investigation results suggest marginally
profitable operating potential if domestic and export markets can be
located.

The Sinai Manganese Company is presently opening a pit on a glass
sand horizon near Wadi Budra, south of Umm Bugma. Tender offers have
reportedly been received from domestic and forE·ign consumers v/ho will
p~rchase 300,000 tons of glass sand from the pit annually.

The Egyptian Geological Survey and Mining Authority recently
so 1i cited tender offers from contractors to conduct feas i bil ity
studies, develop a coal mine, and construct a preparation plant at
El Safa in the Haghara coal Leld. The desired level of production
is 600,000 tons per year initially, escalating to 1,000,000 tons per
year within 3 years. Numerous offers from both domestic and foreign
mining c~~panies have been received.

Proven mineable reserves in the El Safa block of the Maghara
field are around 36 million tons of subbituminous Type A coal. The
Egyptian Geological Survey is currently drill exploring a southwest



extension of the Maghara field and has identified an additional 30­
million-ton probable rese,ve of economically recoverable coal.

In addition to the foregoing investigations and development
projects, a number of small open pits located 20 to 40 kilometers
south of El Arish are providing construction sand and aggregate for
that city. Other small gravel pits support road construction at
scattered locations in north Sinai and in the Suez Rift Border Province.
Minor natural salt harvesting by Bedouins along Lake Bardawil is also
reported.

3.4 ASSESSMENT

The exploration and development of coal at Gebel Maghara, as a
major resource and national asset, is being ably managed by the
Egyptian Geological Survey and Mining Authority. Research directed
toward ferromanganese production at Abu Zenima, with its importance
to domes tic se If-suffi ci ency in the heavy indus tri es, is correct ly
bei~g administered by the Ministry of Development. However, no compre­
hensive analyses of the development potential of other known mineral
occurrences in Sinai--considering mode~n technology, costs, and mar­
kets--have been completed; nor has thorough exploration for undiscovered
mineral deposits, using contemporary, sophisticated methods and concepts,
been undertaken.

Achieveme~t of the foregoing tasks will greatly accelerate mineral
production and industrialization in Sinai. It will enable the Govern­
ment to direct funding toward those development opportunities with
the greatest ~ossible returns in financial and social benefits; public
sector companies will be induced to focus on projects with real economic
potential; and foreign capital may be attracted by docume'.1ted informa­
tion regarding mineral deposits.

Development planning to achieve the stated goals should include,
in order of priority:

o Resource estimations and prefeasibility studies for kaolin,
glass sand, and turquoise.

o Local exploration for economic deposits of copper-bearing sand­
stone.

• Regional exploration for previously undiscovered or unknown
ore deposits of iron, phosphate, uranium, potash, talc, asbes­
tos, gold, and other metals such as tin, tungsten, c~pper­

nickel, and niobium-tantalum-cobalt.

The follO\,l1ng sections of this paper outline a program for the recom­
mended action. The locations of areas recommended for resource evalua­
tions and regional exploration are shown on Figure 3-3.
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4.0 MINERAL EXPLORATION PROGRAM

4.1 RESOURCE EVALUATIONS

The locations of potentially economic deposits of kaolin, glass
sand, turquoise, and cupriferous sandstone are known in Sinai, either
by professional geologists or local inhil.bitants who have worked the
deposits. Some of these have obvious exploitation possibilities based
on recent historic production; others may have been rendered economic
by newly developed technology and changed market conditions.

For most of the known deposits, either no records were made or
preserved regarding ore distribution, tonnage, and grade, or prepared
records were lost or destroyed during the war. In many cases, unfor­
tunately, knowledgeable operators and workers have also dispersed.
Consequently, comprehensive resource evaluation programs must be under­
taken to analyze and prepare these deposits and mines for reactivation.
The programs will identify the tonnage and grade of material available
for mining in each deposit. Preliminary estimates of the mineability,
mining and processing costs, and market values will also be included.
This information is integral to prefeasib41ity studies and is a neces­
sary data base for future development planning.

Resource evaluation programs for known deposits of kaolin, glass
sand, turquoise, and cupriferous sandstone are discussed in the follow­
ing sections.

4.1.1 Kaolin

Kaolin was developed in six underground mines and explored in a
number of drifts and cross-cuts at Wadi Budra, 10 kilometers south of
the Umm Bugma manganese mine.

The initial effort in assessing reactivation potential at Wadi
Budra should be a brief market analysis--considering published ore
grades, international processing costs, and transport distances--to
estimate the competitive position of the deposits in domestic and
foreign markets. Optimistic results should be followed by serious
attempts to obtain past production records, physical and chemical
analyses, and ore reserve maps from prior operators.

Necessary fieldwork will include the mapping of surface outcrops
of kaolin, related host rock, and geologic structures at a scale of
1:5000. From these maps, district isopach overlays can be generated
to i dent ify the trends of th i Cl'.er kao1in zones at Wad i Budra.

In conjunction with district mapping. detailed mapping of outcrops
adjacent to developed mines and underground mine workings should be
mapped at a scale of 1:1000. Available underground maps may only re­
quire supplemental surveying.

Using detailed surface and underground maps as a plotting base,
exposed kaolin beds at representative locations should then be mea­
sured and channel sampled. Samples must reflect true conditions in
each developed ore block and zone and m~st be analyzed for silt and
sand COlltent, deleterious chemicals, and processing char~cteristics.



Preliminary resource estimates involving the delineation of re­
serve blocks around mapped exposures, bed correlations between expo­
sures, and projections and planimeter measurements of proven, probable,
and possible ore reserves can be made at the conclusion of the field
program and sample analyses. Concurrently, initial estimates of the
tonnage and grade of material required for serious economic consideration
must be refined. If proven, probable, and possible reserves mee~ order­
of-magnitude target goals, two courses of action are possible:

5 Exploration drilling can begin to enlarge the ore reserves,
with a view toward initiating a larger mining and processing
operation, or

• Ore reserve development drilling can be started to convert
probable and possible ore to proven ore and to acquire geologic
da ta necessary for mi ne des i gn.

In the latter case, prefeasibility studies can begin concurrently
with ore reserve development. These studies would include further
marketing research, conceptual mine and process plant design and cost­
ing, operating cost estimates, and bench-scale metallurgical tests to
develop process flow sheets. Prefeasibility studies mark the end of
resource evaluations.

In no event should prefeasibility studies for kaolin production
at Wadi Budra hegin before the combined totals of the proven ore
reserve, plus one-half of the probable ore reserve, satisfy initial
order-of-magnitude target goals. Failing in this, additional explora­
tion in the district--employing isopach projections, paleochannel ~e­

lineation, shallO\'J seismic profiling, and exploration drilling--may be
required.

4.1.2 Glass Sand

Quartz sands with chemical and physical characteristics optimum
for glass production occur in apparently almost unl"imited volumes east
of Abu Zenima and Abu Rudeis. Resource evaluation, beginning with a
brief market analysis, should focus on:

• Obtaining representative samples of this material for analysis.

o Commissioning analyses that will be regarded as unquestionably
reliable by foreign buyers.

o Locating areas along the g"'ass sand sedimentary unit which
offer a combination of the following optimum production con­
ditions:

Maximum bed thickness of qualit.y sand

Favorable overburden conditions to mininlize waste stripping

Minimum structural disturbance demanding consideration in
open-pit mine design

Favorable location with respect to access roads and trans­
port facilities (0.9., piers).
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The El Khabouba mine, \\Ihich enjoyed production befol'c 1967, would
be a logical stJtting point in selecting optimum mining sites, but may
not itself be the best location. Continuous mapping of glass sand out­
crops at a scale of 1:10,000 should be performed, beginning at El Kha­
bouba. From this map, other favorable sites with respect to thickness,
access, and transport can be identified and their approximate overburden
estimated. FollO\'J-up \'JOuld include detailed mapping (1:2000 scale),
widely spaced reconnaissance drilling, and sampling for analysis.

The results of the foregoing program would provide necessary
basic data for prefeasibility studies. For glass sand, these studies
Olus t con centra te on ma rl:et ana lyses, though conccptua 1 mi ne des igns ,
capital, and operating cost estimates--particularly transport--will
also be important.

Turquoise, unlike most other types of mineral deposits, cannot be
inverltoried and tested to provide data for conventional prefeasibility
studies. Economic development potential can only be estimated by pilot
mining operations, which serve to:

• Establish the approximate amount of turquoise recoverable per
ton of mined rock at favorable locations.

e Test different mining methods to select those which are most
economically productive.

• Generate a nucleus of potential sn',all mine operators, who can
subsequently initiate the industry on a small IIfamily mine ll

scale by training and employing only interested, local inhabi­
tants.

o Provide a bulk sample of turquoise to submit to potential
buyers for valuation.

The fo 11 O\·d ng prog ram is recommended for Sina i turquoi se resource
evaluation:

• Interview local residents to identify previous mining sites.

• Complete site visits and reconnaissance mapping of those
locations which appear to be promising.

• Select two or three sites for pilot mining.

• Employ and outfit local mining teams.

• Supervise pilot mining and hand sorting of the turquoiso.

.. Submit the samp los for va 1ua t ion.

• Ani:llyze the rnaterii:ll and labor cost of pilot 1111l11n9, the volume
of turquoise recovered, and its market value.

If the rC'sul ts of pilot mining and economic analyses prove fnvor­
able, some management and technolQ9Y organization may be required to



launch the industry. Fur example, a public sector company might be
established to:

o Control and lease mining sites under terms which would promote
production. Tet'ms might include small royalty payments, minimum
production or mine development demands, and actual lessor/
operator presence at the site. This would prevent the nonpro­
ductive holding of mineral resources by absentee lessors wishing
to speculate in future values.

• Provide limited material assistance in the form of drilling and
small hauling equipment and blasting supplies.

• Provide technical guidance in small mine development, mining,
and recovery methods.

• Purcllas~ tut4uoise frum ~llIdl1 mines at equitable prices for
domestic or export wholesaling.

4.1.4 Cupr~ferous Sandstone

An ancient method for extracting copper from certain types of are,
cOlllbined with modern techniques for recovering the copper from extracting
solutions, has gained wide applicatlon in the mining industry. The
system is called "heap leaching and cementation recovery. II It is par­
ticularly suitable for small, remote mining operations in that massive,
high-cost processing equipment is not required; only water, sulfuric
acid (battery ~cid), and scrap iron are needed. The technology is
simple, and tIle operating costs are low.

For hcClp 1each i IlJ, uncrushed :::opper ore from a mi ne is pil ed on
an impermeable pad, either compacted clay or plastic. Water with a
small amount of acid is applied to the top of the heap through farm­
type sprinklers. The acid water leaches the copper and trickles along
the impermeable pad to be collected in ponds. It is then circulated
by pumps through concrete troughs containing scrap iron. The copper in
the acid solution replaces iron in the scrap and accumulates on the
floor of the trough as copper cement. After dry'ing, this is a readily
marketable, high unit value commodity (LE 1000 to 1500 per ton).

Heap leaching and cementation recovery are very applicable to
sandstone copper ores such as those which occur in Sinai east of Abu
Zenima. They are, in fact, some of the most suitable ores for this
type of tn~atment, and their economic potential warrants investigation.
For this purpose, we suggest the following program:

, Reconnaissance visits to s~ndstone copper deposits shown on
existing maps, supplemented by informatioll from local residents.
Several of the deposits described in technical literature bear
ancient mine workings.

o Reconnaissance mapping, outcrop sampling, and sampling in ac­
cessible underground workings at apparently favorable sites.

c Preliminary engineering analyses and selection of the best
OCLurrences for further investigation.



(.) Detailed mapping, test pitting, and exploration tunneling
at the most promising locations, follO\'Jed by channel sampling
and assays .

• Prel"iminary estimates of ore reserve potential and mining and
processing costs based on site conditions, ore thickness, and
grade.

• Bench-scale heap leach testing of representative materials
from favorable deposits.

o Exploration drilling program design and implementation for
those deposits that appear to offer economic potential.

Exploration and development beyond this stage would follow the sequence
of ore reserve development drilling, prefeasibility studies, bulk testing,
and engineering analyses typical tor other mineral deposits in Sinai.

4.2 REGIONAL EXPLORATION

4. 2. 1 De fin it ion

IIRegional exploration ll is the broad search fOI~ ore deposits of
minerals which are known to occur locally, but in subeconomic concen­
trations. It also applies to types of minerals whose presence in any
amount is uncertain, but which may logically be expected to occur in
the geologic environm~nt being explored. Mineral deposits located dur­
ing II reg ional exploration ll become the subject of Ilresource evaluations. 1I

4.2.2 Exploration Targets

Based on available information, those types of minerals worthy
of regional exploration in Sinai are:

~ Phosphate and iron as bedded ore deposits in Cretaceous sand­
stone rocks of the Platform Province.

e Potash in evaporite-bearing, Miocene-Eocene sedimentary rocks
of the Suez Rift Border Province.

8 Uranium as pitchblende in velns in Precambrian rocks of the
Crystalline Province.

i Metallic mineral deposits of iron, gold, tin-tungsten, and
rare earth metals (niobium, tantalum, cobalt) which may occur
as podiform masses in veins, stockworks, or placer (alluvial)
deposits in the Crystalline Province.

Each of these minerals is subject to a different type of exploration
approach.

Regional geologic maps are the basic framework fOl~ any exploration
program and must, in some cases, be prepared. Maps with a sufficient
level of detail for Sinai have already been genel'ated by the Remote
Sensing Center in Cairo.



Information shown on l~egional maps is supplemented by a photoin­
terpretive search fOI particular structural features relevant to mineral
deposits. These might include folds, faults, and shear zones of a
particular age and trend, alteration zone discolorations, or ring-dike
and domal structures related to particular types of metallic mineral
depos its.

Airborne radioactivity and magnetic maps are important supplements
to regional geologic and photointerpretive maps. Radioactivity maps
define broad areas of apogranites which may host tin-tung~ten and rare
earth depos~ts; delineate phosphatic sedimentary rocks which typically
carry trace .1mounts of uranium; and locate strong, linear radioactivity
anomalies potentially related to uraniferous pitchblende veins.

Office analyses of these various sources of regionul exploration
information serve to identify particular locales or areas that should
be examined dur~-' field reconnaissance.

In all cases, field reconnaissance begins with visits to known
mineral occurrences. These are sketch mapped and sampled. Details re­
garding their nature, mineral content, host rock, structural setting,
and related alteration features serve as models and guides for the
discovery of larger, potentially concealed mineral deposits.

Next, anomalous or peculiar features detected on regional geologic
maps, aerial photographs, and radioactivity and magnetic maps are
visited to determine theil~ character. Reconnaissance mapping, ground
scintillometer surveys, outcrop sampling, and analyses can be com­
pleted in those areas with surface evidence of mineralization.

Reconnaissance examinations are carried on until the nature of
each radioactivity or magnetic anomaly, peculiar structural feature, or
alteration zone is known.

Outcrop sampling and mapping and stream sediment geochemical sur­
veys can be completed concurrent with regional reconnaissance examina­
tions. At this stage of exploration, samples of alluvial sand from
major wadis throughout the area of study are systematically taken and
analyzed for heavy metal content--gold, platinum, tin, tungsten, cop­
per, mercury, nicJium, tantalum, etc Plotted on regional maps, .3.nom­
alous levels of heavy metals in wadi sediments serve to identify broad
areas which may contain an enriched source nf these valuable metals.

Data from these various regional prospecting programs are next
synthesized to identify areas of particular interest. Such areas may
show low-level radioactive anomalies which, upon field examination,
are found to consist of altered apogranite with numerous small quartz
veinlets. Anomalous levels of tin and tungsten could occur in nearby
wadi sands. During the next stage of exploration, these and other
areas of interest would bo subjected to detailed or local mapping, sam­
pling, and geochemical analyses of sands from smaller wadis; ground
scintillometer and geophysical surveys; and outcrop sampling~ as appro­
priate.

The foregoing exploration stages serve to locate and progressively
focus Clttnnt"ion on the most favorable locations for potential ore de­
posits in the region. In the final stages of regional exploration,



a few of the very best sites are selected for more intensive study
and arc mapped in detail. Rock-chip, soil, and wadi-sand gl'id geo­
chemical surveys are completed, and one or more of the following olay
be undertaken--test trenching and representative sampling or reconnais­
sance drilling, detailed topographic and geophysical sllrveys, and
bulk sampling and bench-scale metallurgical testing.

Mineral deposits that are shown to have economic potential by
the final, detailed stages of regional exploration become the subject
of subseq~ent resource evaluations.

The following sections of this paper contain outlines for regional
exploration programs which are specifically tailored for the types of
mineral occurrences believed to hold 2conomic promise in Sinai.

4.2.4 Phospha~ and Iron

Sedimentary host rocks in Egypt are assumed to also appear in Sinai;
these al~eas \'Jere determi ned by remote sens i ng methods and plotted on
regional geologic maps for Sinai. Sedimentary host rocks examined in
the field at a few sites \'Iere found to contain varying amounts of
phosp'1ate. Iron-rich beds have also been reported.

None of the vc~y few locations examined for phosphate and iron in
Sinai were found to contain economic thicknesses and grades of minerali­
zation. However, several hundred kilometers of exposed sedimentary host
rocks remain to be systematically m:.,!ped and examined.

Sedimentury phosphate and iron exploration in Sinai must begin
with ground reconnaissance mapping of the entire trace of the host
sedimentary horizon. This might be completed at a scale of 1:20,000 or
1:50,000. During ground mapping, outcrops of phosphatic material or
ferruginous sandstone at widely spaced intervals should be measured for
thickness and the mineral content estimated by field analytical methods.

The regional mapping and analytical program should identify broad
areas in \'Ihich phosphate and sedimentat'y iron zones appear thicker and
richer than average. Subsequent exploration would focus on these areas,
beginning \'1ith local mapping.

During the next stage of exploration, test trenches in favorable
areas should be excavated across phosphate and iron zones at widely
spaced intervals. Initial outcrop trenching, sampling, and analyses
at l-kilometer intervals might be appropriate. Low-level airborne
radioactivity and magnetic surveys may also be useful.

Combined di1ta from local mapplng, sedimentary facies studies,
trenching, stlillple analyses, and airborne surveys may ~jentify a few
areas in which phosphate or iron equal or excped the minimum grade
and thickness cut-off criteria for econoolic consideration. In these
areas, more closely spaced trenching and reconnaissance drilling to
confirm the presence of some are grtlde material should be completed
as the final stage of regional exploration.



4.2.5 Uranium

Economic deposits of ul'anium may occur as ~itchblende veins in
Precambri an rocks of the Crys ta 11 i ne Prov i nee. The fi rs t, es sel~t i a1
step in uranium exploration in south Sinal will be the cGmpletion of
airborne radiometric surveys of the entire province. Resulting radio­
activity maps will show broad areas of low-level radioactivity and
smaller, anomalous areas in different types of host rock and in varying
geometric configurations and spatial distributions.

Initial fieldwork in uranium exploration should consist of ground­
verifying the various radioactivity zones delineated by aerial surveys.
Broad areas of low-level radioactivity are exanlined to associate acti­
vity levels with particular types of metamorphic and igneous rocks.
This establishes background levels of radioactivity which are signifi­
cant in assessing the potentia1 merits of other radioactive anomalies
in various host environments.

Next, representative examples of various typos of localized,
highly anomalous features are selected from the regional radiometric
maps for field examination. These are visited and reconnaissance mapped.
Ground scintillometer traverses across the anomalies are completed to
more accurately define aerial extent and radioactivity levels. Grab
samples over wide anomalous areas Jnd channel samples across thin,
highly anomalous zones are taken and analyzed to cal ibrate scintillo­
meter equipment n1(JdSUI~ements with chemical U30S content.

Geologic features--such as host rock, faults, alteration zones, and
quartz veins--that appear to control the clistribution of radioactive
minerals should be defined.

The results of the foregoing fieldwork and analyses should be syn­
thesized into a series of models typifying the various kinds of radio­
active mineral occurrences found in the Crystalline Province.

Models might be characterized by particular host rock (i.e., pink
granite vs. grey granite), a minimum level of radioactivity, geometric
configuration (ellipsoidal vs. linear), and association with specific
geologic structures (narrow faults vs. broad fracture zones). Based
on fieldwork and conditions related to uranium ore deposits elsewhere
in the \'Iorld, attention is then focused on those models \,/ith maximUin
economic potential.

In the next stage of regional exploration, all anomalies on the
regional radiolllctl'ic maps which satisfy the criteria for the most
favorable models are identified for field reconnaissance. Reconnaissance
will include local mapping, scintillometer surveys, and grab and chan­
nel sampling fOl' analyses. At the conclusion of the reconnaissancr.
program, a fo\-/ of the most attract~vC' an:as are selected for detililecl
mapp-ing, grid geochemical and scintillometer slwveJ's, test pitting,
reconna"issancc drirling, and sample anillyses. Indications of poten­
tially economic orc lead to the resourcc evaluJtion stage.



4.2.6 Met~lJ i c M~ nerol Depos~~

On ly the Crys ta 11 i ne Prov inee is be 1ieved to ha ve seri ous potent i a1
for the occurrence of metallic mineral deposits such as gold, tin-
tungs ten ~ and ra l~e earth meta 1s.

Airborne surveys recommended for other ty~es of mineral deposits
in Sinai are equally appropriate for metallic mineral exploration.
Radioactivity maps will delineate broad areas of silicic apogranite
which may host tin-tungsten and fare earth metal deposits comparable
to those in the Eastern Desert. Aeromagnetic maps may reveal magnetic
highs related to massive iron deposits; broad~ low-level magnetic anoma­
lies could indicate ultramafic intrusive areas--rock types which~ else­
where in the world~ carry carper-nickel ~ chromite, and platinum are
deposits.

While the foregoing airborne survey data contribute to general ex­
ploration planning, the confirmation of the presence of these metallic
mineral ores requires extensive fieldwork. The most effective prospec­
ting tools available are stream sediment geochemical surveys. In view
of this, we l~ecommend the follO\·Jing exploration approach:

8 Stage l--Airborne survey analyses and ground verification:
Airborne radioactivity and magnetic surveys and photointerpreta­
tion, followed by ground reconnaissance of localized strong and
larger moderate magnetic high areas.

o Stage 2--Reconnaissance geochemical survey: Stream sediment
samp:ing in major wadis and sample geochemical analyses.
Sample densities on the order of one per 10 square kilometers
are appropriate. One-tenth cubic meter samples are typically
excavated fr'om pits at depths belol'! 0.4 meters. These aloe
screened, and material larger than 1 millimeter in diameter
is rejected. Sands are pan concentrated into 100- to 200­
grab samples which are analyzed for a r-1nge of metals.

6 Stage 3--Geologic reconnaissance: Areas in which reconnais­
sance geochemistry detected anomalous levels of heavy metals
are subject to more intensive sampling. These areas may be
associated with particular aeromagnetic, radioactivity, or
photointerpretive features. Smaller wadis in these favorable
areas are sampled~ and the sands are analyzed for heavy metals.
A sampling density on the order of one per 2 square kilometers
i sapp1'0 PI' i ate.

o Stage 4--Target delineation: Localized areas in which Stage 3
geochemical surveys detect pronounced stream sediment geochemi­
cal anomalies ar2 systematically examined for alteration fea­
lures, mineralized out(rops, gossans, and veins. Local mdpping,
outcrop samrling, and reconnaissance geophysical traverses
(ground magnetic surveys) may be warranted.

o Stage 5--Evaluation of selected targets: In this final stage
of regional exploration, the most favorable locations identi­
fied in Stage 4 are subject to detailed geologic mapping~ sys­
tematic geophysical and geochellrical grid surveys, trenching,
pitting, and reconnaissance drilling. Beyond this work, they
become the subject of n:source evaluations.



4.2.7 Pottish

Due to the soluble nature of potash, deposits tlre typically not
exposed in surface outcrops. Occurrences in most parts of the world
have been detected only by oil and gas drill hole cutting analyses
and well geophysicul -logging. The relaLionship betl'.Jeen potash deposi­
tion and subtle chonges in regional sedimentary facies, combined with
the Spi.lt~Se nature of concrete exploration data from oi 1 and gas dri 11
holes, make potash exploration a highly theoretical Jnd scientific
endeavor. Drilling exploration and ore development are extremely
costly.

To assess the potential for economic potash occurrences in Sinai,
it is necessary to analyze a1"l available oil clnd gas lithologic and
geophysical logs from exploration borings located onshore and flanking
the Gulf of Suez. Potash beds can be distinguished on geophysical logs
as gamma activity highs combined with resistivity lows.

The sedimenta.ry sequence in which potash occurs is identified from
oil and gus exploration lithologic logs. The sedimentary host is cor­
related between widely spaced borings, and indications of potash are
sought in the same stratigraphic interval elsewhet'e. Subtle lateral
changes in the chemical and physical nature of the host stratigraphy
give clues regarding probable regions of maximum potash deposition.
These may not coincide with areas in which oil bnd gas exploration
has been carried out. For example, while only thin potash horizons
occur in producing oil wells in the central Paradox Basin of the west­
ern United States, economic deposits of potash occupying the same
stratigraphic interval are 100 kilometers away and actively nlined.

To identify broad areas of potash deposHs, thicknesses of potash
measured from oil and gas boring logs are used to generate regional
isopach r1'aps. These are supplemented "lith theoretical projections of
maximum evaporite depositional basins using lithostratigraphic facies
control concepts.

If these mechanisal and theoretical projections indicate potential
economic thicknesses or potash below the surface, the next exploration
step will be to determine the probable depths of occurrence. This
will demand detailed stratigraphic correlations between Miocene-Eocene
sedimentary rocks penetrated by drill holes in the Gulf of Suez and
outcrops of these formations in the Suez Rift Border Province. Cor­
relations with drill-penetrated Miocene-Eocene strata in the northern
Platform Province may also be productive.

If stratigraphic correlations and isopach/lithofacies analyses
suggest potential potash occurrences at technically mineable depths in
Sinai, a search for structurally suitable environments must be under­
taken. The hest sites are typically the crests of local anticlinal
folds. During reg-ional compressional tectonism which generu.tes folds,
potash becomes hi~Jhly mobile. Potash that has rnigru.te.d uncleI' ~_hese

conditions has concentr'ated to form thick ore zones along ant-iclinal
crests -in many pal~ts of the world. Potash mines in the United States:
Canada, and Russia are extracting such fold-related concen,rations.

rinally, lOCutions cOlllb-ining optimum conditions of reSjional
potash depositional thicknoss, dopth of host horizon, and potential



fold ~xis concentration must be drilled on a reconnaissance basis.
Drilling concludes the regional exploration stage of resource develop­
ment.

4.3 EXPLORATION A~~ DEVELOPMENT SCHEDULE

The approximate minimum times required to complete the resource
evaluation projects discussed in this paper--at least to the point
where prefeasibility studies should be commissioned and infrastructure
development begun, or projects drc~ped--are listed below. General time
frames for the various regional exploration progr'amS are also estimated.
These are order-of-magnitude estimates only and assume logical, dili­
gent, and continuous mineral resource development.

4.3.1 Resource Evaluations

c Kaolin, 12 months
0 Glass sand, 6 months
G Turquoise, 8 months
0 Cupriferous sandstone, 18 months.

4.3.2 Regional Exploration

e Phosphate and iron, 24 months
0 Ura~ium, 36 months

" Metallic minerals, 24 months
G Potash, 48 months.

4.4 FUNDING

The short-term objectives of the resource evaluation and explora­
tio~ ~rograms discussed in this paper should be to gather, process,
and present information on specific mineral occurrences in Sinai, with
the goal of att:~acting foreign and domestic private-sector investment
capital. The intermediate-range goal is to promote industrial develop­
ment in Sinai; the long-term purpose is total national economic health.

Initial work to achieve the described goals should, owing to both
local and national importance, be a Government responsibility--either
directly or through cons~ltants. Moreover, the need for accelerated
development may require governmental stimulation. UNDP, USAID, or
World Bank funding should be sought.

Accelerated mineral resource development might also be aided by
modifications to existing mineral exploration, exploitation, and expoy't
laws affecting Siniji. While current equipment import tax rlaivers, in­
come tax holidays, and other free-zone considerations applicable to
the region hold werit, they may not alone be sufficient to attract
foreign capital for mineral exploration and development projects.
Current national laws affecting foreign participation in mineral
projects are based on comparable regul~tions evolved for the petro­
leum industry. Unfortunately, mineral exploration and dEvelop' ·nt
bear much greater risk factors than hydrocarbon fuel pro ~cts

profH margins for opcl'ating mines are much narrower.

To cumpensate for these risks, international mlnlng companies and
private investors require favorable, well-defined laws regarding



taxation, nonintel~ference in management and operations, and minimum
product sharing with host governments. As an example, the host govern­
ment share of products from mines throughout most of the American con­
tinent l~anges from 5 to 10 percent. Totol taxes on net profits, which
are reduced according to host government product shadng, amount to
approximately 50 percent in most countries. Government involvement
in operations is, by law, restricted to auditing, tax collection, and
assurances of mine worker health and safety.

Given the above favorable environment for nllnlng enterprise,
companies and private investors are often willing to bear the cost
of mineral exploration, both region)l and local, even where the pros­
pects of success are severely limited. Special laws to create this
environment in Sinai could promote a rush of exploration activity,
applying the 1atest technology and the talents of the most skilled
professionals and scientists in the world to rapid mineral resource
discovety and development in the region.



5.0 CONCLUSIONS

5.1 SUMMARY

5.1.1 Mineral Resource Potential

Dames &Moore concludes that Sinai holds known occurrences or
potentially economic deposits of the follm'ling minerals:

o Occurrences known (proven or marginally economic deposits)-­
coal, manganese/iron, kaolin, glass sand, gypsum, turquoise,
limestone/dolomite, and construction sand and aggregate.

c Occurrences known (possible economic deposits)--pllosphate and
copper.

o Occurrences known (improbable economic deposits)--lead and
zinc, heavy minerals in beach sands, sulfur, and sedill1ental~y

iron ore.

• Occurrences unknown (some exploration potential)--uranium,
talc/asbestos, gold, tin-tungsten, copper-nickel, sulfides,
rare earth metals, and potash.

5.1.2 Current Exploration and Oeve1opmen~

G The Maghara coal field is being both managed for development
and further explored in an appropriate manner by the Egyptian
Geological Survey and Mining Authority.

• The Umm Bugma/Abu Zenima ferromanganese mine and smelter
project is under consideration by the Ministry of Development
for further feasibility studies.

• A prefeasibility study has been completed for reactivation
of the Ras Ma1aab gypsum mine.

e The Sinai Manganese Company is developing a glass sand open
pit mine south of Umm Bugma.

• The Governorate of South Sinai has received dpplications for
a concession to reactivate the El Khabouba glass sand mine.

Our general assessment of present exploration and development
activity is that:

• Maghara coal exploration and development is being well managed.

I) While investigations of the Abu Zenima ferromanganese project
may be I,-wrthy enterprises, they are diverting both interest
and funding sources from potentially more valuable projects
such as the Wadi Budra kaolinite and E1 Khabouba glass sand
mines.



5.2 RECOMMENDATIONS

5.2.1 Resource _DevelQ.pll1s..t:1..t

Resource development of known mineral deposits should begin in
the following order of priority:

8 Wadi Budra kaolinite
o Glass sand
• Turquoise
8 Cupriferous sandstone.

Development of these resources beyond the prefeasibility stage would
be accelerated by allowin'] competitive public and private sector bidding
for their exploitation, rather than granting comprehensive concessions
for all mineral deposits in large areas to single public or private
sector companies.

5.2.2 Regional Exploration

No priorities are assigned to the regional exploration programs
outlined in this paper. However, the following ranking is believed to
reflect their real economic potential:

o Metallic mineral deposits
• Uran~LJm
• Potash
(l Phosphate.

We recommend that exploration for these materials be initiated as soon
as funding is located. Although they each represent long-term explora­
tion and development efforts, their accelerated discovery and develop­
ment are essential to maximum industria~ development in Sinai.

5. 2. 3 run~~j

We suggest that applications be made to the UNDP, USAID, and the
World Bank for funding for the mineral resource exploration and develop­
ment projects recommended herein. We further suggest that modifications
to existing exploration and exploitation laws covering mineral resources
in Sinai could be effective in attracting foreign investment to the
region, thereby accelerating discovery, mine construction, and production.
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